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ENCYCLOPJEDIA BRITANNIC A. 


NAVIGATION. 


Hlatory. NAYiaATiON IS the art of conducting a ship from one port 
or place to another. 

inSTOKY. 

The profane poets refer the invention of the art of na- 
vigation to their heathen deities, though historians ascribe 
it to the iEginetes, the Pha‘nicians, the Tyrians, and the 
ancient inhabitants of Britain. Scripture refers the origin 
of so useful an invention to God himself, vrho gave tlie fir^t 
f^ecimen of navigation in the ark built by Noah under his 
direction. 

The earliest record of the practice of the art of navigation 
is that of the Egyptians, who at a very remote period are said 
to have established commercial relations with India. This 
traffic was carried on between the Arabian Gulf and the 
western coast of India, across the Indian Ocean.* It would 
appear, however, that this intercourse was of no long dura- 
tion, and that the Egyptians soon confined themselves to 
overland traffic with their neighbours, even excluding from 
all access to their country those foreigners who would have 
traded with them by the Mediterranean Sea. 

The Plimnicians were the most distinguished of the early 
navigators; their commercial relations with other nations were 
the most widely spread ; and their capital, Tyre, was for ages 
the centre of ancient commerce and the “ mart of nations ” 
The narrowness and poverty of the little slip of ground 
they possessed along the coast, and the convenience of two 
or three good ports, naturally drove an enterprising and 
industrious people, stimulated by a genius for commerce, to 
seek by sea those riches which were denied them by land. 
Accordingly, Lebanon and the other neighbouring moun- 
tains furnishing them with excellent wood for ship-build- 
ing, they in a short time became masters of a numerous 
fleet ; and constantly ha^arding new navigations, and settl- 
ing new trades, they soon arrived at an incredible pitch 
of opulence and populousness, insomuch as to be in a con- 
dition to send out colonies- The principal of these was 
Carthage, which, keeping up the Phoenician spirit of com- 
merce, in time not only equalled Tyre itself, but vastly 
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surpassed it, sending its merchant fleets through the Straits nutory. 
of Gibraltar, along the western coasts of Africa and Europe, 
and even, if we may believe soma authors, to America 
itself. 

At an early period of their history, although long subse- 
((uently to the rise of the Pha*nician navigators, the (irecks 
learned and practised the art of navigating the adjacent seas, 
although they seem to have tmsted almost entirely to the 
oar as the instrument of propulsion. The celebrated voy- 
age of the Argonauts belongs to a very early period ; and 
in later times tnc Corinthians and Corcyrscans disputed with 
Athens the empire of the Greek seas. At length Tyre, 
whose immense riches and power arc represented in such 
lofty terms both by sacred and profane authors, was de- 
stroyed by Alexander the CJreat, upon which its navigation 
and commerce were transftMred by the concjueror to Alex- 
andria, a new city, admirably sittiated for these purposes, 
and intended to form the capital of the entpire of Asia, 
of which Alexander then meditated the corKpicst. And 
thus arose the great navigation of the Kgv[>tians, wdiich wm 
afterwards so nnich cultivated by the Ptolemies, that Tyre 
and Carthage were quite forgotten. 

Kgy[)t being reduced to a Roman province after the 
battle of Actium, its trade and navigation fell into the 
hands of Augustus, in whose time Alexandria was only 
ipferior to Rome ; and the magazines of the capital of the 
world were wlmlly supplied with merchandise from the 
commercial capital of Egypt. 

At length Alexandria itself underwent the fate of Tyre 
and Carthage, being surprised by the Saracens, who, in 
spite of the Emperor HeracHus, ot^erspread the northern 
coast of Africa. By them tlte merchants were expelled, and 
Alexandria was, until lately, in a languishing state ; though 
it always had a considerable share of the commerce of the 
Christian merchants trading to the Levant. A fresh im- 
pulse, however, has been given of lute years to the trade 
of Alexandria by its having become an important post in 
the overland route to India. 

The fall of Rome and its empire drew along with it not 
only the overthrow of learning and thepolite arts, but also that 
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2 NAVIGATION. 

Jiifltory. of navigation ; the barbarians, into whose hands it fell, con- was formed in the north, which not only earned commerce Umtotj, 
' tenting themselves with the spoils of the industry of their to the greatest perfection of whudi it was capable till the WvW 
predecessors. But no sooner were the braver amongst discovery of the East and West Iinhes hut aUo a 

those nations well settled in their new provinces,— some in new scheme of laws fur its regulation, wludi still uhtam 
Gaul, as the Franks ; others in Spain, as tlic Goths ; and under the name of I s<’S and ( upturns ot tlie 
others in Italy, as the Lombards,— than they began to learn This society is that famous league of the Hanse towns, 
the advantages of navigation and commerce, and the roe- commonly supposed to iiave been imitituteti about the year 
thods of managing them, from the people they had sub- 1164. (Sec ^A^^sEATI^ ls,uiVK, nml ( mmmr. For 
dued; and this with so much success, that in a little lime the present state of navigatam in the vanous countries of 
some of them became able to give new lessons, and set on the world, sec under the nanu‘ of ea(‘hf) 
foot new institutions for its advantage. Thus it is to the We shall only add, that in i‘xamiuing the causes of eom- 
Lombards that we usually ascribe the invention and use of merce passing successively from tlu‘ V enetians, (»enueM% 
banks, book-keeping, exchanges, rcchanges, &c. and Hansc Towns, to the Porlu^mesc and SpimanE. ami 

It does not appear whicli of the European people, after from these again to the Knglidi ami Dutch* it imy he 
the settlement of their now roasters, first betook themselves established as a maxim, that the relation hciwwn c<»m- 
to navigation and commerce. Some think it began with merce and navigation, or their union, in so iuiiuuae, that 
the French, although the Italians seem to have the fairest the fall of the one inevitably ilrm s ;%fu r it that of the 
title to this distinction, and are accordingly regarded as other; and that they will alwayji either fhimidi or decline 
the restorers of navigation, as well as of the polite arts, together. Hence so many laws, ordinances utatntc^ anti 
‘ which had been banished together from the time the edicts for its rcgulatitm ; and hence porticuhirly tlj;u ccle- 
empire was torn asunder. It is the people of Italy, then, brated act of navic'atiun^ which an emininit foreign author 
and particularly those of Venice and Genoa, who have calls the or 

the merit of this restoration ; and it is to their advan- Imtd, which was long ctmddirctl as the standing rule, 

tageous situation for navigation that they in great mea- only of the British amongfit tficm'iclve^, ina dm that 
sure owe their glory. In the bottom of the Adriatic were of other natiorw with whom they trafficked. 

* a great number of marshy islands, only separated by tmr- The progress of political and cmmnerciaUciencc, which 
row channels, but these vrell screened, and almost inac- gradually opened mciKS c>ch to the great principle that oil 
cessible, the residence of some fishermen, who here sup- trade is most healthy and [ i* - r. »:■ wht^i sulijcctcd to the 
ported themselves by a little trade in fish and salt, which fewest jx>s»ibk% ami those only the uhhi nece^**4ry, restric- 
they found in some of these islands. Thither the Veneti, resulted in the total rc[H'iil of tin h* famous tia^ igation 

a people inhabiting that part of Italy which stretches along laws in 1H46, since which pcriml trade wuh England ha^ 
the coasts of the gulf, retired, when Alaric, King of the been free and «j>en to all the world ; hut m far from British 
Goths, and afterwards Attila, King of the Iluns, ravaged shipping ami t*oum»crcc being injured or d.minidied, they 
Italy. have been more pronpcmiui »im*c that repeal than they wi re 

Tliese new islanders, little imagining that this was to be at any former pcriiHl, when maf»t carefully filtered by 
their fixed residence, did not think of composing any body pnncctivc kw». 

politic; but each of the seventy-two islands of this little The art of navigation him been cxtwdingly improved 

archipelago continued a long time under its separate mas- in modern times, kith with regard to tlic form of ilu? 

, ter, and each formed a distinct commonwealth. When sels themselves, and also with rci^pect to the im tlunh of 
their commerce had become considerable enough to occa- working them. The use of rowers is mw entirely htip^r* 
sion jealousy to their neighbours, they began to think of seded by the impruvruuut'i maile in the formation ol the 
uniting into a body ; and it was this union, first begun in sails, rigging, &c. ; by which mean^ nhip^ can not <»idy nail 
the sixth century, but not completed till the eighth, that much fkstcr than fi»nncr!y, hut <*an tack in any ihietiitm with 
laid the sure foundation of the future grandeur of the state the greatcht iaciliiy ; mid of Itu? year^i the extensive and 
of Venice. From the time of this union, their fleetsof mer- still growing employmeiic of steam m the j . , » ' fRiwer, 
chantmen were sent to all the ports of the Mediterranean ; whether applied t« "paiWh -wlu cU or ncrea .hi. Iitnhrr 
and at last to those of Egypt, particularly Cairo, a new placed the timriner l)e}ond the adverse relarding influence 
city built by the Saracen princes, on the eastern bank of of calm mid contiary win^ and baa tnimduced an element 
the Nile, where they traded for the spices and other pro- of certainty and pimctitality in commmiat intercminn? un- 
ducts of the Indies. Thus they flourished and increased known at any previmis |>criod, and invaluable m it 
their commerce, their navigation, and their conquests, till ihc interests of commerce. It h ato very cettain tiitl 
the league of Cambray in 1508, when a number of jeaious the ancients were neither m well sWled in finding die 
princes conspired to bring about their ruin. This was the latitudes, nor in steering tljcir venscU in pbces of dtffiraU 
more easily effected by the diminution of their East India navimion, as the moderns. But the grcalent advantage 
commerce, of which the Portuguese had got one part and which the modems possess over tlicimcicnts cimsists in the 
the French another. mariner’s compass, by which they are enabled to find their 

Genoa, which had applied itselfto navigation at the same way with more facility in the midst of an immeniurabk 
time with Venice, and that with equal success, was a long ocean, than the ancients could liave done by creeping along 
time its dangerous rival, disputed with it the empire of the coast, and never ^ing out of sight of land. Some 
the sea, and shared with it the trade of Egypt and other people indeetl contend that tliis is m new inventioii, but 
parts, both of the East and West. * But jealousy soon broke that the ancients were acquainted with \l They say, llial 
out;, and the two republics coming to an open rupture, it was impossible for Solomon to have sent ships m Ophir, 
there was almost continual war for three centuries. To- Tarshish, and ParvaUn, which last they itnagifie to fiave 
wards the end of the fourteenth century, the battle of been Peru, without thU useful infitminent They insist, 

Chioza ended the Strife. The Genoese, who till then had that it was impo.ssiblc for the ancients to tie acquainted 
usually the advantage, now lost all ; and the Venetians, re- witli the attractive virtue of fihe magnet, and to be igftCH 
duced almost to despair, secured to themselves, by one rant of its polarity; nay, they affirm that ihk i.f 

happy and unexpected blow, the foremost place in com- the magnet is plainly mentioned in the book of ui-t n* 
merce and the sole empire of the sea. the loatlstone is mentioned by the name of /qpor, or lAe«(fiWKi 

About the same time that navigation was retrieved in th^a turns But it is certain that the itomani who 
the southern parts of Europe, a new society of merchants conquered Judma were ignorant of tiib inibrYiiiient; and 
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History, it is very improbable that such a useful invention, if was entirely neglected, though translated also within a 
it had once been commonly known to any nation, would short time of the other. At that time the sj*stem of 
have been forgotten, or perfectly concealed from sucli a navigation consisted of an account of the Ptolemaic hypo- 
prudent people as the Romans, who were so deeply inter- thesis, and the circles of the sphere ; of the roundness of 
ested in the discovery of it. the earth, the longitudes, latitudes, climates, &c., and 

Amongst those who admit that the mariner’s compass is eclipses of the luminaries ; a calendar ; the method of 
a modern invention, it has been much disputed who was finding the ))rime, epact, moon’s age, and tides ; a de- 
the inventor. Some attribute the honour of the discovery scription of the conij^oss, an account of its variation, for 
to Flavio Gioia of Amalfi in Campania, who lived about the discovery of which Cortes said that an instrument 
the beginning of the fourteenth century ; whilst others con- might easily be contrived ; tables of the sun’s declination 
tend that it came from the East, and was earlier known in for four years, in order to find the latitude from his 



Europe. But at whatever time it was invented, it is cer- 
tain that the mariner s compass was not commonly used 
in navigation before the year 1420. In that year the 
science was considerably improved under the auspices of 
Henry, Duke of Visco, brother to the King of Portugal. In 
the year 1485, Roderick and Joseph, physicians to John 
II., King of Portugal, together with one Martin de Bohe- 
mia, a Portuguese native of the island of Fayal, and scholar 
of Regiomontanus, calculated tables of the sun’s declina- 
tion for the use of sailors, and recommended the astrolabe 
for taking observations at sea. Of the instructions of Mar- 
tin the celebrated Christopher Columbus is said to have 
availed himseUi and to have im[)roved the Spaniards in 
the knowledge of the art ; for the farther progress of which 
a lecture was afterwards founded at Seville by the Em- 
peror Charles V. 

The discovery of the variation is claimed both by Colum- 
bus and by Sebastian Cabot. The former certainly did ob- 
serve the variation, without having heard of it from any 
other person, on the 14th of September 1492, and it is very 
probable that Cabot might have done the same. At that 
time it was found that there was no variation at the Azores, 
where some geographers have thought pro[>er to place the 
first meridian, though it has since b^ecn observed that the 
variation alters in time. The use of the cross staff now 
began to be introduced amongst sailors. This ancient in- 
strument is described by John Werner of Nuremberg, in 
his annotations on the first book of Ptolemy’s Geography^ 
printed in the year 1514. He recommends it for observ- 
ing the distance between the moon and some star, in order 
thence to determine the longitude. 

At this time the art of navigation was very imperfect, 
on account of the inaccuracies of the plane chart^ which 
was the only one then known, and which, by its gross er- 
rors, must have greatly misled the mariner, especially in 
voyages far distant from the c(|uator. Its precepts were 
probably at first only set down on the sea-chArts, as is the 
custom at this day ; but at length two Spanish treatises 
were published in the year 1545, — one by Pedro de Medina, 
and the other by Martin Cortes, — which contained a com- 
plete system of the art, as far as it was then known. These 
seem to have beep the oldest writers who fully handled the 
art ; for Medina, in his dedication to Philip, Prince of Spain, 
laments that multitudes of ships daily perisiied at sea, be- 
cause there WTre neither teachers of Ihe art, nor books by 
which it might be learned ; and Cortes, in his dedication, 
boasts to the emperor that he w^as the first who had re- 
‘ duced navigation into a compendium, valuing himself much 
on what he had performed. Medina defended the plane 
chart ; but he was opposed by Cortes, who showed its er- 
rors, and endeavourea to account for the variation of the 
compass by supposing the needle to bo infiuenced bva 
magnetic pole (u^hich he called the point attractive)^ dif- 
ferent from that of the world, which notion lias been far- 
ther prosecuted by others, and is now generally accepted 
as true in the scientific world* Medina’s book was soon 
translated into Italian, French, and Flemish, and for along 
time served as a guide to foreign navigators. Cortes, how- 
ever, was the favourite autlmr of the English nation, and 
was translated in the year 1561 ; whilst Medina’s work 


meridian altitude ; directions to find the same by certain 
stars ; of the course of the sun and moon ; the length 
of the days ; of time and its divisions ; the method of find- 
ing the hour of the day and night ; and, lastly, a description 
of the sea chart, on which, in order to discover w’here the 
ship was, they made use of a small table, which showed, 
upon an alteration of one degree of tlie latitude, how many 
leagues were run in each rhumb, together with the departure 
from the meridian. Some other instruments were also 
described, es[>ecially by Cortes ; such as one to find the 
place and declination of the sun, with the days and place 
of the moon ; certain dials, the astrolabe, and cross staff ; 
together with a complex machine to discover the hour and 
latitude at once. 

About the same time proposiils were made for finding 
the longitude by observations of the moon. In 1530 
Gemma Frisius advised the keeiiing of time by means of 
small clocks or watches, which were then, as he says, newly 
invented. He also contrived a new sort of cross staff, and 
an instrument called the riautkal madranty which last was 
much praised by William Cunningham in his Asirommicai 
Glcm^ printed in the year 1559. 

In the year 1537, Pedro Nunez, or Nonius, published a 
book in the Portuguese language, U> explain a difficulty in 
navigation nroposeU to him by the commander Don Martin 
Alphonso ue Susa. In this lie exposed the errors of the 
plane chart, and likewise gave the solution of several curi- 
ous astronomical problems, among.st wliiclx was that of 
determining the latitude from two observations of the sun’s 
altitude ana the intermediate azimuth. He observed, that 
although the rhumbs are spiral lines, yet the direct course 
of a ship will always be in the arc of a great circle, where- 
by the angle wnth the meridians will continually change ; 
and hence all that the steersman can here do for the pre- 
serving of the original rhumb, is to correct these devia- 
tions as soon as they appear sensible. But in reality the 
ship will thus describe a course without the rhumb line in- 
tended; and therefore his calculations for assigning the 
lutimde, where any rhumb line crosses the several meri- 
dians, will be in some measure erroneous. He invented a 
method of dividing a quadrant by means of concentric circles, 
whicli, after having been much improved by Dr Halley, is 
used at present, and is called a nonius. 

In the year 1577, William Bourne published a treatise 
in which, by considering the irregularities in the moon’s 
motion, he snowed the error of the sailors in finding her age 
by the epact, and also in determining the hour from ob- 
serving on what point of the compass the sun and moon 
appeared. He advised, in sailing towards high latitudes, 
to keep the reckoning by the globe, as there the plane 
chart was most erroneous. He despaired of our ever being 
able to find the longitude, unless die variation of the com- 
pass should be occasioned by some such attractive point 
as Cortes had imagined, of which, however, he doubted ; 
but as he had shown how to find tlie variation at all times, 
he recommended to keep an account of the observations, as 
useful for finding the place of* the ship ; and this advice was 
prosecuted at large by Simon Stevin, in a treatise published 
at Leyden in 1599, the substance of which was the same 
year printed at London in English by Edward Wright, 
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entitled the SaDen-finding Art In this ancient tract is 
also described the method by which our sailors estimate 
the rate of a ship in her course, by an instrument called 
the log. This was so named from the piece of wood or log 
which floats in the water, whilst the time is reckoned during 
which the line that is fastened to it is veering out. The 
inventor of this contrivance is not known ; but it was first 
described in an account of an East India voyage published 
by Purchas in 1607, from which time it became famous, and 
was much taken notice of by almost all writers on naviga* 
tion in every country. It still continues to be used as at first, 
although many attempts have been made to improve it, and 
contrivances proposed to supply its place, many of which 
have succeeded in quiet water, but proved useless in a 
stormy sea. 

In the year 1581 Michael Coignet, a native of Antwerp, 
published a treatise, in which he animadverted on Medina. 
In this he showed, that as the rhumbs arc spirals, making 
endless revolutions about the poles, numerous errors must 
arise from their being represented by straight lines on the 
sea charts 5 but although he hoped to find a remedy for 
these errors, he was of opinion that the proposals of Nonius 
were scarcely practicable, and therefore in a great measure 
useless. In treating of the sun’s declination, he took notice 
of the gradual decrease in the obliquity of the ecliptic; he 
also described the cross staff with three transverse pieces, 
which he admitted were then in common use amongst the 
sailors. He likewise described Some instruments of his 
own invention ; but all of them are now laid aside, except** 
ing perhaps his nocturnal. He constructed a sea table to 
be used by such as sailed beyond the sixtieth degree of 
latitude ; and at the end of the book is delivered a method 
of sailing upon a parallel of latitude by means of a ring dial 
and a twenty-four hour glass. The same year the discovery 
of the dipping-needle was made by Robert Norman. 
In his publication on that subject he maintains, in opposition 
to Cortes, that the variation of the compass was caused by 
some point on the surface of the earth, and not in tlie hea- 
vens ; and he also made considerable improvements on the 
construction of compasses themselves, sljowing especially 
the danger of not fixing, on account ol* the variation, the 
wire directly under the ^^cur de, as compasses made in 
different countries have it placed differently. To this |>cr*- 
formance of Norman’s is prefixed a discourse on the varia- 
tion of the magnefical needle, by William Burrough, in 
which he shows now to determine the variation in many 
different ways, and also points out many errors in the prac- 
tice of navigation at that time, speaking in very severe 
terms concerning those who had published upon it. 

^ During this time the Spaniards continued to publish trea- 
tises on the art. In 1685 an excellent Compmdiwn was 
published by Roderico Zamorano, and contributed greatly 
towards the improvement of the art, particularly in the sea 
charts. Globes of an improved kind, and of a much larger 
size than those formerly used, were now constnictcd, and 
many improvements were made in other instruments; never- 
theless, the plane chart continued still to be followed, tliough 
its errors were frequently complained of. Methods of re- 
moving these errors had indeed been sought after; and 
Gerard Mercator seems to have been the first who found 
the true method of effecting this, so as to answer the pur- 
poses of seamen. He represented the degrees botli of lati- 
tude and lon^tude by parallel straight lines, but gradually 
augmented the space between the former as they approached 
the pole. Thus die rhumbs, which otherwise ought to have 
been curves, were now also extended into straight lines; 
and tlius a straight line drawn between any two places 
marked upon the chart formed an angle with the meridians, 
expre^ing the rhumb leading from the one to the other. 
But although in 1569 Mercator published a universal 
constructed in this manner, it does not appear that he wi® 


acquainted with the principles upon wliicft tliifi procwled ; 
and it is now generally believed, that the true m 

which the construction of what is called iVemirorV ( !hari 
depends, were first di.^covered h> Kdward Wright, m 
Englishman. 

Wright suppo«c<l, hut, according to the grnenil opi- 
nion, without sufficient grounds, that this enlargement of 
the degrees of latitude w as known and mentiomd by Flo- 
lemy, and tliat the same thing )md also been sfmkefi of by 
Cortes. The expressions of Ftoleiny alluded to rehite, in- 
deed, to the proportion between the dii^tances of the itaral- 
lelsand meridians; but imteatl of pntp* any gradual 
widening between the |>arallels<»f latitude in .i ; ^ * *. *v!, 

he speaks only of particular majM, and iwKwm not bi con- 
fine a system of such maps to one and the name aerate, iiiti 
to plan them out by a different measure, m oera'^ion might 
require ; with tfiis precaution, however, that the degree# of 
longitude in each should bear some nmjairtioii tu ituiHi* of 
latitude, and this proprtion wm to m iledu€i*ii from that 
which the magnitude of the resiiective paralWa Imre to a 
great circle of the sphere. lie added, ilmt, In (Hirticular 
maps, if this pmixirtbn lie observeil with regard to the 
miudle parallel, the inconvenience will not he* great, al- 
though the nutrldians Hhmild bc< straight lirtr>« to 

each other. But here he is u»ilcr#tmid only to inran, that 
the maps should in some measure reprixent the figures of 
the countries for wbicli they are tlrawii. In the* mtm 
Mercator, who drew maps for Ftolemy’s tables, under?»iood 
him ; thinking it, however, m\ impruvemeui not to regu- 
late the meridians by one parallel, but by two, mm distant 
from the nortlitrn, the other from the #niuhini extremity 
of the map, by a fourth jmrt the w hole depth ; by which 

means, in his maps, attbough tlie mrrifiian^ are straight 
lines, yet they are generally drawn truhning to tarli other 
towards the poles. With rtgard to Cnrtt% he vpeaks only 
of the number of degrees of latituile, ami not of the extenl 
of them; nay, lie gives exprtiui directions tir4 they 
all be laid down by tiieasttrement m a ale of 
leagues atlapted to the map* 

For some time after the apjmimner i*f Mrrrat«i^r\ iiu|i 
it was not rightly underhiomb and it was even Umogbt 
be entirely uselcHS, if not tlelrimenul. lioweier, allsnit 
the year 1592 its ntiliiv began u# he jarecivui ; and si^ven 
years afierwardfi Wright printed hi# knmm trealisif tni* 
titled Th^ i'f n rUim Hrr^n in 

where he fully exfdaint^il the reaixm of extemtfiig tW iefig|}i 
of the parallels of laiitude» and the ihc*? thuvof towivi- 
gatoti* In 1610 a iiecoitd edilkm of Wrighf 4 book was 
publidied, with imprevemi nt#, Ati excellent methmi wm 
propoiicd of detennimng the m.ignitudt uftlie wtlu and m 
the sumo time it was jmiu.kmdy propmied to imboitr nmi- 
mon measures in uu i.iu; to a degree on tu snrfatTC, 
that they might not depend on the uncertain length of 1 
barleycorn. Amongst his other improvements may he mt ii- 
tioned die Table of latitudes for Dividing t)ie Meridiim 
comjmted to Minutes, wlitTeas it bad been only divided to 
every tenth minute. He also publidied a dmripitnn of tifi 
instrument which he calls the $m r%a, by which the vari- 
ation of the compass, the altitude of the mn, and ilie time 
of tlie day, may 4 once readily be determiiietl an any place, 
provided the latitude is known. He ato showed Iwnw to 
correct the errors arising from th. t i ! i 

observing by the cross staff. In ]■?<;, i.: 

1596, and 1597, he mnended tbt- tab!i If t!i t:.; r; . 
and pla^ of the sun and stars from bis own observaiions 
mi^e with a six-feet quadrant, a sea quadrant to take ahi* 
tud^ by a forward or backward observation, and hkewise 
with a contrivance for the ready finding of die latitude ^ 
the height of the pole-star, when not upon the meridBaii. 
To this emdon was subjoined a translation of Zamorano^ 
Con^pendium^ above mentioned, in which he corned iom# 
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mistakes in the original, adding a large table of the varia- 
tion of the compass observed in different parts of the 
world, in order to show that it was not occasioned by any 
magnetical pole. 

These improvements soon became known abroad. In 
1608 a treatise, entitled Hypomnemata Mathematical was 
published by Simon Stevin for the use of Prince Maurice. 
In the portion of the work relating to navigation, the au- 
thor treated of sailing on a great circle, and showed how 
to draw the rhumbs on a globe mechanically ; he also set 
down Wrighfs two tables of latitudes and of rhumbs, in 
order to describe these lines more accurately; and even 
pretended to have discovered an error in Wright’s table. 
But Stevin’s objections were fully answered by the author 
himselfi who showed that they arose from the rude method 
of calculating made use of by the former. ^ * 

In 1624 the learned Willebrordus Sncllius, professor of 
mathematics at Leyden, published a treatise of naviga- 
tion on Wright’s plan, but somewhat obscurely ; and as he 
did not particularly mention all the discoveries of Wright, 
the latter was thought by some to have taken the hint of all 
his discoveries from SnclHus. But this su})position has been 
long ago refuted; and Wright’s title to the honour of those 
discoveries remains unchallenged. 

Having shown how to find the place of the ship upon 
his chart, Wright observed that the same might be per- 
formed more accurately by calculation ; bxit considering, 
as he says, that the latitudes, and especially the courses 
at sea, could not be determined so precisely, he forbore 
setting down particular examples; as the mariner may be 
allowed to save himself this trouble, and only to mark out 
upon his chart the ship’s way, after the manner then usually 
practised. However, in 1614, Ilaphc Handson, amongst 
the nautical questions which he subjoined to a translation 
of Pitiscus’s Trigmometm/^ solved very distinctly every 
case of navigation, by applying arithmetical calculations to 
Wright’s Tables of Latitudes^ or of Meridional Parts, as it 
has since been called. Although the method discovered by 
Wright for finding the change of longitude by a ship sail- 
ing on a rhumb is the proper way of performing it, Iland- 
son also proposes two methods of approximation without 
the assistance of Wright^s division oi the meridian line. 
The first was computed by the arithmetical mean between 
the cosines of both latitudes ; and the other by the same 
mean between the secants, as an alternative when Wright’s 
book was not at hand ; although this latter is wider of the 
truth than the former. By the same calculations also ho 
showed how much each of these compends deviates from 
the truth, and also how widely the com])utati<)ns on the 
erroneous principles of the plane chart differ from them 
all. The method generally used by our sailors, however, 
is commonly called the middle latitude, which, although it 
errs more than that by tlie arithmetical^ mean between the 
two cosines, is preferred on account of its being less oper- 
ose ; yet in high latitudes it is more eligible to use that 
of the arithmetical mean between the logarithmic cosines, 
equivalent to the geometrical mean between the cosines 
themselves— a method since proposed by John Bassat. 
The computation by the middle latitude will always fall 
short of tne true change of longitude, that by the geome- 
trical mean will always exceed ; but that by the arithme- 
tical mean falls short in latitudes of about , and exceeds 
in lesser latitudes. However, none of these methods will 
differ much from the truth when the change of latitude is 
.sufficiently small- 

About this period logarithms were invented by John 
Napier, Baron of Mcrchiston in Scotland, and proved of 
the utmost service to the art of navigation. From these 
Edmund Gunter constructed a table of lo^rithmic sines 


and tangents to every minute of the quadrant, which he History, 
published in 1620. In this work he applied to navigation, 
and other branches of mathematics, his admirable ruler 
known by the name of Gunter’s Scale, ^ on which are de- 
scribed lines of logarithms, of logaritlimic sines and tan- 
gents, of meridional parts, &c. ; and he greatly improved 
the sector for the same purposes. He also showed how to 
take a back observation by the cross staff, by which the 
error arising from the eccentricity of the eye is avoided. 

He likewise described another instrument, of his own in- 
vention, called the cross how, for taking altitudes of the 
sun or stars, with some contrivances for more readily find- 
ing the latitude from the observation. The discoveries 
concerning logarithms were carried into France in 1624 by 
Edmund Wingate, who published two small tracts in that 
year at Paris- In one of these he taught the use of Gunter’s 
scale ; and in the other, that of the tables of artificial sines 
and tangents, as modelled according to Napier’s last form, 
erroneously attributed by Wingate to Briggs. 

Gunter’s scale was projected into a circular arch by the 
Heverend William Oughtred in 1633 ; and its uses were 
fully shown in a pamphlet entitled the Circles of Propor^ 
iion, where, in an appendix, several important points in 
navigation are well treated. It has also been made in the 
form of a sliding ruler. 

The logarithmic tables were first applied to the different 
cases of sailing, by Thomas Addison, in his treatise en- 
titled Arithmetical Afavigatmi, printed in the year 1623. 

He also gave two traverse tables, with their uses ; the one 
to quarter points of the compass, and the other to degrees. 

Henry Gollibrand published his discovery of the changes 
of the variation of the compass, in a small quarto jjamphlet, 
entitled A Discourse Mathematical ofi the Variation of the 
Magnetical Needle, printed in 1633, This extraordinary 
phenomenon he found out by comparing the observations 
which had been made at different times near the same 
place by Burrough, Gunter, and himseUJ all persons of 
great skill and experience in these matters. This discovery 
was likewise soon known abroad ; for Athanasius Kircher, 
in his treatise entitled Magms, first printed at Home in 
the year 1641, informs us that he had been told of it by 
John Greaves, and then gives a letter of the lamous 
Marinus Mersennus, containing a very distinct account ot 


the same. 

As altitudes of the sun are bikcn on shipboard by ob- 
serving his elevation above the visible horizon, to obtain 
fVom these the sun’s true altitude with correctness, Wright 
observed it to be necessary that the dip of the visible hori- 
zon below the horizontal plane passing through the ob- 
server’s eye should be brought into the account, which 
cannot be calculated withotit knowing the magnitude of the 
earth. Hence he was induced to propose difierent methods 
fur finding tins ; but he complains that the most effectual 
was out of his power to execute, and therefore he contented 
himself with a rude attempt, in some measure sulficicnt for 
his purpose. The dimensions of the earth deduced by him 
corresponded very well with the usual divisions of the log- 
line ; nevertlieless, as he did not write an express treatise 
on navigation, but only for correcting such errors as pre- 
vailed in general practice, the log-line did not fall under 
his notice, llichard Norwood, however, put in execuUon 
the method recommended by Wright as the most perfect 
for measuring the dimensions of the earth, with the true 
length of the degrees of a great circle upon it; and in 
1635 he actually measured the distance between London 
and York ; ffom which measurement, and the summer sol- 
stitial altitudes of the sun observed on the meridian at both 
places, he found a degree on a great circle of the earth 
to contiun 367,196 English feet, equal to 57,300 French 


^ See OirxTB»’s Scalu. 



6 NAVIG 

History, fathoms or toises ; which is very exact, as appears from 
many measurements that have been made since that time* 
Of all this Norwood gave a full account in his treatise 
called the Seamarfs Practice^ published in 1057. He 
there showed the reason why Snellius had failed in his 
attempt ; and he also pointed out various uses of Iiis dis- 
covery, particularly for correcting the gross errors hitherto 
committed in tlie divisions of the log-line* But necessary 
ahiendments have been little attended to by sailors, whose 
obstinacy in adhering to established errors has been com- 
plained of by the best writers on navigation* This im- 
provement, however, has at length made its way into prac- 
tice ; and few navigators of reputation now make use of the 
old measure of forty-two feet to a knot. In this treatise 
Norwood also describes his own excellent method of set- 
ting down and perfecting a sea reckoning, by using a tra- 
verse table, which, method he had followed and taught for 
many years. He likewise shows how to rectify tlie course, 
by taking into consideration the variation of the compass ; 
as also how to discover airrents, and to make proper lUtow- 
ance on their account This treatise, and another on 
Trigononoetry, were continually reprinted, as the principal 
books for learning scientifically the art of navigation* Wfiat 
he had delivered, especially in the latter of them, c:<juft‘rning 
this siibject, was abridged as a manual for sailors, in a very 
small work called an Epitome t which useful {icrformature 
has gone through a great number of editions. No ulti ratious 
were ever made in the lAeammie Pntclice till die twelftli 
edition in 1676, when the following [lar.igraph was inserted 
in a smaller character “ About the year 1672, Monsieur 
Picart has published an account in French concerning the 
measure of the earth, a breviate whereof may be seen in 
the Pkihsophical Transactiorisy No. 1 12, wherein he con- 
cludes one degree to contain 365,184 English feet, nearly 
agreeing with mr Norwood’s experiment f and tins adver- 
tisement is continued through the subsi^queiit editions as 
late as the year 1732. 

About the ye^ir 1645, Bond published, in Norwcxid’s 
Epitome, a very groat improvement of Wright’s method, 
from a property in liis meridian line, whereby the (iivinions 
are more scientifically assigned than the author himself 
was able to efiect. It resulted irom this the{)remy that 
these divisions are analogous to tiie excesses of Uie loga- 
rithmic tangents of hiuf the respective latitudes aug- 
mented by 46® above the logarithm of the radius. This 
he afoerwards explained more fully in dte tiitrd edition of 
Gunter’s works, printed in 1653, where he observed that 
the logantlimic tangents from 45® upwards increase in tlie 
same manner as the secants do adaed together, if every 
half degree be accounted as a whole degree of Mercator’s 
meridional line* His rule for computing tljc meridbnal 
parts belonging to any two latitudes, supjmscd to be on 
the same side of the equator, is to the following elTcct * 

Take the logarithmic tangent, rejecting the radius, of luilf 
each latitude, augmented by 45^; divide Urn difference 
of tliose numbers by the logarithmic tangent of 45® 
the radius being likewise rejected, and the quotient will be 
the meridional parts required, expressed in degrees.” This 
rule is the immediate consequence of the general' theorem, 
that the degrees of latitude bear to one degree (or sixty 
'minutes, which in Wright’s table stand for the meridional 
parts of one de^ee) the same proportion as the logaritlimic 
tangent of halt any latitude augmented by 45®, and tiie 
radius neglected, to tlie like tangent of half a degree aug- 
mented by 45® , with tlie radius likewise rejected* But 
here there was stiE wanting the demonstration of diis 
^neral theorem, whicli was at lengtli supplied by James 
Gregory of Aberdeen, in hb Exercitaiiones Geomeirioee, 
printed at London in 1668; and aflerwartls more con- 
cisely demonstrated, togeUier with a scientific deterpi- 
nation of the divisor, by Dr Halley, in the Phiheofkhtd 
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Tramaetiom fur 1695 (No. 219), from the consideration ... 
of the spirals into which the r!mmb?s are trauhfiwmed in the 
stexeographic projection of the sphere ufmri the plane of 
the equinoctial, and which h rendered Htill iiuwe mmple 
by Koger Cotes, in hi^ fdujmnetrin, firnt putdidied in the * 
Philosophiml Transmtiom for 1714 (Sih 3Hh). It U, 
moreover, added in GuntvrV b«M»k, that if of thi*i divi- 
sion, which docs xuit sensibly differ from ihr logarithmic 
tangent of 45® 1' Stf, with the vmWm t^uhtracted from it, 
bo used, the quotient will exhibit the meridional \mu ex- 

S eased in leagues ; and this is the tliviiior mi down in 
brwood’s ii/nfoiiie. After the same manner, the meridi- 
onal parts will bo faumi in minutcii, if the like ! * 
tangent of 45® 1’ 30*, diminbhed by the radius, tn* biken ; 
that is, the number uml by others being I2fk13, wbon the 
logarithmic tables consist of eight places of figuri*s beiides 
the index. 

In an edition of a Imolc called the Smmm*M AWcwrfnr, 
Bond declared tliai he had distwered the longitude by 
having found out the true theory of the magnelie variation ; 
and to gain credit to his as^sirriion, he foretold, tliai at I .on- 
don in 1657 tin re would be no variation of llw compiles, 
and from that time it would gradually inm^ the other 
way; which happened acconhngly* ^ Again, in the 
sophicnl Imtmit'iimts for (No. 4G), ht? piitdished a 
table of die variation forforty-nnie years to come. Thus 
ho acquired such reputation, that hk eotnled Tkn 

L^fi^itwk Fmnd, was, in the year MiTti, puhhdied by tin? 
special command of diaries II., and approurd by many ce- 
lebrated mathemaiieians* It was not hmg* however, 
it met with opminition ; ami in the year ItJTH another trea’» 
tise, entitled TAe mi tnade its appttar* 

anee; and as Bond’s by}aiiheds did not an-twer in aiiihi»r*s 
sanguine ex|H*ctaiions, the ?»o!utifin of the diSieuliy wav un- 
dertaken by Dr Halley* ’fhe result of his vjieeubiton was, 
that the m^netic needle hi infliienmi t»y tour pies ; ttut 
this wonderful phenomenon setfins hithirio to have ehidist 
all our researches. (See M In ITW, however, 

Dr Hatley published a gentrai map, with curve lines 
pressing the faiths where the inagnette nwlle had the saim* 
variation; whicli was received with univiml afifdatise* 

But as tlie imsiticms of these curves vary from time to 
time, tliey should fo ^ correrted by vkdftil twrnms 
as was done in 16; t I i7“ \ by Mountain and iJNxtwin. 

In the Philm&phkal Trammimm for Dr Halley 
also gave a dm^nation nn the tvmnanonti containing titany 
very useful obsermioiii l!xr miid Sn s to 

dieiNi windi* 

After tile true prindpWts of the art wm settUxI by 
Wright, Boii4 *uid Nora mid, new ittiprovimuits mm 
daily ix^e, and t., : relative to it was sritled with 

an acxmraey not only unknown to former ages, but which 
would have been reckoned utterly tm{X)asible. The earth 
being found to be, not a perfect sfdiere, but a sfilieroid, 
with tlm sliortatt diameter passing Uirongh the poles, a 
tract was published in 1741 by the iteverend Dr Patrick 
Murdoch, wherein he accotntuodated Wrtghi’s laittfig to 
such a figtwe ; and the same year Colin Maclattrin, In the 
Phiheophkd Tmmmimm (Mo. 461), gave a nute for 
determining the meridional parts of a iptumidt wbkh 
sp^ktion is fartlier treated of In his Imk of Fltudmiiy 
printed al; Edinburgh in 1742, and in Delamktk 4ilro- 
nomp (t* Ui*, du xxxvi*}. 

Amongst dm later discoveriet in uaviiratiotu tisat of find- 
ing the longitude, both by lunar observations and by lime- 
keepers, is the mincqwi. It is b.i < !;it f!;. ti* the rewadb 
offered by the British Parliamitit rlM L> attaindi the 

B nt degree of pericetioo. We are indebted to Dr 
dyne Icht nutting the first of ihcae methodb in piw- 
dee, and for otner in oavigN^n* 

The dme-keepers coruumeted by Hamson for itib 
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Fracttco of purpose were found to answer so well that he obtained the The works which have latterly appeared on navigation are Pxelimin- 
Kaviga- parliamentary reward. These have been improved by Ar- those on the longitude and navigation by Mackay, Inman, 
tion. iiold, Earnsliaw, and many others, so as now to be almost Riddle, Norie, Jeans, and others ; and these contain every 
in common use. necessary requisite to form the practical navigator, 
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coNTAmma toe tarious methods of sailing. 

The art of navigation depends upon mathematical and 
astronomical principles. The problems in the variotis 
modes of sailing are resolved either by trigonometrical cal- 
culations, or by tables or rules fbrmeu by the assistance of 
plane and spherical trigonometry. By mathematics the 
necessary tables are constructed and rules investigated for 
performing the more difficult parts of navigation. 

The places of the sun, moon, and planets, and fixed 
stars, are cU*duced from observation and calculation, and 
arranged in tables, the use of which is absolutely necessary 
in reducing obstTvations taken at sea fi>r the purfiose of 
ascertaining the latitude an<l longitude of the ship and the 
variation of the tjompaas. The inventigation of tlie rules 
rcquire<l for this purposes belongs properly to the science 
of Ayruns-oMv, to which the reader is referred. A few tables 
are given at the end of this article, but as the other tables 
nt*ce:!MU‘y for the practice of navigation are to be found in 
almost every treatise on this subject, it seems unnecessary 
to insert them in this place# The subject naturally divides 
itself under two heads The methods ofconductinga 

ship from one ixirt to another by hel|> of nileK, in which tne 
log-line and compass are alone required, Which is Nari^a* 
iim properly so called. AVw/irf, The method of ascertain- 
ing the ship’s latitude and longitude, and variation of com** 
pass, by means of observations on the heavenly bodies ; and 
the rules for that purjH^setledueed from astronomy, in order 
to correct the ship’s place, and the courses derived from 
the former method, to which tlie name of JSIauiimi AHro-^ 
namjf b generally applied# Although the reader is referred 
to the rt»s[H*ctive artUrles on the science* on which naviga- 
tion I* founded in this work for complete information, we 
shall, nevertheless, endeavour to make our explanation of the 
several rules as complete as possible, even at the risk of re- 
{H'ttting s<miewhat the substance of portions of our other 
articles. 
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SECT I# — ON LAtlTtlDE AND r#ONornJDK ? DRFINmON OF 
TXttM» mm m NAYKUTIOH J and OENKIUt jRXFLANA- 
TIONS. 

w 

]# iMiimk and 

The aituation of a plao?, or any object on the earth’s 
surface, is estimated by its distance from two imaginary 
lines on dmt surface intersecting each other at riglit angles. 
The one of these i« called the liquaior^ and the other the 
Fmi Tlie situation of the equator is fixed ; 

but that of the first meridian is arbitrary, and tbm*efore 
different nations assume different first meridians. In Great 
Britafn we assume that to be the first meridian which passes 
through the Royal Observatory at Greenwich# 

The equator Is a great circle on the eartlfs surface, every 
point of which is equally distant from the two pies or the 
extremities of the wbicn the earth 

makes her diumal rotation# It tbere^ divides the earth 
into two equal pitt% called the Nm^kim and the Stmdkem 
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ITemispkeres, according as the North or the South Pole 
lies within them. 

The latitude of a place is its distance from the equator, 
reckoned on a meridian in degrees, minutes, and seconds, 
and decimal parts of seconds (if necessary), being either 
north or south, according as it is the Northern or Southern 
Hemisphere, Hence it appears that the latitudes of all 
places are comprised within the limits 0® and 90^ N., and 
0® and 9if S. 

The first meridian, which is a great circle passing 
through the poles, also divides the earth into two equ5 
portions, called the Eastern and Western Hemispheres^ ac- 
cording as they lie to the right or left of the first meridian ; 
the spectator being suppsed to be looking towards the 
north. 

The longitude of a place is the arc of the equator inter- 
cepted between tlie first meridian and the meridian of the 
given place reckoned in degrees, minutes, and seconds ; 
and is either east or west as tlic place lies in the Eastern or 
W<*4c*rn IIiaif^pluTt* res[K‘ctively to the ^lr^t meridian. The 
hmgitmir* ofall i>la(‘f*s on the earth's surlace is comprised 
witiiiu the hmitHol'O ' and IbU’’ E., and O’ and ISO® W. 

On the suppsition that the earth is a sphere, the length 
of all arcs of great circles upon it subtending an angle of 
1** at the centre are equal ; hence 1' of latitude or longi- 
ttide is etjual to one geographical or nautical mile, of which a 
degree contains 60. Hence intervals of latitude and longi- 
tude, reduced to minutes and parts of minutes, also repre- 
mnt the same number of nautical miles and parts of a 
nautical mile# 

In the practice of naviffation, the latitude and longitude 
of the place which a ship leaves, are called the latitude and 
longirude from ; and the latitude and lonmtude of the p!a<^ 
at which it has arrived, are called the latituaeandlanjptudc t«« 


r 
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2 # Definitims tf Term md in Nmngation^ md 
Mgskmedwm- 

Let QR ••.V be a portion of the equator, P the pole, mi 

PAQ, PBR, PCS .PFV* be meridians supposed very 

near to one aiuuher, pas-sing through points A, B, C, D, E, P, 
the line AF being the path traced out by a vessel in pass- 
ing from A to suen that it makes equal aisles with 
every meridian over which it passes# From B, C, 0, 
ik BH, Cl, 0K, EL, &c^ be drawn periMaoxllc^ to the 
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Prelimin- two meridians between which they respectively lie ; or, in 
ary Prin- other words, be arcs of small circles or parallels of latitude 
through the points B, C, &c. These are consequently all 
' parallel to one another, and to FG the whole arc of the 
parallel at F included between the extreme meridians 
PAQandPFV. 

The constant angle at which tlie line AF is inclined to 
the successive meridians, vix., BAP, CBP, DCP, is 
called the course. Also, if the small circles or parallels at 
B, C, &c., be continued to the meridian PAQ, the portion 
of this meridian intercepted between any two consecutive 
parallels, as cd^ will be equal to CK, the distance between 
the parallels through C and 1 ) ; and so on for all. Hence 
the sum of these distances, All + BI + CK + DL + EM « 
AG ; which is called the true d^irence of latitude^ or true 
di£ lat* from A to F. 

The corresponding arcs of parallels at different latitudes 
intercepted between the same meridians are not equal, but 
gradually decrease from the equator to the poles. Hence 
the sum of the arcs BH -f Cl •+• DK + EL -p FM is less than 
QV, the intercepted arc of the equator, but greater than 
FG, the arc of the highest parallel intercepted between 
PAQ and PFV. 

BH 4 -CI+ DK+ EL + FM is called the departure; 
the arc QV of the equator is the difference of lonffitude ; 
and AF, the curve described by the vessel in passing from 
A to F, is called the distance. 

In navigation, each of the triangles ABH, BCI, &c-, is 
considered as a plane triangle; and as each of them h 
right-angled, and contains, besides, one constant angle, viz., 
the course, the other angle in each must also be constant; 
and all the triangles will be equiangular and similar. 
Hence we have 

AH ; BH : AB : : AH : BH : AB 


BI : Cr : BC All : BU : AK 
CK : DK : CD ; ; AH : BH : AB 


8cc, 


&e. 


See, 


EM : FM : EF : ; AH : BH : AB. 

.And since, when any number of quantities are in con- 
tinued proportion, as the first consequent is to its antece- 
dent, so are all the consequents to all the untccedentH; 
we have 

AH+BI+CK+ «co, ! Bn+CI4*1>K4- Ac. ; AB+BC+CD-p Ac, 
::AH:BH:AB. 

But AH+BI 4- CK"f &c,s» AG the true diff, lat* 

BH 4 Cl 4 DK 4 See , « the departure, 

AB 4 BC 4 CD 4 &c,= AF or the distance. 

Hence the true difference of latitude, departure, and dis- 
tance, may be considered as the sides of a right-angled 
triangle, similar to each of tlie small triangles ; the angle 
of which, therefore, between the true 3 ^ 
difference of latitude and distaime, is 
the course. 

Take AB (% 2 )s=the true diff. lat. 

Draw BC at right angles to it® de- 
parture. Join AC. Then AC is tlie 
distance, and BAC is the course. 

From this it appears, that when any 
two of tbefour quantities, true difference 
of latitude, departure, distance, and 
course are ^veh, the remaining two 
can be found by solving the right- 
angled triangle ABC. 

1. Given (»une (BAC) and distance (AC), to find true 
difference of latitude (AB), and departure (BC). 

ABasACcmiBAC 
BCswAC sin BAC, 

true diff. lat (in miles) wdist x cos coume . (i.) 
and departure «distxsm course . (n.) 
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Or in logarithms, 

log. true diff. lat. = log. dist. 4 L cos course - 10 , 

where L means tahtihir logarithm, i>,, logarithm incrcitHd 
by 10 ; and log. dep, ==Iog, dist. 4 L jsin courjvc- 10* 

2. Given course (BAC’) and true difference of latitude 
(AB^ to find di.stance and departure. 

AC’K-ABxsec BA(’ 

BV^Anxtmt BA(’; 

or dist.sstriie diff. hit. x sec e<mrH? .... (in.) 
dep.=tr«e diff. lat. x tan course .... {n .) 

3. (Bven course and departure, to find distance atid true 
difference of latitude. 

AC^rBC xcosi^c BAC 
AB«HC xait BAC; 

or dist.»dep. xcoiicc cour«e . . * G\) 
and true diff. lat »dep.x cot course . . . . 

4. Iiiven distance and true difference of latitude, tind 
course and departure. 

Cm BAC«=*^^! ; 

or cm»iue course s® true diff !ai,^. dist (vit) 
And the course having been found, we get 
dcp.asdist, X sin course by Ot 1 

Given tlie distance and de|wture, to find du* cmir 
and true difference of latitude. 

Br 

Sin BAC »» 


AC ’ 


, . dii^tanee 


iviii.) 


Tan BAC = 


xjnr 


(U.) 


And then we have 

true diff. lat. sr dist. x courx*. 

(>, Given the true difference of ialiiude and iU; 
tu find the course and dihtanie. 

BC 
AB 

or tan t h ; iif u.* 4- true diff. Ui. . 

And having found the cmirne, wir have 

di\t, true diff. hit. x m c course hy (ui. * ; 

<4r diftt def^. x coh c h) t v 

Length of Arc of V tf PamUtk $0* Jmiiinde. 

\Vc have already stated tliat tlie lengtlnt of the paraHeU 
of latitude dttttittyi ta the lull* 
tilde increases. In fact^ it de- 
creases in the ratio of cosine la- ^ ' ^ 

titude to unity. / ^ " \ 

Let EQ be the equator, PCP / i > ^ 

the polar diameter of the earth c 
passing through Ciund LML'any 
narfdleioflatitude. Let the angle 
ECL, or the latitude, be 4 and let 
LM and EF be tfie arc* of the 
parallel and of the et|iialor in- p* 

teroepted between the meridiaiH % 

PEF and PFP. Then angle ECF wangle LOM, betfau^** 
they ^tli measure the attgie between tlie phnim of tin? two 
meridians. Hence 

arc LM : arc EF ; : OL : CE : ; OL : CL, becatise CE ^ CL; 
01 

or arc LM «arc EF x J «arc EF x mn OCL 

«arc £F X cos LCE ware EF x cos I 

Hence if FE be tlie lenttlt of an arc ofbngitudt al lilt 

equator, or 60 mile*, jLM the length of an arc 
In latitude f »60 x co* 4 


ary Prla- 
cipltx. 
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Prelimin- Middle Latitude. 

departure is less than VQ (fig. 1)> the intercepted arc 
of the equator, or than the intercepted arc of the parallel 
through A ; but it is greater than FG. But since the arc of 
the parallel gradually decreases from A to F, there is some 
point intermediate in position between A and F (y), the in- 
tercepted arc of the parallel of which will be exactly equal to 
the departure. The exact determination of this point is not 
very easy. Various methods have been proposed to deter- 
mine this latitude nearly, with as little trouble as possible : 
first, by taking the arithmetical mean of the two latitudes 
for that of the mean latitude 5 secondly, by using the arith- 
metical mean of the cosines of the latitudes ; thirdly, by 
using the geometrical mean of these cosines ; and, lastly, 
by employing the latitude deduced from the mean of the 
meridional parts of the two latitudes. The first of these 
methods is the one usually employed. It has the merit of 
great simplicity ; and as all the rules in navigation are ap- 
proximate only, it may perhaps be depended on as much 
as any of these. Hence y may be considered as the middle 
point between A and F ; and dep.—o^^r. 

But VQ cos lat. of y ; 

or dep.=di£ long, x cos y, where y is the arithmetical mean 
of the latitudes of A and F= -J- (/+/'), if 
I = latitude of A, 
i'tts latitude of F. 

This is commonly called the middle latitude. Hence we have 
dep.=5dlff'. long, x cos middle latitude. 

By equation (r.) wc have 

true diff* lat.«di8t. x cos course. 

Wlience it appears that if the middle latitude be consid- 
ered as a course, and the departure as a true difference of 
latittule, the corresponding distance will bo the difference of 
longitude. And conversely, treating the middle latitude as a 
course, and the difference of longitude as a distance, the cor- 
resfjonding true difference of latitude will be the departure. 

Mermtof^e Chart — Meridmial Parts. 

The chart used at sea for tracing the shipV track exhibits 
the surface of the earth on a plane, in which the meridians 
are parallel, and consequently the distance between them 
tinrougbout their length equal to the equatorial distance, 
instead of gradually decreasing as the latitude increases. 
In other words, FCi is increased so as to become equal to 
VQ. Now, in order that on this chart all points may oc- 
cupy the Hamc relative position with respect to each other 
that the points corresponding to them do on the surface of 
the globe, tfm distance AF and the distance AG must be 
increased in the same proportion that BH4-CI + DK + ficc., 
t>., the departure has been increased. 

The distance AG so increased is called tlic meridmial 
difference of latitude^ or mer. diff. lat; and the chart con- 
structed on this principle is called Mercatoris Chart. If for 
any latitude the meriaional difference of latitude between 
this point and the equator be expressed in miles or minutes, 
die number of miles so expressed is called the meridional 
parts for that latitude. A table of meridional parts for 
every minute of latitude from 0® up to 90 ^ is given in 
every collection of nautical tables. 

Construction of Table of Meridional Parts* 

This table may be constructed approximately, by divid- 
ing the whole meridian from 0® to 90 ® into intervals of T, 
and supposing the increase of the arc of the jjarallel of lati- 
tude, and consequently that of the arc of latitude, to take 
place at the end of the successive minutes* 

Now we have seen that an arc of any parallel « correspond- 
ing arc of equator x cos lat. ; and since the arcs of the suc- 
cessive parallels have all became equal to die correspond- 
YOl. XVI. 


ing arc of the equator, they have all been increased in Frelimin- 
the ratio of sec lat. to 1 . aryprin- 

Hence, if the lemrth of Tof the meridian be 1. and a. h. . 


the ratio of sec lat. to 1. 

Hence, if the length of T of the meridian be 1, and a, b, 
c, d, the corresponding increased lengths between 0 and T, 
between 1 ' and 2 ', 2 ' and 3 ', &c., 

0=1 X sec 1 ' 

6=1 X sec 2 ' 
c= 1 X sec 3 
d=l X sec 3 
&c. &c. 

And a + 6 + (?, &c.=sec T + sec 2'+ sec 3 '+ &c. ; or the 
meridional parts in any arc of the meridian is equal to 
the sum of the secants of all the successive angles, differing 
by F, from 1' up to the given latitude. 

The true investigation is as follows : — Let m = the cir- 
cular measure of the angle subtended at the centre by the 
meridional parts in the arc between the latitudes 0 and /; 
and let I become and let Sm be the corresponding in- 
crease of m. Then 8 m is proportional to the secant ot 1 + 81 ; 

or -^= sec { 1 + 81 ). 

And ultimately taking the limit 

dm , 

-^ = sec/.- 


/. jn= /' sec tdl = f — L dl 

Jo JoooqI 

pi cos* ^ - sin* 4 4) 

Vo 


dl 


1-ton*-: 


■>i d ,tm~ 1 -f ton 4 


l-ton*| 


1 -tan; 


cos 


-log. 


(«-l) 


cos 45 +-^ 


Let45-4=|,or90-/=/,; 

45-^1 = 90 - 1 ; 

A 

COS^ 

and>»=log, /-log, cotj?i 

sin ^ 2 


= 2*3025851 logn, cot ^li* 

K — -- arc {In minut es) 

m— miles) 

— ^i<^rid ional pa rts for lat I 

meridional parts for lat. / 

, = 57*29577 x 60 x 2*3025881 x log^ cot 

In logaritluns — 

Jog mer. parts for lat. I = 3*8984895 + logw (L cot -^colat- — 1 0). 
Whence we deduce tlie following 


Rule for Finding ike Meridional Parts. 

Diminish the tabular logarithm of the cotangent of one- 
half the colatitude by 10 . Find the logarithm of the re- 
mainder, and add to it thd constant logarithm 3 * 898489 ). 
Tlie result is th6 logarithm of the meridional parts for tlie 
given latitude. 
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ciplcs. 


Bx . — Required the meridional parts for latitude 65® 
® 20 '. 

(10 

L cot 12° 30' - 10 = 0-6512448 


and 


Log. 0-6542448 
Constant log. 

Meridional parts, 

( 2 .) 

L cot 12® - 10 


= 1-8157403 
== 3-8984895 
*3*7142298 
= 5178*80 


= 0-6602609 


Log. 0-6602609 = L81 97155 

Constant log. = 3*8984895 

3*7182050 

Meridional parts, = 5226*43 


Relations between Meridional Difference of Latitude and 
Difference of Longitude, Course, &c. 

It appears that on Mercator’s chart the difference of 
longitude, meridional difference of latitude, and increased 
distance, form the sides of a right-angled triangle, and are 
proportional to the departure, true difference of latitude, and 
distance, in the triangle ABC. The two triangles are there- 
fore similar. 

If, then, in AB produced (fig. 4) AB' be taken equal to 
mer. difference of latitude, and B'O' 
be drawn parallel to BC, meeting 
AC produced in C' ; the sides of the 
triangle AB'C will be the meridional 
diffcronco of latitude, difference of 
longitude, and increased distance. 

Hence, in equations (n), (n.), 

(in.), (XV.), (v.), (vi.), (vn.), and 
(vni.), wo may substitute meridional 
difference of latitude for true differ- 
ence of latitude, difference of longi- 
tude for departure, and increased dis- 
tance for distance 5 and the equations 
will still hold. 

The relation prindi)ally rcHpured is that which connects 
th(* meridional difference of latitude, difference of longi- 
tude, and course ; 

or, diff. long* sasmer. diff. lat* x tan course* 





Parallel Sailing, 

When the course is 90®, or the ship sails in a parallel of 
latitude, the equations (r.), &C*, give no result when ap- 
plied to find the distance. 

In this case we must apply the fontnila, 
arc of ()iiralU'I:r- corresponding arc of equator x cos hU 
Here the arc of the parallel correspoiids to the distance, 
and the arc of equator is difference of longitude, and we 
have for parallel sailing 

dist.ssdiffl long, x cosine lat., 

from wliich, any two of the quantities being given, the third 
may be found. Also, if rf and d be di-'-tance^ cnrrt*,-pnnding 
to the same difference of longitude in paraileb t and 


we have d «diff. long, cos I 
of diff long, cos Tj 

, * y cos / 

, orasaa. 

cos/; 

whicn enables m to find the distance on one parallel corre^ 
spending to a given distance on anotlier, the difference of 
longituae being the same* 


Middh-L&iiiude Sailing* 

Since departwre » diff. of longitude x cos. mid* latitude, if 
In emiations (n.), (ly.), (yi.), (vni.), we substitute this value 
for departure, we shall obtain the following equations:**-* 


aiC long. X C08 mid, lftt.=:di 8 t. X sin course . . . (Xh) 

diff. long. X cos mid. lat.s^true diff, lat. x tan course . (xn.) 

true diff. lat-=diff. long, x cos mid, lat. x cot course . (xni.) cipics, 
sin course = diff. long, x cos mid, lat. -f-dist. , , • (xiv.) 

from which all the rules for middie-latitude sailing may be 
derived. 

Traverse Tables, 

A table in which the true difference of latitude and 
departure, corresjKinding to certain distances for every 
course, expressed in points and degrees, are laid down, is 
called a traverse table. It is very \i8eful to enable the 
seaman to solve the several profalemH whicli occur in navi- 
gation by simple inspection. It must of course be cal- 
culated on some of ilu* print-iphs hid <lown in this chajjter. 

It is evident that as ihU ta'olc tout liu-* the relations of the 
sides and angles of a right-angled trbngk*, the s<)Ujiion of any 
right-angled triangle, wh(^ sides represent any other quan- 
tities, will be given by It, by making the requisite changes. 

Thus, the course remaining the same, if, for differennt 
of latitude we look out in the table the meritlional difference 
of latitude, tlie corresponding departure will he the differ- 
ence of longitude ; also, the difference of longitude can lie 
found from the departure by these tables, by kxjking out 
tlie middle latitude as a course, and the dejiartm* as a true 
difference of latitude ; tlien the quindiu : distance h the 
difference of longitude. 


SECT, xn— LONOITUnK A,KI> tATStimK* 

PitOB, I.-— Given latitude from, and latitude in ; to find 
the true difference of latitude. 

//tt/e,— Under latitude in, with its proper mine, N. 
or S., place latitude from. Subtract tiuf greater from the 
if of tne same name, and reduce to minwteH. The result 
the true difference of latitude rcquiretl, and is of iIh^ 
or different name with latitude in, according «I4 latitude in 
is greater or less than latitmU* from. If tliey are iif dif- 
ferent names, mid md affect with the name of latitude in. 

JCjf. L— A imih from th«* bixani, hut, 4U* 5*, U» 

8t Vincent, bat. 07' 0* wliat b to true diff* cf Utitudi^ I 

baUtudftm or T 5. 

latitude from 40 K. 

True diff. latitude VJ r*5 H,:-;: 77^1 milts if?* 


iijr. e,— “A jtaik fnna Nj'W I.iU. 'Ih 'S*' iS., to Li^rr* 

|)00l, bat. no itfy N. ; find the tr«*’ dUf. iff latitU'b*. 

balitudM in fftr 1 ^:/ *V, 

littHude from.. 

True diff. laUluda ../villi Jl. miles 

?C». 3.— A ship milml Ckwa FuacM, X*, to tlie 

of Good Hopo, l^t* 34^ W ; wbai l« tli# true diff. of latitude a 

batituda In*. 34* W A 

ImUtiidoffom 

True diff. latitude * t>7 7 ff , -t; |i>:i7 mtln S. 

Pitoii* 2»— Given the latitude from, mtd true differeitce 
of latitude ; to find latitude in. 

l/tt/r.— 'If the latitude from and true difference lie of the 
same name, add them (the true difference of latitude k ing 
turned if nwessary, into degrees and mhnites) ; the sum is 
tite latitude in of the same nante. If of unlike tmiier 
latitude fhun place the true difference of latitude, aubtrait 
dm less from the greater ; die result, with the name of die 
greater, is the latitude in* 

1. — A ibip latled from tli» ymid, 49^ $$* N*, tail good, 
ia a aorthtrly dirtctlon, e07 milm \ what is to in ? 

lAtUmlafrom 4^ U* K. 

Trim diff. laUtoda 3 U7 X 

Lfttlladnla 53 115 M* 

Ms, 1— A tbip In Lat 57* IS' % tailed dm a 37i9 mllei; wlm 
it to latitntle In ? 

XjfaiHad# front...* 57* Iff ll- 

Traediff* Itdiwde 113 _ a 

LalUttda in.*..*, ****** i il JL 
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Prelimin- Prob. 3. — To find the meridional difference of latitude ; 
ary prin- having given latitude from, and latitude in. Take the me- 
dples. ridional parts for the two latitudes from the table for me- 
ridional parts ; subtract if the names be alike, and add if the 
names be unlike. The result is the meridional difierence of 
latitude, and is N. or S. according as the latitude in is N. 
or S. of latitude from. 

Ux, 1 , — Required the meridional diff. of latitude in sailing from 
Cape Finisterre, Lat. 42® 52' N,, to Port Praya, in the island of 
Santiago, hat. 14® 54' N. 

Latitude in 14° 54' N, Mer. parts 904 N. 

Latitude from 42 52 N. Mer. parts 2852 N. 

Mer. diff. lat.... 1948 S. 

JSx. 2. — To find the meridional diff. of latitude in sailing from 
Lat. 5® 35' N. to 8® 17' S. 

Latitude in 8® 17' S. Mer. parts 499 S. 

Latitude from 5 36 N. Mer. parts 335 N. \ ^ 

Mer. diff. lat,... 834 S. 


Peob. 4. — To find the difference of longitude ; having 
given longitude in, and longitude from. 

Rule, — Under longitude in place longitude from; sub- 
tract, if of like name; reduce the result to minutes, and call 
it E. or W., according as longitude in is E. or W. of longi- 
tude from. Add, if of unlike names, and attach the name 
E. or W., according as the longitude in is E. or W- of 
longitude from. If the longitude found by this rule exceed 
180® it must be subtracted from 360®, and affected with the 
contrary name. 

jEto. 1.— A ship sails from Liverpool, Long- 2® 59' W., to Revr 
Tork, Long, 73® 69' ‘W, ; required the diff. of longitude. 

Longitude in 73® 59' W. 

Longitude from 2 59 W. 

Diff. Longitude 71 0 4260 miles W. 

JSx, 2. — A ship sails from Maakelyne’s Isles, in Long. 167® 69' B., 
to Olinda, in Long. 36® 54' W. ; End the diff. of longitude. 

Longitude in 36® 54' W. 

Longitude from...* 167 59 E. 

203 53 'W. 

360 0 

Diff. longitude 166 7 B. = 9367 miles 1. 

Prob. 6. — To find the longitude In ; having ^ven lon- 
gitude from, and difference of longitude. 

Rule. — Under longitude from place difference of lon- 
gitude. If of like names, add, and the result is the longitude 
in of the same name as the longitude from ; if of unlike 
names, subtract the loss from the greater. The result, with 
the name of the greater, is the longitude in. 

jg?ar. 1. — A ship from Long. 9® 54' 33. sailed westerly till the dif- 
ference of longitude was 1398 miles ; what is the longitude in? 


Longitude from 9® 64' B. 

Diff. longitude .23 18 W . 

Longitude in 13 24 W. 


Ex, 2.-«-The longitude sailed from is 25® 9' W., and diff. of lon- 
gitude 112® 6' ■\V". ; End longitude in. 

Longitude from 26® 9' W. 

Diff. longitude 18 46 W. 

Longitude in 43 55 W* 


SECT, m.— OF MEAstJEma A ship’s eto in a gitbn time. 

The method commonly used at sea to find the distance 
sailed in a given time is by means of a log-line and half- 
minute glass. (A description of these is given under the 
articles Log, and Loo-Line, which see.) 

The interval between two consecutive knots on the line 
— also technically called — is supposed to be the same 

fraction of a nauticalmile (6080 feet) that half a mmute is 


of an hour. 


TT o 1 ..1 n 1 . 6080 Prelimin- 

Hence the proper length of a knot is ary prin- 


=51 feet nearly. But although the line and glass be at 
any time perfectly adjusted to each other, yet as the line 
shrinks after being wet, and as the weather has a consider- 
able effect on the glass, it will be necessary to examine them 
from time to time ; and the distance given by them must 
be corrected accordingly. The distance sailed, therefore, 
may be affected by an error in the glass or in the line, or 
in both. The true distance may, however, be found as 
follows : — 

Prob. 1. — The distance sailed by the log, and the seconds 
run by the glass, being given ; to find the true distance run, 
the line being supposed right. 

Let the number of seconds in which the glass runs out 
be n, and let d and d' be the true distance and distance by 
log respectively. Then evidently the longer the time the 
glass is running, the less is the distance by log compared 
with the true distance, and conversely. Hence we have 
die proportion-— 

did' ii 30" : w" ; 

or true dist. : dist. by log : : 30" : number of seconds the glass 
is running ; 

, d'xZO 
or a= . 

71 


ciples. 


Rule . — Multiply the distance given by log by 30, and 
divide by the number of seconds the glass is running; the 
result is the true distance run. 


Ex, 1. — ^The hourly rate of sailing by tbo log is 9 knots^ and tbo 
glass is found to run out in 35" ; required the true rate of sailing. 
9 

36)27b(7‘7=:trae rate of sailing. 

Ex, 2. — Tbo distance sailed by tbo log is 73 miles, and tbo glass 
runs out in 26" ; required the true distance. 

73 

30 

26)2190(84*2=tb6 true distance. 


Prob. 2. — Given die distance sailed by the log, and the 
measured interval between two adjacent knots on the line ; 
to find the true distance, the glass running exactly 30". 

Here evidently the true distance is greater or less than 
the distance by log, as the measured interval is greater or 
less than 51 feet. 

Let a be the measured interval between the knots in 
feet, and and d! the true, and measure distances as before. 
Then 51 : a ; : cf : rf, 

or 61 feet : measured distance in feet :: distance by 
log : true distance 

Tneiistmee-distme. by 

Ox 


Rule , — ^Multiply the distance given by log by the mea- 
sured length of a knot, and divide by 51 ; the quotient is the 
true distance. 


Ex, 1,— The hourly rate of sailing hy the log is 5 knots, anE the 
interval between knot and knot measures 53 feet ; reouired the 
true rate of sailing. 

53 

A 

51)265(5'19!5:true rate of sailing. 

Ex. 2.— The distance sailed is 85 miles, by a log lino which 
measures 42 feet to a knot ; required the true distance run. 

S5 

JS 

xro 

m 

5X)3570(70=:trne distance run. 

3570 

Prob. 3. — Given the length of a knot, the number of 
seconds run by the glass in 1^ a vmm$ and the distance 
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rrelimin- sailed by the log. To find the true distance we must evi- 
aryprin- dently compound the ratios given in problems 1 and 2 
and we have 

w X ol : 30 X 05 : : : (f; 

- 30a d ! . 10a 

or a=rf'x — = — . 

5h^ I7n 

Rule , — ^Multiply the distance given by the Jog by 10 
times the measured distance between the knots, and divide 
by 17 times the number of seconds the glass is running. 

JS;ar.>^ThQ distance sailed by tho log is 159 miles, the measured 
length of a knot is 42 feet, and the glass runs out in 33" j re- 
(juired the true distance. 

Distance by the log 169 

10 times length of a knot 420 

3180 

17 times number of seconds 

run by the glass 561)66780(119’0375strue distance* 

SECT. IV.— ON COOKSES AND COKRl?CTIONS OF COUKSE8. 

Marinette Compass, 

A ship is enabled to keep her course at sea by means 
of an instrument called the mariner’s compass. It consists 
of a magnetic steel bar attached to tlie under side of a 
card, divided into points and quarter jwints, and supported 
by a fine pin, on which it turns freely within a Iwix covered 
with glass. By reason of the directive property of the 
magnet, the north point, which is commonly denoted by 
a /leur de /u, is readily known. The circumference of 
the card is generally divided into thirty-two points, which, 
in the best compasses, are again subdivided into half points 
and quarters. These are reckoned sufficient for nautical 
purposes. On the inside of the box is drawn a dark ver- 
tical line called lubber’s point. This point, or rather line, 
and the pin on whicli the <;ard turns, arc in the same line 
or plane with tho keel of the slni) ; and hence the point on 
the circumference of the card opposite to lubber’s [mint 
shows the angle whicli the shijfs course makes with the 
magnetic meridian, called the eourstt of the ship. 

The annexed diagram (fig. 5) gives a general view of 


Besides tim variation, the needle is also affected by the PpoHmtr- 
dip, which is likewise fully explained in the article Ma(J- ary pHu* 
NETisM, as well as Mr Barlow’s method of correcting the 



effects of local attraction, arising from the effect# of the 
iron, guns, &c., in the vessel itself. 

The compass ccnirse generally differs from the true 
course on account of tliree c*utses:— L The varialimi of 
the compass ; 2. The cleviatiim of the ; 3. The 

leeway. We shall now expkdii how these errom are to tie 
applied. 

1. TSf Variaiion tf the m fully ex- 

plained under the article MAtiXXtisiti which we. 'ftie 
mode of ascertaining its amount will be given hereafter. 

Ihtoa I. — To find the true course, having given com- 
pa.ss course. 

Rule l.-—;\ How easterly variation to the right, ami alhiw 
westerly variation to the U*ft. 



the compass. (For a full explanation of its magnetic pro- 
perties, sec Ma<in’etism.) The names of the jHiints, and 
the angles which they form with the meridian, are given in 
fig. 6, and as thus represented tlie instrument is c^led tlie 
steering compass. 

The azimuth compass is the same instrument more nici*ly 
made. The circumference of the card is divided into de- 
grees and parts by a vernier, and is fitted up with sight- 
vanes to take amplitudes and azimuths, for the purjiose of 
determining the variation of the compass by observation 
The variation is tlien applied to the magnetic course shown 
l>y the steering compass, whence the true course, with re- 
spect to the raeriilian, becomes known. 


A’jr. 1. Tb« rt»mpa«»>t cauw h W.N.W., aatl vsrisibm psi. 
W- ; tiiiU tlm trutt wurs»‘. 


‘{t*. 

rmm^ *» u l*’fi af X. 

Varisktiof) 3 I kfuif N. 

True cnttr««. 9 t hit of X., jH. 

J?jr. 2.— Thi em^m wm» It anii tarlitioa E.; 

find tlia QOttVfs. 

ComnuMieoarfo ......... 4 3rigHtefH. 

Variation 2 eHgbtofH. 

Troa courts 7 11 right of R, or W. by | W. 

JZ*, 3.— Tlio tontpaft courts Is X.W., tha varittion U 3i K. ; tn* 
quired the trua courts. 

Ciwi^ai^s courft*. ....... ... 4 O loft of X» 

VariiUon.. 3_J right of K. 

Tr«« course 0 3 kCfe of X., or X | IV. 


PuoB. IL— -CJiven the true course, to find the compass 
courst*- 

jRult 2*-- Allow eaaterly variation to the left, and westerly 
to the right, 

Kse* 1.— The true eoum li K.X.E.JE., and varalir.u IJ W. ; 
find the cmfmm courve^ 

!H«* un. 

True coum 2 2 right *>f X. 

Variation 2 right of X. 

Comptfts couna ... 4 0 right of X.. ur X.E* 

Jgjf. 2.-«*Tha tra<» count is X Jll, isariatiwii 31 E^; r^qolrtd 
tba cuinpait count. 
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Pts, qrs. 

True course 0 3 right of N, 

Variation 3 1 left of N. 

Compass course .... 2 2 left of N., or N.N-W-iW, 

2. The Deviation of the Compass . — This error arises 
from the eifects of local attraction, and varies with every 
different position of the ship's head. Several methods 
are employed in order to ascertain its amcnnt. That 
most commonly adopted is to place a compass on shore, 
oat of reach of the ship's attraction, and to take the 
bearing of the ship's compass, or some other object in 
the same direction with it ; while at the same time the 
bearing of the compass on shore is taken on board. If now 
1 80® be added to the bearing of the shore compass, so as 
to bring it round to the opposite point, the difference be- 
tween this augmented bearing and the bearing at the ship's 
compass will be the amount of deviation for that position 
of the ship's head. 

Suppose the ship's head is N., and that the reading 
off at the shore com|)ass is S. 17® 15' W., and that the 
reading off at the ship’s compass is N. 20° E, Adding 
180' to the bearing of the shore compass, we get S. 197® 
15' W., or N. 17® 15' E. ; and subtracting this from the 
bearing of the ship's compass, N. 20° E., we get the devia- 
tion equal to 2° 45' E., when the ship’s head is N- The 
ship is now turned round, so that the licad points succes- 
sively to every point of the compass, and the deviation for 
eacli position found as before, 

A table is then made, showing the deviation for every 
point of the compass. The deviation so found is treated 
exactly as the variation^ — t.e,, in correcting the compass 
course to ffnd the true course, easterly deviation is al- 
lowed to the right, and westerly deviation to the left; 
and conversely, to find the compass course from the true 
course, easterly deviation is allowed to the left, and westerly 
deviation to the right. Hence it appears, that when both 
variation and deviation are given, we may consider the latter 
as a correction of the former— to be added to it if of the 
same name, and to be subtracted from it if of the opposite 
name, 

1, — The compass course is S.W.jW., variation 1} K., and 
deviation ; what is the true couri^e ? 

Pts. qra. 

Compass course 4 3 right of S, 

Pt. qrs. 

Variation 1 3 right 

Deviation 2 left , , . 

1 1 right. 

True course Q 0 right of S., or W.a.W. 

2, — The compass course is W-JN., the variation 2} W., and 
deviation 2 W. ; what is the true course ? 

IHa. qrii. 

Compass course 7 2 left of N. 

Pt8, qrs. 

Variation 2 2 left 

Deviation...... 0 3 left ^ ^ 

3 1 left. 

True course 10 3 left of N.,or S.W.hy W.T\V. 

3, — The true course is N.N.W.fW., variation If K., and 
deviation I W. ; required the compass course. 

rt«, qrs. 

True course 2 3 left of NT. 

Pt ors. 

Variation 1 3 left. 

Deviation 0 1 right. , . , 

■ — 1 2 left. 

Compass course 4 1 left of IT., or N.W4 W. 

The following table is taken from the monthly ex- 
amination-papers at the Royal Naval College, Portsmoutli, 
and will serve as a specimen of the tables which ought to 
be made for all ships 


Prelimin- 
ary Prin- 
ciples. 


Deviation of the Compass of H.M.S, Vestmusfor different Prelim iri- 


positions of the Ships Head. 


Direction of 
Sliip*3 Head. 

Deviation of 
Compass. 

Direction of 
Ship’s Head. 

Deviation of 
Compass, 

N. 

2° 45' E. 

S. 

3° O'W. 

N. -by B. 

4 57 

S. by IT. 

4 20 

N.N.B. 

7 30 

as-w. 

5 0 

N.M. by ISr. 

9 0 

S.W. byS. 

6 7 

N.E. 

10 0 

s.w. 

7 0 

N.B. by E. . 

10 65 

S.W. by W. 

7 27 

E.N.E. 

10 40 

w.s.w 

7 50 

E. by N. 

9 65 

W. by S. 

8 20 

E. 

8 50 

W. 

8 60 

E. by S. 

7 15 

W. by N. 

8 10 

B.S.E, 

5 35 

W.N.\V. 

6 50 

S.B. byE. 

3 40 

N.W. by W. 

5 40 

S.E. 

1 50 

N.W. 

4 60 

S.E. by S. 

0 20 E. 

N.W. by N. 

3 20 

S. S.E. 

0 56 W. 

N.N.W. 

1 40 W. 

S. by E. 

2 20 

N. by \T. 

1 10 E. 


ary Prin- 
ciples. 


3. Leeway. — The effect of the action of the wind upon the 
sails and hull of a ship is sometimes to produce a motion of 
the ship in a direction at right angles to that of the head or 
apparent course, as w'ell as in this latter direction. The true 
course, therefore, is not that given by the compass, but that 
which is due to the composition of the two velocities of the 
shij), — viz., that in the direction of its head, and that at right 
angles to this direction. To obtain the true course from 
tlie compass course, therefore, we must add or subtract the 
angle of leeway, which is the angle between the compass 
course and the true course. 

If the wind be on the right of a person on board ship 
who is looking towards the head, the real course is then evi- 
dently to die left of tlic direction of the ship’s head, — i.e., 
of the apparent course. If the wind be on his left hand, the 
true course is to the right. In the former case the ship is 
smd to be on the starboard tack^ and in the latter on tlie 
port tack. Whence is derived the rule for obtaining the 
true course from the compass course. 

Rule. — If die ship is on the starboard tack, allow lee- 
way to the left; if on the port tack, allow leeway to the right. 
Conversely, to obtain the compass course from the true 
course on the starboard tack,, allow leeway to the right ; if 
on the port tack, allow it to the left. 

There arc many circumstances which prevent laying 
down accurate rules for the allowance of leeway. The 
construction of clifiercnt vessels, their trim with regard to 
the nature and quantity of cargo, the posititm and area of 
sail .set, the velocity of the ship and the swell of the sea, 
are all susceptible of great variation, and very much affect 
the leeway. 

The following rules arc usually given for the purpose:— 

1. When a ship is close-hauled under all sail, the water 
smooth, and with a light breeze, allow no leeway. 

2. When the top-gallant sails are handed, allow one point. 

3. Under close-reefed topsails allow two points. 

4. When one topsail is handed, allow tm points and a 
half. 

5. When both topsails are handed, allow thr^ points. 

6. When the fore-course is handed, allow four points. 

7. When under mainsail only, allow Jke points. 

8. Under balanced mizen, allow sbe points. 

9. Under bare [>oles, aUoto seven points. 

These rules, however, are not much to be depended up- 
on. A very good method of estimating the leeway is to 
observe the bearing of the ship's wake as frequently as may 
be judged necessary, which may be conveniently enough 
done by drawing a small semicircle on the tafferel, with its 
diameter at right angles to the ship's lengtli, and dividing 
its circumference into points and quarters. The angle con- 
tained between the semi-diameter which points right aft^ 
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Plane and that which points in the direction of the wake, is the lee- 
Sailing, '^ray. But the best and most rational way of finding the leeway 
is to have a compass or semicircle on the tafierel, as before 
described, with a low crutch or swivel in its centre ; aller 
heaving the log, the line may be slipped into the crutch 
just before it is drawn in, and the angle it makes on the 
limb with the line drawn right aa, will show the leeway 
very accurately. 

JSsc, 1. — A ship’s apparent conrso is fcs.S.W.fW'., leeway SJ. 
points, the wind being S.JS.JK. ; required tJj© true course. In this 
case the wind is on the left of the vessel, or it is on the port tack, 
and leeway must bo allowed to the right. 

Ptfl. qrs. 

Apparent course 2 3 right of S. 

lieeway *2 2 right of 3. 

True course 6 1 right of 3«, or S.W. by W.iW. 

Uso, 2.“-The apparent course is N.K.W., leeway IJ- points, and 
wind E.N'.B. Here the vessel is on the starboard tack, 

PtS. ATS. 

Apparent course 2 0 left of N. 

lieeway 1 2 left of K. 

True course left of K„ or K.W. by K,}W. 

jgr*}, 3. — The true course of a ship is leeway 2|. points, 

and wind roq[ulred the compass course. Here the ship is 

on the port tack. 

Pts. qr«. 

True course 3 2 left of 3. 

leeway 2 2 right of S. 

Ooinpaas course. X 0 left of 3., or S. by B. 


Ohap. n.-ON PLANE SAILING. 

Plane sailing is the art of navigating a ship upon prin- 
ciples deduced from the notion of the earth’s being an ex- 
tended plane. On this supposition, the meridians arc con- 
sidered parallel lines. The parallels of latitude are at right 
angles to the incrldians ; the lengths of the dtjgrees on the 
meridians, equator, and parallels of latitude are evt-rywlu'n* 
equal; and the degrees of longitude are rcckmicd on the 
parallels of latitude as well as on the equator ; and corise- 
quently the departure and difierence of longitude are 
equal. In fret, in the right-angled 
triangle ABC (fig. 7), where AB is 
the true difference of latitude, BAC 
the course, AC the distance, and BC 
the departure, which is assumed equal 
to the difference of longitude; all 
the problems in sailing arc solved 
by the relations of the sides and 
angles of the single right-angled tri- 
angle ABC. Except, however, for 
a small portion of the earth’s surface 
near the equator, the departure can- 
not be assumed equal to the difference 
of longitude withmit very considerable error; and the 
longitude in cannot be at all depended on when found by 
this method. If, however, tlie departure be an element, 
this method is correct. 

In 7, A is the place from which the ship sails; AB 
the meridian, and equal to the true difference of latitude; BC 
peiq)eniculiu: to the meridian, and equal to the departure. 
It is always possible and easy to construct a right-angled 
triangle when two parts, of which one is a side, beside the 
right angle, are given. Consequently problems in naviga- 
tion may always oe solved by construction, with the aitlof 
the rule and compasses. In making constructions for this 
purpose, it is only necessary to attend to the following con- 
vention Let the upper jirt of the paper or plan on which 
the drawing is to be made represent tlm narlhi then the 
lower part will be sautk^ the right-hand side and the 



A 




left-hand side This convention we hav(* already 

tacitly assumed in tri^ting of the corrections of tin.* course.^. BaUing. 


To make a Consfnirthn. 


A north and south line is to be drawn, to represent the 
meridian of the place from wliit*h the ship >iaik;d ; and the 
upper or lower end of this line i^ he marked as tlm posi- 
tion of the place, according as the courst* is southerly or 
northerly. From this |>oint as centre, with the chord of iW 
(on the rule), an arc of a circle is to be d»»4cribed from tfuj 
meridian, towards the right or left, ucccjrding m lht» course 
is easterly or westerly ; and the course, taken from tlie line 
of chords if given in degrees, but tVom the line of rhumbs 
if expressed in points of the comjms, b to be laid on this 
arc, ht‘giiuiing from the meridian. A stniighi line drawn 
through this jK>int and the point sailed from is tlie direc- 
tion of the distance, which, if given, must be laid tlown on 
tliis line, beginning :it the point sailed from. A straight line 
is to be drawn troin the extremity of tlie distance jH^rptn- 
dicular to tlic meritlian ; and hence the true difltTeiice of 
latitude and the dtqmrture will b<J found. 

If the tme difference of latitude Ik* given, it is to he laid 
down on the meridian, h .Initin: at the |>oint from which 
the ship sailed; and a straigiit hue dmwn through the ex- 
tremity of the difference of latitude, r ^ !!. n* • m the 
meridian, to meet tlie distance i .*' ! i ?. will limit the 
figure, and enable m to fmtl tlie part^ r« quired. 

If the departure be given, it is t«» bn laid off tut a parallel, 
and the linedrawn through itsextremiry will limit the«lM4iH'e. 

If the distance and true differem c of latitude he uiv»*n, 
through the extremity of the true ddit renee of latitude 
draw a straight line perpendicular in thif merithan j exte nd 
a pair of ef>mpas*its to tiie given di*»fam'e, jd»iee one of it * 
points at the place from which the ship Killed, and Jet the 
other pint be in the j un, :.d: - i'a* line (ml drawn? jmn 
this point with the jnnnt /row, and the triangle deter- 
mined, and the course and tleparture found. 

If the departure and tlKtiinee are given, with the point 
from as centre and the distance as radius, describe an are 
of a circle. Let the dtqiariure be laid off on a paniiy, m 
that one point k in the ineruban :md the fuher in the eirrle 
just descrilied. Join thi'< latOT po:n! wiih the point froni, 
and the triangle in formed. Thegemral im dr at nolung 
problems in plane sailing lias already been given in chap, i*, 
sect. 2. The following examph s will show how the fumniW 
are to be applietl : — 

()&#. It is to l)e diitinctly undmutoml that the dmn* 
methmi ainnot bo a{i(>ited to obtain the differfmctiof bogi* 
tucle without very mmhk error. 

if#. l.-^A slilp from Rt llriean, in Lat. 

B. nailfsl AM, by B. im mllm; 
required thfi ktiitalo in, and drpartura. 

% rVtt#trMfoN>in.-.Ilraw ibn m<^rb!ian 
Alt (<lg. H), fuel with tha cborti of 
scribe th# arc rnn, anti male* it itqaai to Uio 
rhumb of itm>agb h 4raw 

AC tqntl to l ; irom C 4faw VH 

parpfndieaiarto AB; thon AB applfrdto c 
tlie scale from which AC was ukm will b« 
foaadtomeftisuro 



Wl^lL 


% Cakulaiim,'>-‘2t0 fiinl tb« tra« diffcrcnca of 

L eoainn of coanm..... 3 pts. « 

|jog. ilistanea im m. -.r 

-IC 

Log. troo die hi g 1 ISiSl 

Hanna, traa diff. Imi.. js; laM A, 

To find tlcpariare. 

L iln coam 3 pt«. Mlill 

Log. aistimca UHm ss g-lfiifilS 

-le 

Log. diq^mrlare.. BPU ts l-sWlO 
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By Inspection , — In the traverse table, the difference of latitude 
answering to the course 3 points, and distance 168 miles, in a dis- 
r tance column, is 131*4, and departure 87*8, 

By Gunter’s Scale , — ^The extent from 8 points to 5 points, the 
complement of the course on the line of sine rhumbs (marked S. R.) 
will reach from the distance 168 to 131*4, the difference of latitude 
on the line of numbers ; and the extent from 8 points to 3 points 
on sine rhumbs will reach from 168 to 87*8, the departure on 
numbers.^ 

Latitude St Helena 16° 65' S. 

Diff. latitude 2 11 S, 

Latitude in 18 6 S. 

JEx, 2 , — A ship from St Oeorge^s, in Lat, 38° 45' IT., sailed 
S.Hp^S., and the latitude by observation was 36° 7' K. ; required 
the distance run, and departure. 

Latitude St George’s 38° 46' N. 

Latitude in 35 7 NT. 

Diff. latitude 3 38=218 miles S. 


By Oonstruction , — ^Draw the portion of ' v 
the meridian AB (tig. 9) equal to 218 miles; \ 
from the centre A, with the chord of 60°, 
describe the arc mn, which make equal to 
the rhumb of SJ points; through Aw w-'-" 
draw the line AO, and from B draw 
BO perpendicular to AB, and let it bo 
produced till it moots AO in 0. Then 
the distance AC being applied to the 
scale will measure 282 miles, and the do- B — 
parturo BO 179 miles. 



By Calculation , — To find the distance. 

Ij sec of the course 31 pts. 

Log, true diff. latitude 218 m. 


Log. distance .... 
Or distance . 


To find doparturo, 

L tan of the course 31 pts. 

Log. true diff. latitude ....218 in. 


= 10*11181 
= 2*33840 
-10 

s= 2*46027 


9*91417 
2*33840 
-10 

2*25203 


Log. departure = 2*25203 

Or departure = 178*9 

By Inspection , — Find the given difference of latitude 218 miles in 
latitude qolumn, under the course of 31 points ; opposite to which, 
in distance column, is 282 miles; in departure column 178*9 m.; 
the distance and departure required. 

By Gunter’s Scale , — Extend the compass feom 41 points, the 
complement of the course, to 8 points on sine rhumbs; that extent 
will roach from tho diffcronco of latitude 218 miles to the distance 
282 miles on numbers ; and tho extent from 4 points to tho course 
31 points on the lino of tangent rhumbs (marked T. 11.) will reach 
from 218 miles to 178’9, the departure on numbers. 

Bx, 3.— A ship from Palma, in Lat, 28° 37' NT., sailed N.W. by 
W,, and made 192 miles of departure ; required tho distance run, 
and the latitude come to* 

By Construction , — Make the departure BC (fig. 10) equal to 192 
miles, draw BA perpendicular to 

BC, and from the centre C,with the — — i B 

chord of 60°, describe tho arc mn, 

which make equal to the rhumb of n. 

3 points, tho complement of the 

course; draw a line through Cw, ^ 

which produce till it meet BA in 
A. Then tho distance AO being 

measured, will bo equal to 231 m., X 

and the difference of latitude AB A 

will be 128*3 miles* wi- m 


By CbXcaUatton.— *To find the distance. 

L cos of course 6 pts. = 10*08015 

Log* departure 192 m. = 2*28330 

-10 

L(^. distance. 230*9 a= 2*36345 


To find the true difference of latitude. 

L cot of course 6 pts = 9*82489 

Log. departure..... 192 m. = 2*28330 

-10 

Log. true diff, latitude 128*3 = 2*10819 

By Inspection , — ^Find the departure 192 miles in its proper column 
above the given course 6 points ; and opposite thereto is the dis- 
tance 231 miles, and difference of latitude 128*3, in their respective 
columns. 

By Gunter’s Scale , — ^The extent from 5 points to 8 points on the 
line of sine rhumbs, being laid from the departure 192 on numbers, 
will reach to the distance 231 on the same line ; and the extent 
from 6 points to 4 points on the line of tangent rhumbs will reach 
from the departure 192, to the difference of latitude 128*3 on num- 
bers. 

Latitude of Palma 28° 37' K. 

Diff. latitude 2 8 N. 

Latitude in 30 45 

JEh?. 4. — A ship from a place in Lat. 43° 13' N,, sails between 
tho north and east 285 miles, and is then by observation 
found to be in Lat. 46° 31' N. ; required tho course and de- 
parture. 

Latitude sailed from 43° IS' N. 

Latitude by observation..... .... 46 31 K- 

Diff. of latitude 3 18=198 mUos. 

By Construction , — Draw tho portion of the meridian AB (fig. 11) 
equal to 198 miles ; from B draw BC 
perpendicular to AB ; then take the " 
distance 286 miles fbom tho scale, and 
with one foot of tho compass in A de- 
scribe an arc intersecting BC in C, and / 

join AO. With the chord of 60° de- „ y/ 

scribe the arc mn, the portion of which 
contained between the distance and 
difference of latitude, applied to tho 
line of chords, will measure 40°, tho y 
course; and the departure BO being A 
measured on the line of equal parts, Flg.ll* 

wBl be found equal to 206 miles. 

By Calcu^aiion^^To find the course. 

XiOg, true diff. latitude (198) 4- 10 = 12*29660 

Log. distance 285 — 2*45484 

L cos course 4G° s=: 9*84176 

Or course is »N.46° O'E. 

To find the departure. 

Jj sin course 46° = 9*85693 

Log. distance 286 = 2*45484 

-10_ 

Log- departure * 205 = 2*31177 

By Inspection , — Find the given distance in the table in its 
proper column ; and if the difference of latitude answering thereto 
is the same as that given, namely, 198, then the departure will be 
found in its proper column, and the course at tho top or bottom of 
the page, according as the difference of latitude is found In a 
column marked lat, at top or bottom. If the difference of latitude 
thus found does not agree with that given, turn over till the nearest 
thereto is found to answer to the given distance. This Is in the 
page marked 46 degrees at the bottom, which Is the course, and the 
corresponding departure is 206 miles. 

By Gunt&r’s jSfcats.-— The extent from ffne distance 285 to the 
difference of latitude 198 on numbers, will reach from 90° to 44°, 
the complement of tho course on sines; and the extent from 90° to 
the course 46° on the line of sines being laid from the distance 285, 
wiU reach to the departure 205 on the line of numbers. 

Bsc, 5,-- A ship from Fort*Koyal, In the Island of Grenada, 
In Let. 12° 9' H., sailed 260 between the south and weet^ and 
made Z90 miles of depeMre; required the coarse and latitude 
come to. 


15 

Plane 

Sailing. 


For the method of resolving the various problems in navigation by Sliding Gtmteri the reader is referred to Dr Mackay’sttoatlse 
on the Description and Use of that instrument# 
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Fiir, 


By Construction , — Draw BO perpendicular to AB, and equal to 
the given deimrture 190 miles ; then 
from the centre C, with the distance 
260 miles, sweep an arc intersecting 
AB in A, and join AC. Now describe 
an arc from the centre A with the 
chord of 60®, and the portion mn of 
this arc, contained between the dis- 
tance and difference of latitude, mea- 
sured on the line of chords, will be 47^ 

the course; and the difference of lati- iU 

tude AB, applied to the scale of equal 
parts, measures 177i miles. 

By Calculation . — To find tho course. 

IjOff. departure 190 + 10 12*27875 

liog. distance 200 =^2*41497 

L sin course 46® 67' = 9*86378 

Or course is S. 40® 67' W. 

To find tho true difference of latitude, 

B cos course 40® 57' 9*83419 

Log. distance £60 = £‘41497 

^ -10 

Log. true tliff. latitude 177*3 r: £*£4916 

By Seek in the traverse table until tho noamfc to 

the given departure is found in the same lino with the given dis- 
tance 260. This is found to be in tho page marked 47® at the 
bottom, which is tho course; and the corresponding difference of 
latitude is 177*3. 

By Gunters 8caU , — Tho extent of the compass, from the distance 
260 to tho departure 190 on the lino of numbers, will reach from 
90® to 47®, tho course on tho lino of sines ; and the extent from 9CP 
to 43®, the complement of the course on sines, will reacli from the 
distance 260 to the difference of latitude 1771 on the line of 
numbers. 

Latitude Fort-Royal 12® 9' N. 

Difference of latitude 177ss £ 57 B. ^ 

Latitude in 9 12 K. 

6. — A ship from a port in Lat. 7° 50' B. sailed between the 
south and oast till her departure was 132 miles, and was then, by 
observation, found to be in Lat, 12® 3' B. ; required the course and 
distance. 

Latitude sailed from 7® 55' B. 

Latitude in, by observation 12 3 B. 

Difference of lati tude... 4 7 rs £47 

By Construction . — Draw the portion of the 
meridian AB equal to the difference of latitude 
247 miles; from B draw BD pcrpfndicwl.'ir to 
AB, and equal to tho giv<*n d<*partiuM‘ 132 
miles, and join AD j then with the chord (ff 60® 
describe an arc from the centre A ; and tho 
portion mn of this arc, being applied to the 
lino of chords, will measure about 28® ; and the 
distance AO, measured on the line of equal parts, 
will be 280 miles. FSlf.13. 

By Cakulation.^Ho find the course. 

Log. departure 132+ 10 s= 12- 12057 

Log, true diff. latitude 247 ss 2*39270 

L tan course 28® 7' zs 9*72787 

Or course is B. 28® V K. 

To find the distance, 

L sec course 28® 7'= 10'05l5t 

Log. true diff. latitude 247 -k 2*39270 

Log, distance 280 ss 2^44724 

By iotpection.—Seck in the table till the given difference of 
latitude and departure, or the nearest thereto, are found together 
in their respective columns, which will he under 28®, the required 
course ; and the distance answering thereto is 280 miles. 

, *om the given dlfffwnce of 

latitude 247 to the departure 132 on the line of number*, will 
reach from 45 to 28 , the course on the line of tangenu; and the 
extent from 62® , the complement of the course, to 90® on the sines, 
will reach from the difference of latitude 247 to the distance 280 on 
numbers. 

The six problems whose solutions are Illustrated above 
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are all that occur in the solution of the right-angled triangle^ Mrrcalor’i 
whose sides represent the true difference of latitude, de- Haillug, 
parture, and di.stance, and one of vvho.se angles k thtf course- 



CtfAP. MERCATOR'.S BAiLIXO. 

We have already explained the principle of MtffcatorV 
Chart, and have shmvn that in every problem of navigation 
there is a second right-angled triangle similar to that wlioie 
solutions formed the svihjt*ct «»f investigation in chapter ii. ; 
and the sides of which, corresponding to the tnu* difference 
of latitude and departure- are the meridhuud difference of 
latitude and difference of longitude. 

We have already given a inie f*»r finding the meridional 
parts for any given latitude^ tm tin* su|»j«»«ition that the 
eartli is a perfect sphere. If the earthV i»hlaiene»^?t tH» taken 
into account, and the compression, i.e., the ratio of the 
difference of tlie equatorial and jaikr semi-diainetiTS to the 
etpiatorial semi-diameter, be taken 3*= . * , • it very 
nearly, the meridiuimi parta for I will be given by 

the formula — 

Mer.parts==^T915'70olog.tan. •«22'‘8Ssm i 

-01)»50H sin 3/- Ac,** 

Let Al) (fig. 14) be the meridian, 

BAC the course, AB the true differ- 
ence of latitude, A I) the meridional 
difierence of latitude j then 

DK is the diff* long., and 
ED =r D A X tan BAC 5 or, 
diff. long.ssmer. diff. lat. k tan course t 
or log. diff. long. ^ log. mer. diff. lat. + 

L tan course - UK 

Also, by similar triangles, ADK and 
ABC, we have 

1)E: BC DA: BA; or, 

1)E« BC^xDA 

BA 

A diff. long.srdep* x mer. diff. kl- ^ 
true djff, hit, ’ 

log.tliff.hmg. r" teg, dep. + log. mer.dsffiat. - log. true diff. kl* 
Whence, from the departure and line and meridiMnal thtfir- 
4*nces of latitude, the difference of jongiuide may he tmind. 
The following examples "will illmtrate the iiimie of ndng 
these lormuhe ; ^ -* 

H*. 1. A ihtp from Dap Fininttm, IM. 42*^ 62* 

IT' W., to P«frt Pmya, la tm Mainl oC f^i. 

and I^ng. 23® W. ; rftqalftti tha cam# and 

Lit. fmm 42** 52^ K. Mtr. parta . . . 2^52 

Lit. ia U 64 K. 3!#r. m 

Diff. of lat 27 5H 

Id78 

Long, fmm 9* 

Long. la.......... 23 

Diff. bag U 12 istm W, 



fl|, II. 


a Mtriliff.kl. 1918 
H. 

ir w. 

29 W. 


By CLn#li*MeiiW.*— Draw tht straight lino AD 
(fig. 15), to Tppmmnt ih$ aiftHilliui of Capo 
Fiaifttarrt, »po» whidi lay off AB, AD, tqiial 
to 1678 and 1948, lh« traa and marldioiial 
diffartnm of ktUada. From D draw Dli 
p> rp*'vlb*:.i'ir to AD, aod tqital to tha dif- 
Urwnm of longitoda 852; join AK, and draw 
BC paraibl to DE; than thi* diitaneo AC 
will mraaara 1831 and tho eourio 

BAC 23" 37'- 

i. 

By Cukmkstim.-^To ind iha coam. 

l>og. diff. long 852 + lU w 

hop aaer. diff. lat .1948 zs 

Ltaneoamo 23^37' as 

Or caarat ii 8. 23 ^ 2* * W. 



1293044 



NAVIGATION. 


17 


Mercator’s 

Sailing. 


To find the distance. 

L sec, course....... 23® 27*^ = 10*03798 

Loff.truediff. lat 1678 miles '^ 3*22479 

® ^10 

Xiog. distance 1831 3*26277 


£x, 2, — A ship from Cape Henlopen in Virginia, in Lat. 38® 47' 
N"., Ijong. 76® 4' W., sailed 267 miles IST.E. by IST. ; req^uired the 
ah4>^s present place. 

Sy Construction . — "With tbe course, and 
distance sailed, construct the triangle 
ABO (fig. 16), and the difference of lati- 
tude AB being measured, is 222 miles; 
hence the latitude in is 42® 29' !N., and 
the meridional difference of latitude 293. 

Make AD equal to 293, and draw DE 
perpendicular to AD, and meeting AC 
produced in B; then the difference of 
longitude DB being applied to the scale 
of equal parts, will measure 196 ; longi- 
tude in is therefore 71® 48' W. 

JBy Calculation . find the true difference of latitude. 

L cos course 3 points = 9*91985 

Log. distance 267 miles = 2*42651 



Log. true diff. latitude 222 IST. = 2*34636 

Lat. from 38® 47' N. Mer. parts... 2628 

True diff, lat = 3 42 NT, 

Lat. in ......... = 42 29 K. Men, parts.. .2821 

Mer. diff. lat. 293 
To find the difference of longitude. 

L tan course 3 points = 9*82489 

Log. mer. diff. lat 293 miles = 2*46687 

-10 

Log. diff. long 196*8 B. s 2*29176 

Long, from 76® 4' Vf, 

Diff. long 3 16 B. 

Long, in 71 48 W. 



A 

Tig. 10. 


JEx. 3. — A ship from Port Oanso in Nova Scotia, in Lat. 46® 20' 
N., Long. 60® 66' W., sailed S.B.iS., and, by observation, was 
found to be in Lat. 41® 14' N. ; required the distance sailed, and 
longitude come to. 

Lat. Port Canso 46® 20' N. 

Lat. in, by observation 41 14 N t 
Diff. lat 4 6=246 


B\j Cowstrwciion.— Make AB (fig. 17) 
equal to 246, and AD equal to 338; 
draw AB, making an angle with AD 
equal to 3J points, and draw BC, DE 
perpendicular to AD. Now AC being 
applied to the scale, will measure 332, 
and DE, 306. 

By Calculation . — To find the distance. 

L sec course 3| points = 10*13021 

Log. true diff. lat 246 miles = 2*39093 

-10 

Log. distance 332 = 2*62114 

To find the difference of longitude. 

L tan course 3| points = 9*96729 

Log, mer. diff. lat 338 miles = 2*62892 

-1 0 

Log. diff, long 306*3 B. = 2*48621 

Long. Port Canso from ... 60® 65' W. 

Diff. long 6 6 B. 

Long, in 66 49 W, 


Mer. parts... 3068 
Met. parts.. .2720 
Mer. diff. lat. 338 


A 



By Courntruction . — ^With 
the course and departure 
construct the triangle ABO 
(fig. 18) ; now AO and AB 
being measured, will be 
found to be equal to 476 
and 224 respectively ; hence 
the latitude in is 37® 42'N., 
and meridional difference 
of latitude 276. Make AD 
equal to 276, and draw DE 



Tig. 18. 


perpendicular thereto, meeting the distance produced in B,^ then 
DE applied to the scale will be found to measure 616. The 
longitude in is therefore 14® 56' W. 


Mercator’s 

Sailing. 



By Calculation . — To find the distance. 


L cos course 5} points = 10*06457 

Log. dep 420 miles = 2*62326 

-10 

Log. dist 476*2 = 2*67782 


To find true difference of latitude. 

L cot course 6^ points = 9*72796 

Log. dep 420 miles = 2*62325 

-10 

Log. diff. latitude 224*6 = 2*35121 

Latitude Sallee from.,., 33® 68 N, Mer. parts 2169 

Diff, latitude 3 44 N. 

Latitude in 37 42 N. Mer. parts 2446 

Mer. diff. lat... 276 


To find the difference of longitude. 


L tan course 

6J points 

= 

10*27204 

Log. mer. diff, latitude 

....276 miles 


2*44091 

10 

Log. diff, longitude .... 
^r— “ 

616*3 


2*71296 

Log. dep 

420 

— 

2-62325 

Log. mer. diff, latitude .... 

276 

= 

2-44091 

6-06415 

liOg. true diff. latitude 


=: 

2-36121 

Log. diff. longitude .... 



2*71295 


6. — A ship fbom St Mary’s, in Lat. 36® 67' N., Long. 26® 9' 
sailed on a direct course between the north and east 1162 
miles, and was then, by observation, ia Lat. 49® 67' N. ; required 
the course steered, and longitude come to. 

Latitude of St Mary’s... 36® 67' N. Mer. parts...... 2389 

Latitude in 49 67 N. Mer, parts 3470 

Diff. latitude 13 ON, Mer. diff. lat... 1081 N. 


780 N. 

By Construction. — Make AB equal to 
780, and AD equal to 1081 ; draw BO, 

DE, perpendicular to AD ; make A(J 
equal to 1162, and through A and C 
draw ACE. Then the course or angle 
A being measured, will be found equal 
47® 60', and the difference of longitude 
DB will be 1194. 

By Calculation, — ^To find the course. 

Log. true diff. latitude...; 7804*10 = 12*89209 

Log. dist... .....1162 = 3*06621 

L cos course 47® 60' = 9*82688 

To find difference of longitude, 

L tan course 47® 60' = 10*04302 

Log mer. diff. latitude 1081 miles = 3*03383 

^10 

Log. diff, longitude 1194 = 3*07686 

Longitude from 26® 9' W, 

Diff. longitude 19 54 E. 

Longitude in 6 16 W, 



B». 4.— A ship sailed from Sallee, in Lat, 33® 68' N., Long. JSko. 6.— From Aberdeen^ in Lat. 67® 9' N., Long, 2® 8' W,, u 
6® 20' W., the corrected course was N. W. by W.JW., and departure ship sailed between the south and east till her departure was 146 
420 miles ; required the distance run, and the latitude and mUes, and Lat. In 63® 32' N. ; required the course and distance 
longitude in, xun^ and longitude In* 
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TiatStude Aberdeen 67® 9' N. Mer* parts,*.., 4199 

Latitude in 63 32 N. JMer. parts QB17 

Liff. latitude iri7=:217 S. Mer. diff. lat... 382 

JOff Construction , — With the difference of 
latitude 217 miles, and departure 146 miles, 
construct the triangle ABO ; make AD equal 
to 382, draw DE parallel to BO, and produce 
AC to E ; then the course BAO will measure 
33* 56', the distance AO, 261, and the differ- 
ence of longitude DE, 257. 

By CalculatiQn,^^o find the course. 

Log.dep 146-1-10=: 12'16436 

Log. true diff. lat. ..217 = 

L tan course... 33® 56' =: 9’82789 

To find the distance. mg, 20. 

L sec course 33® 56' = 10*68109 

Ijog, true diff. latitude 217 miles s= 2*33646 

-10 


Log. <liBt * 

261*6 = 2*41765 

To find tho differeiico of longitude. 

Log. xner. diff. latitude 

382 = 2*68206 

Log. dep 

146 = 2-16436 


4*74641 

Log. true diff. latitude 

2ir = 2-33646 

Log. diff. longitude 

257 = 2*40996 

Longitude from 

2® 8'W. 

Diff. longitude 

4 17 E. 

Longitude In 

..2 



Mercator's 

^Sailing. 


and is found, by observation, to be in Long. 18® 24' W. ; required Traverse 


the latitude come to, and distance sailed. 

Longitude of Terceira 27® 6' W* 

Longitude in 18 24 W. 


Diff. longitude 8 42 = 522 

By Construction , — Make the right-angled 
triangle ADE, having the angle A equal to 
the course 32®, and the side DE equal to the 
difference of longitude 522 ; then AD will 
measure 836, which, added to the meridional 
parts of the latitude left, will give those of the 
latitude come to, 48® 46' ; hence the difference 
of latitude is 601. Make AB equal thereto, to 
which let BO be drawn perpendicular ; then 
AC applied to the scale will measure 708 miles. 


Sailing, or 
]g Compound 
Courses. 



Fig. 21 


By Calcukciton , — ^To find meridional difference of latitude. 

L cot course 32® 0' = 10.20421 

Log. diff* longitude 522 miles == 2'71767 

-10 

Log. mer. diff. latitude 835*2 K. == 2*92188 

Latitude from Tercera 38® 46' K. Her# parts..* 2526 

Mer.diff.Iat, 836 

Latitude in 48 46 K . 3361 

True diff. latitude .... 10 1 K.=:601 mileslf. 


To find the distance. 

li sec cotxrse 32® 0' == 10*07158 

Log. true diff. latitude 601 miles = 2*77887 

-10 

Log. dlsi 707*1 =5 2*85046 


Ba. 7.— A ship from Naples, in Lat. 40® 61' N., Long. 14® 14' E., 
sailed 252 miles on a direct course between the south and west, and 
made 173 miles of westing ; required the course made good, and 
the latitude and longitude in. 


By Oonserwceion.— With the distance 
and departure make tlie triangle ABO as 
formerly. Now the course IJAO being 
measured Ity meatiB of a lino of chords, will 
he found equal to 43® 21', and the differ- 
ence of latitude applied to the scale of 
equal parts will measure 183 ; hence the 
latitudo In is 37® 48' N., and meridional 
difference of latitudo 237. Make AD 
equal to 237, and complete the figure, and 
the difference of longitude DE will mea- 
sure 224 ; hence the longitude in it 10*® 
30' E* 


A 



K 0 

Fig* 21. 


By Cakulation,‘-^To find the course. 

Log.dep 173+10= 12*23806 

Log. diet * m = 

L sin course... * 43® 21' = 9'83W 


To find the true difference of latitude. 

L cos course.. 43® 21' = 9*86184 

Log. diet 262 miles = 2*40140 

-10 

Log. true diff. latitude 183*2 = 2*26304 

Latitude from (Naples) .... 40®'6l' N. Mer. parts... 2690 

True diff. latitude 3 3 8. 

Latitude in 37 48 N. . Mer. parts... 2453 

Mer. diff. lat. ‘li’7 

To find the difference of longitude. 

hun<mm 43® 21' = 9*97497 

liOg. mer. diff. latitude. 237 miles = 2*37475 

^ -10 

Log. die longitude 223*7 = 2*34972 

I.K)ngltude fVom 14® 14' E. 

Diff. longitude 3 44 W. 

Longitude Itt......... 10 30 K 

JE». 8.— A ship from Terceira, in Lat, 38® 45' N., Long. 27® 6' 
W., sailed on a direct course, which, when corrected, was N. 32® 


Chap, IV.— ON THAVBRSB SAILING, OR COMPOUND 
COURSES. 

It is the first business of the navigator, when he is about 
to conduct a ship from one port to another, to calculate be- 
forehand the course on which the vessel is to be steered, and 
the distance she must run on that course. If the sea is 
perfectly free from obstruction between the two ports, one 
course and one distance will suffice for this purpose. It 
very seldom happens, however, that the sea is free from 
obstruction ; but rocks or shoals, islands or some part ot 
a mainland, intervenes, and a change of course is thus ren- 
dered necessary. In this case, the course and distance or 
the vessel, 8upf)0.sing the navigation unobstructed, having 
been taken from the chart, the mariner will determine how 
many changes of course are necessary, and will proceed to 
calculate the several courses and whi^ shall be 

equivalent to the one course and distance m which the 
vessel would sail if unobstructed. This calculation, it must 
be remarked, Is very different from that of the course and 
distance actually made md on a given day, when, by rea- 
son of variation of winoB and otiier causes, the course re- 
ouircs to be altered; although naturally the modes of making 
taese calculations are similar. In the former case, however, 
the distances to be dealt with are very much greater, and Ae 
changes of course less frequent, than in the latter. 

The investi^tions of this chapter are intended to guide 
the navigator in making his preliminary calctilation ; the 
mode of correcting the course and calculating the distance 
run in each day will form the subject of a subsequent in- 
vestigation. 

If a ship sail on two or more courses in a given tiihe, 
the irregular track she dcsaibes is called a traverse ; and 
to resolve a traverse is the method of reducing these sevem! 
courses and distances run into a single course and distance. 

Rule 1 . — Make a table sufficiently large to contain the 
several courses, &c. Divide this table into six columns ; 
the courses are to be put in the first, and the corresponding 
distances in the second column ; the third and fourth co- 
lumns are to contain the differences of latitude, and the two 
last the departures. 
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Traverse The several courses and their corresponding distances 
Sailing, or being properly arranged in the table, find the tme difference 
Compound of latitude and departure answering to each in the traverse 
Courses, table, remembering that the true difference of latitude is to 
be put into a N. or S. column according as the course is 
in a northern or southern direction, and that the departure 
is. to be put in E. or W. column according as the course is 
(easterly or westerly. Add together these several quantities 
in each of the columns, and set the sum down at the bot- 
tom. The difference between the sums in the N. and S. 
columns will be the true difference of latitude made good, 
of the same name with the greater ; and the difference be- 
tween the sums of the E. and W. columns is the departure 
made good, of the same name with the greater sum. 

Look in the traverse table for a true difference of latitude 
and departure agreeing as nearly as possible with those 
above ; then the distance will be found on the same line, 
and the course at the top or bottom of the page, according 
as the true difference of latitude is greater or less than the 
departure, since in the former case the course is l.ess than 
45^ or 4 points, and in the latter case greater. 

Having found the latitude, find also the meridional dif- 
ference of latitude ; and to the course and meridional dif- 
' ference of latitude in a latitude colump, the corresponding 
departure will be the difference of longitude, which, applied 
to the longitude from, will give the longitude in. 

It is also easy to resolve a traverse by construction ; and 
we now show how this may be done, although it is scarcely 
ever practised at sea. 

Describe a circle with the chord of 60° as radius, and 
in it draw two diameters at right angles to each other, at 
whose extremities are to be marked the initials of the car- 
. dinal points, N. being uppermost. 

Lay off each course on the circumference, reckoned from 
its proper meridian ; and from the centre to each point 
draw lines, which are to be marked with the proper number 
of the course. 

On the first radius lay off the first distance from the 
centre, and through its extremity, and parallel to the second 
radius, draw the second distance of its proper length ; 
through the extremity of the second distance, and parallel 
to the third radius, draw the third distance of the proper 
length ; and so on until all the distances are drawn. 

A line drawn from the extremity of the last distance to 
the centre of the circle will represent the distance made 
good ; and a line drawn from the same point perpendicular 
to the meridian, produced if necessary, will represent the 
departure ; and the portion of the meridian intercepted 
between the centre and departure will be the difference of 
latitude made good. 

To construct for the difference of longitude we must find 
by the table the meridional difference of latitude, and lay 
it off on the meridian, and then complete the triangle simi- 
lar to that whose sides represent the true difference of lati- 
tude ; distance and departure as usual. 


Latitude from 38° 32' N. 

True difl?! latitude 3 30 S. 

Latitude in 35 2 N. 


Mer. parts 2509 


Mer. parts 2247 

Mer. diff. lat... 262 
Now to course 41J-°, and opposite 131, half the meridional 
difference of latitude in latitude column, stands 115 in a departure 
column, which doubled gives 230 for difference of longitude. 

Longitude from 28° 36' W. 

Diff. longitude 3 50 E. 

Longitude in 24 46 W. 

By Construction . — With chord of 60° describe the circle NESW 
(fig. 23), the centre of which represents the place the ship sailed 
from. Draw two diameters NS, 

EW, at right angles to each other, 
the one representing the meri- 
dian, and the other the parallel 
of latitude of the place sailed 
from. Take each course from the / 
line of rhumbs, lay it off on the W i- 
circumference from its proper ' 
meridian, and number it in order, 

1, 2, 3, 4. Upon the first rhumb 
Cl, lay off the first distance 163 
miles from C to A; through it 
draw the second distance AB 
parallel to C2, and equal to 110 
miles ; through B draw BD equal 
to 180 miles, and parallel to 03 ; 


Traverj 

Sailing, 

Oompoui 

Coursei 



Fig. 28. 


and draw DE parallel to C4, and equal to 68 miles. Now CB being 
joined, will represent the distance made good, which, applied to the 
scale, will measure 281 miles. The arc Sn, which represents the 
course, being measured on the line of chords, will be found equal 
to 41 J°, Prom E draw El)’ perpendicular to C8 produced ; then 
CP will be the difference of latitude, and FE the departure made 
good, which, applied to the scale, will be found to measure 210 and 
186 miles respectively. On OP produced lay off to the scale CG 
equal to 262, the meridional difference of latitude ; and through G 
draw Gtl parallel to PE, meeting CB produced in H. Then GH is 
the difference of longitude ; and, when applied to the scale, will be 
found to measure 230 miles. 

Although the above method is that usually employed at 
sea to find the difference of longitude, yet, as it has been 
already observed, it is not to be depended on, especially 
in high latitudes, long distances, and a considerable varia- 
tion in the courses; in which case the following method be- 
comes necessary : — 

Rule 2, — Complete the traverse table as before, to 
which annex five columns. Now, with the latitude from, 
and the several differences of latitude, find the suc- 
cessive latitudes, which are to be placed in the first of the 
annexed columns ; in the second, the meridional parts cor- 
responding to each latitude are to be put; and in the third, 
the meridional differences of latitude. 

Then to each course, and corresponding meridional dif- 
ference of latitude, find the difference of longitude by Ex. 4, 
chap, iii., which place in the fburdi or fifth columns, ac- 
cording as the course is easterly or westerly ; and the dif- 
ference between the sums of these columns will be the dif- 
ference of longitude made good upon the whole, of the 
same name with the greater. 


JS?«. 1. — A ship from Payal, in Lat. 88° 32' N., and Long. 28° 
36' W., sailed as follows B.S.E., 163 mUes ; S.W.^W., 110 miles; 
S.B.|S., 180 miles ; and N. by E. 68 miles : required the latitude 
and longitude in, the course, and distance made good. 


Course. 

Dist. 

Diff. of Lat. 

Departure. | 

N. 

s. 

£. 

w. 

B.aE 

163 

... 

62*4 

160-6 

• . « 

S.W.iW 

no 

... 

69*8 

... 

85-0 

S.E.£B. ....... 

180 

••• 

144-5 

107-2 

... 

N. by B 

68 

66-7 

... 

13-3 

... 

j 


66-7 

176-7 

271-1 

85-0 

1 



66-7 

86-p 




281 . 


2100 

186-1 



Remarksrn 

1. When the course is north or south, there is no differ- 
ence of longitude. 

2. When the course is east or west, the <fifference of 
longitude cannot be found by Mercator^s Sailing ; in this 
case the following rule is to be used : — 

To the nearest degree to the given latitude taken as a 
course, find the distance answering to the departure in a 
latitude column ; this distance will be the difference of 
longitude. 

Mss. 2, — A ship ft<m Lai 78° 15' N., Long. 28° 14' B., jailed the 
following courses and distances, viz. : — W.N.W. 154 miles, S.W. 
96, N.W.J*W. 89, N. by B. 110, N.W.f N. 66, S. by B.f E. 78. The 
latitude in is required, and the longitude, by both methods ; the 
hearing and distance of Hacluit’s headland, in Lai 79° 

Long. 11° 55' B., is also required. 




rallel 

lling. 
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TaA.vaasE Table. 




biff. of latitude. 

Departure. 

Courses. 


Disk 






K. 

s. 

B. 

w. 

W.N.W 


164 

68*9 

... 

• * « 

142*3 

S.W 


96 

... 

as 


67*9 




89 

66-4 

... 

... 

68*8 

NT. 7>y E 


110 

107*9 

? r t 

21*6 


ir.w.iir 


66 

45*0 

. 

... 

33*4 

S. 


78 

... 

73-4 

26*3 

... 




268*2 

141*3 

47’8 

312*4 




141*3 



47*8 




126-» 



264*6 


By Rule 1. 




Lat. from 

78® 16' N. 

Mer. parts 

-.7817 

Diff. lat 


7 N. 




Xjat, 

80 

22 isr. 

Mer. narts...... 

..8504 

Met. diff. lat. ..... 






.. C87 

Xjog. mer. diff. lat. ... 




= 2*83696 

Log. dep. 



264*6 

= 2*42266 






6*25952 

Log. true diff. lat. .. 





= 2*10346 

Log, diff. long, .. 



143*2 

= 3*16606 




23® 62' W. 


Long, from ...... 



28 14 E. 


Long, in 




4 22 B. 


The error of this method, in above example, is therefore 1® 23% 


LoKOZT02>X 


SQQOQSKiTe 


Merid. Parts. 


78** 15' 
79 14 

78 5 

79 2 

80 50 

81 36 
80 22 


7817 

8120 

7774 

8056 

8676 

8970 

8504 


Meridional 

Lat. 


303 

346 

282 

620 

294 

466 


Difr.ofX*ongitttde- 


123*6 

166‘7 


731*7 

346*0 

343*6 

218*0 


j 

I 290*3 


1639*3 

290*3 


! 1349*0 

Long, from * 28^ 14' K. 

Diffriong 22 29 W. 

Long. in....... 5 45 B. 


To find tho bearing and distance of Haciait*f batdland-*- 

Lat. n. H. = 79® 66' K. H, P, 8347 Long. 11® 66' B. 

Lat, ship = 80 22 N . M. F. ^4 Long. 6 46 B. 

M. L. L. 167 


DiC lai ss 0 27 S. 


DiClong . 6 10 H 
370 


How, opposite to 78*6, half the meridional difference of latitnde, 
and 185*0, half the difference of longitude, stands the course 67®; 
and opposite to the difference of latitude 27, the distance is 69 
miles. Hence Haclulf s headland bears B. 67® distant 69 
miles. 


Parallel 

BaUing. 


Chap. Y.---OF PARALLEL SAILING. 

When tlie course is 8 points or 90® from the meridian, 
— Le,y due E. or W., — the true difference of latitude be- 
comes =0, and the rules we have investigated in chaps, 
iii. and iv. fail to give any result. In this case the ship 
sails on a parallel of latitude. We have already proved in 
chap, i., that, neglecting the earth's oblatcness, the arc of 
a parallel, in any given latitude, intercepted between two 
meridians, is equal to the corresimnding arc of the equator, 
in other words, the difference of longitude, multiplied by the 
cosine of the latitude. 

Whence we derive these three formute for parallel sail- 
ing:— 

Distance =* diff. longitude x cos latitude ; 

Cos latitude « distance -f - diff. longitude ; 

Diff. longitude « distance x sec latitude. 

Problems in parallel sailing may be solved by construc- 
tion ; for it is evident that we have only to construct a right- 
angled triangle whose hypothenuse is the difference of lon- 
gitude, one of the sides the distance, and the angle between 
this side and the hypothenuse the latitude. Also it is evi- 
dent, that in a traverse table, if we consider the latitude 
a course, and the difference of longitude a distance, the 
distance will be a true difference of latitude. 

Mm X Required the number of miles contained in a degree of 

longitude In latitude 65® 68'. 

JBy Cwinruction , — Draw the in- 
definite right line AB (fig. 24) ; 
make the angle BAC edual to the 
given latitude 66* 68% and AO 
equal to the number of miles con- 
tained in a degree of longitude at 
ibe equator, namely, 60; jft?6m 0 
draw CB perpendicular to AB; 
and AB being measured on the Fij^.24. 

line of equal parts, will be found equal to 33*6, the miles required# 


By caZcMZatt'on— 

L cos lat 65* 68' s 9*7479360 

Log. miles in a degree 60 s: 1*7781513 

-1 0 

Log. miles in a deg. in lat. 55* 58^.. 33*58 = P5260873 

By Tmpection , — To 56®, the nearest degree to the given latUudi. 
and distance 60 miles, the corresjKjnding difference of latitude la 
33*6, which is the miles required. 

By Gunter t — The extent from 90” to 34% the complement 
of the given latitude on the line of sines, will reach from 60 to 33*6 
on the line of numbers. 

There are two lines on the other side of the eeale, with vemel 
to Gunter 8 line, adapted to this particular pt»r|Mwe^ OHO of whldi 
it «ntltlf*d dif^de, and contains tlm several degrees of latitude ; the 
other, marked hi. L., signifying miki of is the 

pitttder, and shows the number of miles in a degree of longitude In 
each parallel. The use of these lines Is therefore obviona* 

Bm % — ^Required the compsss oouiie and distance from A to B. 

Given lat. A=5l7® 30' S. Long. A= 9* 12' B. 

lat.B=sl7 30 a Long. B=5:10 42 E. 

Variation If B., and deviation as In the table on p. 13. 

The true course Is due E« 

Also, long. A = 19® 12' B. 
long. B = 10 42 B. 

Biff. long. = 1 30 =90 B. 

Log. diff, long 90 = 1*954243 

Lcoelat.... 17® 3(K = 9*979419 

-10 

Log. disk 85*8 m. = 1*933662 

To find compass coarse. 

Ftf. qrn. 

True course..... 8 0 right of 

Variation leltofN. 

6 1 rightofN.,<«!*B.lf#®4B# 
Deviation by table9®55' B., or 0 3 left of K. 

Compass course.. 5 2 r. of 
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Parallel 

Sailing. 


3. — A ship sails from Treguier in Prance, Long. 8° 14' "W., 
to GaspeyBay, Long. 64® 27' *W.,the common Lat. being 48® 47' N.; 
required the distance run. 

Longitude from 3° 14' W. 

Longitude in 64 27 W. 

61 13=3673 W. 

L cos latitude 48® 47' = 9*8188260 

Log. diff. longitude 8673 = 3:5660209 

-10 


Log. distance run 2420 = 3*3838459 

4. — A ship from Cape Pinisterre, Lat. 42® 62' N,, Long. 
9® 17' W., sailed due W. 342 miles; required the longitude in. 

By Construction, — Draw the straight line AB (fig. 25), equal to 
the given distance 342 miles, and make the 
angle BAG equal to 42® 62', the given lati- 
tude; from B draw BO perpendicular to AB, 
meeting AC in C; then AO applied to the 
scale will measure 466 J, the difference of lon- 
gitude required. 

By Calculation — 

Lcoseclat 42® .62' = 10-13493 

Log. distance 342 = 2*63403 

-10 

Log. diff. long. 466-6 =s 2-66896^ Fig. 25, ^ 

Long. Cape Pinisterre 9® 17' W, 

Diff. longitude..... .7 47 W. 

Longitude in 17 4 W- 

JBx, 6. — A ship sailed due B. 368 miles, and was found by obser- 
vation to have differed her longitude 8® 42' ; required the parallel 
of latitude. 



By Cowrtructwn,— Make the line AB (fig. 26) equal to the given 
distance ; to which let BO be drawn per- 
pendicular, with an extent equal to 622', 
the difference of longitude; describe an 
arc from the centre A, cutting BO in 0 ; 
then the angle BAO, being measured by 
means of the line of chords, will be found 
equal to 463®, required latitude. 

By Calculation-^ 

Log.dist 368+10 =12-66388 

Log. diff. long. 612 = 2*71767 

L coslat... .46® 42' = 9*83621 



JEx. 6,-— Prom two ports in Lat. 33® 68' N*., distance 348 miles, 
two ships sail directly N. till they are in Lat. 48® 23' N. ; re- 
quired their distance. 

By Construction , — Draw the lines OB, OB 
(fig. 27), making angles with OP equal to 
the complements of the given latitudes, 
namely, 66® 2' and 41® 37' respectively. 

Make BD equal to the given distance 348 
miles, and perpendicular to CP. Now from 
the centre 0, with the radius CB, describe 
an arc intersecting CB in B ; then BP 
drawn from the point B, perpendicular to 
CP, will represent the distance required ; 
which being applied to the scale, will 
measure 278} miles. 

By Calculation, as under • — 

Log. given distance 348 miles = 2-64168 

L cos lat. in 48® 23' = 9-82226 

12*36384 

Ij cos lat. from 33® 68^ = 9-01874 

Log. distance required 278-6 miles = 2*44610 

Bx, 7, — Two ships, in Lat. 66® 0' N., distant 180 miles, sail due 

S. ; and having come to the same parallel, are now 232 miles 
di^ani The latitude of that parallel is required. 



By Cbnitrttctton.-— Make DB (fig 28) 
equ^ to the first distance 180 miles, DM 
equal to the second 232, and the angle 
DBO equal to the given latitude 66®. Prom 
the centre 0, with the radius OB, describe 
the arc BB; and through H draw MB 
parallel to CD, intersecting the arc BB in 
B. Join BO, and draw BF perpendicular to 
CD j then the angle PBO will be the lati- 
tude required ; which, being measured, will 
be found equal to 43® 63', 



By Calculation, as under 


L cos lat. from 66® 0' = 9*74756 

Log. distance on required parallel 232 miles = 2*36549 

12-11305 

Log. distance on known |)arallel. . . 180 = 2-25527 

L cos latitude in 43° 53' = 9*85778 


Middle- 

Latitude 

Sailing. 


Chap. VL^-OF MIDDLE-LATITUDE SAILING. 


It has been already explained in chap. ii. that the 
departure is greater than the intercepted arc of the 
parallel of the higher latitude, and less than that of the 
parallel of the lower of two places between which a ship 
sails; hut that there is an intermediate parallel, the arc of 
which is exactly equal to the departure. This parallel is 
supposed to pass through the middle point between the ex- 
treme latitudes ; and hence tlie latitude of this point is 
called the middle latitude. The relations between course, 
distance, departure, and true difference of latitude are to be 
found as in chap. iii. ; and the relation between the de- 
parture and difference of longitude is given by the above 
considerations, viz., — 

Departure— diff. long, x cos mid. latitude. 

But departure = true diff. lat. x tan course. 

Hence we get 

True diff, lat. x tan course = diff. long, x cos mid. lat. (a.) 
also departure = distance x sin course. 

Whence also 

Distance x sin course = diff. long, x cos mid. lat. (b.) 

If ABC (fig. 29) be the triangle for plane 
sailing, where AB is the true difference 
of latitude, AC the distance, BAC the 
course, and BC the departure ; at C make 
BCD equal to the middle latitude, and 
produce CD to meet AB produced in 
D 5 then CD is evidently the true dif- 
ference of longitude, and all the problems 
may be resolved and constnicted by the 
two triangles which have a common side, 

— viz., the departure BC. 

Also problems in middle-latitude sailing 
may be solved by the traverse table ; for 
the relations between middle latitude, difference of longi- 
tude, and departure, are the same as those between course, 
distance, and true difference of latitude, and may therefore 
be found at once by inspection from the table. 


A 



Ex. 1. — Required the compass course and distance from the Island 
of May, in Lat. 66® 12' N. and Ijong. 2° 37' W.,“to the Naze of Nor- 
way, in Lat. 67® 60' N., and Long. 7® 27' B, ; variation 2} W. 

Latitude Isle of May 66® 12' N. 66® 12' 

Latitude Naze of Norway 67 60 N . 67 60 ^ 

Difference of latitude 1 38=98' N. 114 2 

Middle latitude 67 1 

Longitude Isle of May 2® 37' W*. ' 

Longitude Naze of Norway.. 7 27 B. 

Difference of longitude 10 4=604' B. 


By Construction , — Draw the right line AD (fig. 30) to 
epresent the meridian of the May; with x> 
he chord of 60° describe the arc nm, upon 
rhich lay off the chord of 32® 69', the 
omplement of the middle latitude from vn to 
i. Prom D through n draw the line DO equal 
0 604', the difference of longitude ; and from 
5 draw CB perpendicular to AD ; make BA, * 
iqual to 98', the difference of latitude, and 
om AO; which, applied to the scale, will 
ueaaure 343 miles, ^e distance sought ; and ^ 
he angle A being measured by means of the ‘ 

Ine of chords, he found equal to 73® 24', 
he requited course. 
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MidaU- 

Latitude 

Sailing. 


By Calculation * — To find the course, 

li cos mid, latitude 57® 1' = 9*73691 

Log. diff. longitude 604 miles = 2 78104 

12'51695 

Log. true diff. latitude 98 = 1*99128 

L tan course 73® 24' = 10*52572 

Or course =: K. 73® 24' E. 

To find the distance. 

Ij sec course 73® 24' = 10*644X1 

Log. didr. latitude 98 miles =; 1*99123 

-J10__ 

Log. distance 343 sn 2*53634 

The true course is N. 73® 24' E,, or E.N'.E.iB. nearly. 
VU* qvB* 

True course C 3 right of K. 

Variation 2 2 right of N. 


9 

Or 6 

Deviation 0 


1 right of N., or 
3 left of S. 

2 left of S. 


Compass course 7 1 or B.|S. 

2 . — A ship from Brest, in Lat. 48® 23' 
K., and Long. 4® 30' W., sailed S.W.|W. 
238 miles ; required the latitude and longl^* 
tttde in. 

By Comtrmtion , — With the coarse and 
distance construct the triangle ABC (fig. 31), 
and the difference of latitude AB being 
measured will be found equal to 142 miles; 
hence the latitude in is 46® 1' N., and the 
middle latitude 47® 12'. Now make the 
angle DOB equal to 47® 12' j and 1)0 being 
measured will bo 281, the dlffcrcnco of longU 
tttde ; hence the longitude in Is 9® ll' W. 



Fi«. M* 


By ClaZcukn'on.— To find the difference of latitude. 

L cos course 4| pts. =: 9*77603 

Log. distance 238 miles =: 2*37068 

^10 

Log. true diff. latitude 141*8 =r 2*16161 

Imt Brest 48® 23' N. 48** 23' N, 

Diff, latitude 2 22 S. Half. I U 8. 

Latitude in 46 1 Wid. lat 47 12"Vi 

To find the difference of longitude. 

Log.dittance. 238 ts 2*37668 

L sin course 4| pti. ss 9*90483 


Diff. oflatitude 11 34=694' 

Middle latitude . 

Jfy (hmmction*>-^Comtvixct the triangle 
ABO (%* 32), with the given course and 
difference of XatUude, and make the a^le 
BCD equal to the middle latitude. Now 
th« distance AO and difference of longitude 
DO being meastttedi will bo found equal to 
864 and 668 respectively. 

By Caletthtion^^fo find the distance. 

%i ms coarse 3| pti. aa 10*09617 

Log. diff. latitude 694 miles = 2*84136 

Log. distance., ,,.,864 ss 2*93663 


17® O' N. 
28 34 y. 

46 34 N. 
47 K. 



To find the difference of longitude. Middle 

L tan course ^ pta. = 9*87020 I^atit«d< 

Log. diff. latitude 694 miles = 2*84136 Sailing 

1271156 

L cos mid. latitude 22® 47' = 9*96472 

Log. diff, longitude 658*3 ="”274684"' 

Long. St Antonio 24® 26' W, 

Diff. longitude 9 1 $ W. 

Longitude in 33 43 W. 

Ex* 4.— A ship from Lat, 26® 30' N,, and Long. 46® 30' W., 
sailed N.E.|N, till her departure is 216 miles; required the 
distance run, and latitude and longitude come to. D 

By CoMtruction* — With the course and de- 
parture construct the triangle ABC (fig. 33 ) ; 
and the distance and difference of latitude 
being measured will be found equal to 340 
and 263 respectively. Hence the latitude in 
is 30® 63', and middle latitude 28® 42', Now- 
make the angle BOD equal to the middle 
latitude, and the difference of longitude DC 
applied to the scale will measure 246 . 

By Cakulaticn*^To find the distance. sa, 

Xi coscc course 3| pts. ss 10*19764 

Ug* departure 2X0 miles = 2*33446 

-10 



5= 12*28141 

Log. cos mid. latitude 47® 12'= 9*83216^ 

Log, diff. longitude 281*3 ="*2*41^26 

Long. Brest 4® 30' W. 

Diff. longitude 4 41 W. 

Longitude in 9 11 W. 

Ex* 3. — A ship from St Antonio, in Lai 17® 0' N. and liong. 
24® 26' W., sailed N.W.fN,, till, by observation, her latitude was 
found to be 28® 34' N. ; required the distance sailed, and longitude 
come to. 

Latitude St Antonio 17® 0' N. 

liatltudo by observation 28 34 N- 


Log. ^stance 

,.. 340-6 = 2-63109 

To find the true difference of latitude. 

L cot course 

.. Sj^ptf. := 10-08683 

Log. departure 

.. 216iaUo«= 2-33445 
-10 

hog* true diff. latitude 

263-2 sa 2-42028 

Latitude from 26® 30' N. 

26“ 30' 

Diff. ktituao 4 2.3 N. 

H«If 2 12 K. 

Lititude la... 30 55 N. 

Mid,kt.28 42~N^' 

To find the difference of longitude. 

L sec mid. latitude 

. 28“ 42' 1= 10-06693 

JjOg* departure 

. 218 wilM = 2-33443 
-10 

I/og. diff. longitude 

246-2 = 2-S9138 

Longitude fnra 

... 45“ 30' \V. 

Diff, longitude 

.... 4 6 K. 

l^fongitttde in 

41 24 W7 


Ex* 6.— From Cape Sable, la Lot 43® 24' K., and lamg, 66® W 
W., a ship tailed 246 mites ou a (Bred ootixee between the S. 
and B,, anil was ^hm by obeemtien In Lat. 46® 48' N,; rt- 
quirad the oourae, and longUude in. 

Latitude Cape Sable.. ,,.,.,43® 24' N. 43® 24' N. 

Latitude by observatl<m,. .40 4 8 N. 40 48 N, 

Diff. ofktitttde 2 36=166 8. Bum 84 

Middle latitude 42 6 N. 

By Make AB (fig. 34) equal to 166 mUes» 

draw BC perpendicular to AB, and make AC; 
equal to 246 miles ; draw CD, making with 
CB an angle of 42® 6', the middle latitude. 

Now DC will be found to measure 266, and 
the oouvse or angle A will meagure 60® Sl^. 

By Oalaxlaiion^’^Tkt find the eourie. 

JiOg. diff. latitude 1664* 10 = 12*19312 

Log. dist 246 = 2*3909 3 

L coeoottrse..,60®39' = 9*80219 



To find the difference of bn^tude. 

f. diet 

In couree,. 




mg*m 


246 = 2*39093 

60® 39' =s 9*88834 

if^m 

L cos mid. latitude ,......,42® 6' = 9*87039 

Log, diff. longitude 266*4 as 2*40 88 
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Latitude 

Sailing. 


Longitude from 65® 39' W. 

Dijffe longitude 4 16 S. 

f Longitude in 61 23 W, 

Ux. 6.— A ship from Cape St Vincent, in Lat. 37® 2' K., Long. 
9® 2' W., sails between the S. and W , ; the latitude in is 18® 16' 
IS,, and departure 838 miles ; required the course and distance 
run, and longitude in. 


Latitude Cape St Vincent 37® 2' N. 
Latitude in 18 16 13'. 


37® 2'N', 
18 16 N. 



Difference of latitude 18 46=1126 S. Sum 65 18 N. 

Middle latitude... 27 39 K 

-Bp Construction , — Make AB (fig. 36) equal to the difference of 
latitude 1126 miles, and BC equal to the 
departure 838, and join AC 5 draw CD so as 
to make an angle with OB equal to the middle 
latitude 27® 39'. Then the course being mea- 
sured on chords is about 36|®, and the dis- 
tance and difference of longitude, measured on 
the line of equal parts, will be found to be 
1403 and 946 respectively. 

By Calculation , — To find the course. 

Log. departure 838+10= 12*92324 

Log. diff. latitude 1126 = 3*05154 

L tan course 36® 39' = 9*8717o' Fig. 85. 

To find the distance. 

L sec course 36® 39' = 10*09566 

Log. diflf. latitude 1126 = 3*05154 

-10 

Log. dist 1403 = 3*14720 ' 

To find the difference of longitude. 

Log. departure 838 = 2*92324 

L sec mid. latitude 27® 39' = 10*05266 

-.10 

Log. diflf. longitude 946 = 2*97590 

Longitude from 9® 2' "W. 

Diff. longitude 15 46 W. 

Longitude in 24 48 W. 

JEte, 7. — A ship from Bordeaux, in Lat. 44® 60' IS., and Long. 
0® 35' Wf, sailed between the K. and W. 

374 miles, and made 210 miles of westing; re- 
quired the course, and the latitude and longi- 
tude in. 

By Construction, — ’With the given distance 
and departure make the triangle ABC (fig. 36). 

Kow the course, being measured on the line of 
chords, is about 34^°, and the difference of lati- 
tude on the line of numbers is 309 miles ; hence 
the latitude in is 49® 69' N., and middle latitude 
47° 26'. Then make the angle BCD equal to 
47® 26', and DC being measured, will he 310 
miles, the difference of longitude. 3$. 

By Calculation . — ^To find the course. 

Log. departure 210 + 10= 12*32222 

Log. distance 374 = 2*67287 

L sin- course 34® XO' = 9*74936 

To find the true difference of latitude. 

L cos course 34® 10' = 9*91772 

Log. distance 374 = 2*67287 

-10 



Log. diff. latitude 309*4 = 2*49069 


Latitude from 44® 60' N. 

True diff, latitude 6 9 K. 


44® 60' IST. 
Half, 2 86 H. 


Longitude from 0® 36' W. 

Diff. longitude 5 10 W. 

Longitude in 6 46 "W. 

Bx, 8. — A ship from Lat. 64® 66' H,, Long. 1® 10' W., sailed 
between the N". and E. till, by observation, she was found to be 
in Long. 6° 26' B., and has made 220 miles of easting ; required 
the latitude in, course, and distance run. 

Longitude from .1® 10' W. 

Longitude in 5 26 E . 

Difference of longitude 6 36=396 E* 

By Construction, — Make BO (fig. 37) equal to 
the departure 220, and CD equal to the differ- 
ence of longitude 396 ; then the middle latitude 
BOD being measured, will be found equal to 
66® 16' ; hence the latitude come to is 67® 34', 
and difference of latitude 168'. How make AB 
equal to 168, and join AC, which, applied to the 
scale, will measure 271 miles. Also the coarse 
BAC, being measured on chords, will be found 
equal to 54i®. Fi^.87, 

By Calculation, — ^To find the middle latitude. 

Log. diff. of longitude 396 + 10= 12*69769 

Log. departure 220 = 2*84242 

L sec mid. latitude * 56® 16' = 10*26627 

Double middle latitude 112° 30' H. 

Latitude from 64 66 H, 

Latitude in 67 34 H. 


23 

Oblique 

Sailing. 



True diff, latitude 2 38=158 miles H. 

To find the course. 

Log. departure 220+10= 12*34242 

Log. diff. latitude 168 = 2*19866 


L tan course 64® 19' = 10'1437e 

To find distance. 

L sec course 54® 19' = 10*23410 

Log. diff. latitude 168 = 2*19866 

-10 

Log. distance 270*9 = 2*43276 

Bx. 9. — ^A ship from a port in H. Lat., sailed S.E.JS. 438 
miles, and differed her Long. 7° 28'; required 
the latitudes from and in. 

By Construction . — With the course and dis- 
tance construct the triangle ABO (fig. 38), and 
make DO equal to 448, the given difference of 
longitude. How the middle latitude BOD will 15 
measure 48® 68', and the difference of latitude 
AB 324 miles ; hence the latitude from is 61® 40', 
and latitude in 46® 16'. 


By Calculation , — To find the true difference of 
latitude. 

L cos course 3$ pts. 

Log. distance 438 miles 



1 ) 

7ig. sa. 
= 9*86979 
= 2*64147 
-10 


Latitude in 49 69 N. Mid. let. 47 25 IT. 


Log. true difif. latitude 324-6 = 2-61126 

To find middle latitude. 

Log. distance 438 ms. = 2*64147 

L sin course 3Jpts, = 9*82708 

12*46856 

Log. diff, longitude 448 = 2*65X28 

L cos mid. latitude 48® 68' = 9*81727 

Mid. latitude 48® 68' H. 

Half diff. latitude 2 42 S. 

Latitude from,. 61 40 H. 

Latitude in ...... a... 46 16 H. 


To find the difference of longitude. 


L sec mid. latitude 47® 26' = 10*16963 Chap; Yll— OF OBLIQUE SAILING. 

Log. departure,..,, 210 — 2*32222 

Oblique sailing is the application of oblique-angled plane 
Log. diff, longitude 310*3 = 2*49186 triangles to the solution ot proWexus at sea. Tids sailing 
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Oblique be found particularly useful m going along shore, and 
Sailing, in surveying coasts and harbours. 

1. — At 11 A.M. the Girdle Ness boro W.N.W., and at 2 r.M, 
it boro N.W. by N, ; the course during the interval S, by W, five 
knots an hour; required the distance of the ship from the Kess at 
each station. 

JSyVomtruction , — Describe the circle NESW (fig. 39), and draw the 
diameters NS, DW at right angles to each 
other. From the centre C, which repre- 
sonts the first station, draw the W.NAV. / 1 \ 

lino GF; and from the same point draw ! \ 

CU, S, by W., and equal to 15 inilca, the \ 

distance sailed. From H draw HF in a ,1^— — — —nE 

N.W, by N. direction, and the point F \\ / j 

will represent the (Jirtllo Ness. Then \\ / / 

the distances OF, HF will measuro 19*1 
and miles respectively. H" 

1 *%. 30. 

By Ca/cuiatien,— In the triangle FCII are given the distance CH 
15 miles, the angle FDH equal to 9 points, the Interval between 
the &J, by \V. and W.N.W. points, and the angle CMF equal to 4 
points, being the supplement of the angle contained between the 
H. by W, and N.W. by N, points. Hence CFH is 3 points : to find 
the distances OF, EF. 


To find the distance OF. ■ 


Ug.Qtl 

LSttOi; 


Ii sin CFH 3pfs. 

Log. OF 19*07 m. 


To find the distance FH. 

Log. CH 15 m. « M7609 

"“•'i 

11-1070$ 

LtlnCFK 3pU. 

Log. Fit 26-48 m. = 1-42292 


To find BC. 

I"?' 26 tn. =: 1-39794 

L sm BDC 7} pt». = 9-99948 

iwTstw 

L sin CUD 4 j pt*. = - 9-88818 

Log. BC 32-30 m.= 1-60924 

To find HAC, 

UC •• AC...,,,, * , "** 9*44 

BC-f-AC -- 56*16 

AC) 8-44 m. = 0-9263* 

L cot JACB 2 pt,. — 10-38278 

T iTsoisiisf 

L<^.(BO-fAC) 86 - 1 $ =!- 1-74943 

litwii(BAC-ABC) 19® 66'= 1-05089 

KBAC+ABI'Iss 67 30 
BAC as 87 26 

ABO ss 47 34 

Hcoco BAF SB BAC -CAP 

= 87®26'-U pto. 

5= 87® 26' -U® 4' 

= 73®33'=s73l®ne»rly. 


M7609 

9*84048 

Log. BC ....... 

To find AB, or tha disttnes# 


1‘50924 

4-02667 

ii sin ACB .... 


as 

9*84948 

■9-74474 

L sin CAB .... 

$70 

as 

n*35972 

1-28083 

Log. AB. 


ar 

V 5l4ai*Fmf 

Tmi6 


Windward 

Sailing. 


Many other examplea might be given. The** and all other cam 
which can occur in practice are to be reiolved by plane trigo- 
nometry, from eaieaiatiug the trianglea which tiie dcua of tb« 
given case afford. 


Ciui*. WINDWARD SAILIXde 


Bxn 2.-** Running up ( ’hannel K. by S. per compass at the rate of 
5 knot* an hour. At 11 a.m. the Kd<lyHtune ijiglithouse bore N. by 
H.iK., and the Htart Fuint N.K. by ; and at 4 i*.M. the Kddy- 
atone bore .N.W. by .N., and tb»» Start M 5 IH, ; rrquiml the dintance 
and bearing of the Start from the Kddystonr, the variation being 

points W. 

By -Let the point 0 (fig. 40) represent the first sta- 

tion, from which draw the N. by K.iK. line 
DA, the N.E. byKiE. line OB, and the 
Ke by 8 « Une CD, which make equal to 25 
miles, the distance run in the elaptM^I H 
time. Then fbom D draw the N.W. by N* 
line I>A, intersecting i^A hi A, which re- 
presents the Kddystone ; and from the 
same point draw the N.?K, line D 3 , cut- 
ting CB in It, which therefore represents 
the Htart, Now the distance A B applied to 
the scale wUl measure 22*0, and the bear- 
ing per compass BAF will measure 73}” Fig.iO. 



By 

The angle ACDsaACB-fECDarNCB-NCA-fEOD 
a=8-l}4*lpt.s:7ipti. 

BOrteNOK-.KnB4-Ee0ss8--5i-bI Pt.=53i Sts. 

ACB=A(*I)-BCD W 

Am^rcN'DG- N^DA «7-0 pts.«:4 pts. 

and C‘DlfeNa)r + Na)B ^ts. 

Also, CADssH) pa-ACD-ADC 

aslfi— 7i-4pt«,. ss:4} pts. 

sad CBB«16 BCD - CDB . . . salS - -7i5=4 


Log. CD 

h Bin ADC..., 

L Bin CAD..., 
Log. AC, 


To find AC. 

..25 m. ss 1*39794 

4 pts. =: 9*84948 

11*24742 

a: ->9 *86979 

4...23*86m.ss: D37T63 


Windward mailing is when a nhip by reason of a contmry 
wind is obliged to sail on different tacks in order to gain 
her intended port; and the olyect of this sailing is to find 
the proper course and distance to be run on each tack- 

i;*.— Tile wind at N.W., a sliip bound to a jiort 04 mih** to the 
windward propo»t'B to ntuch it on Uiraa beard*,— two on the star- 
board and ono on the larboard tack, and each within 5 points of the 
wind; rf^quirad the course and distance 
of each tack. 

By Cofistruct^ow.— Draw the H.W. line 
CA (%. 41) equal to 64 iniks ; from Q 
draw CB W. by H., and from A draw AD 
pamUel thereto and In an opposite direc- 
tion* Bisect AO In £, and draw BED 
parallel to the N. by K. rhumb, meeting 
CB, AD In the points B and D. Then 
CBssAD applied to the scale will mea- 
sure 36} miles, and BDs2CBas72| 
miles. 


CiuF. IX.— OF CURRENT SAILING. 

Tlic computations in the preceding chapters have been 
l^rform^ upon the assumption that the water has no mo- 
tion. This may no doubt answer tolerably well in those 
places where the ebbings and flowings are regular, us then 
the effect of the tide will be nearly counterbalanced. But 
in places where there is a constant current or setting of the 
sea towards the same {Joint, an allowance for tlie ctmnge of 
the shines place arming therefrom must be made. And die 
raediod of resolving these problems in which die elfect of 
a current or heave of die sea is taken into CNBisideiatton is 
called curreni miling 
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Current In a calm, it is evident a ship will be carried in the direc- 
Sailing. tion and with the velocity of the current. Hence if a ship 
sails in the direction of the current, her rate will be aug- 
mented by the rate of the current ; but if sailing directly 
against it, the distance made good will be equal to the dif- 
ference between the ship’s rate as given by the log and that 
of the current. And the absolute motion of the ship will 
be ahead if her rate exceeds that of the current ; but if less, 
the ship will make stern way. If the ship’s course be oblique 
to the current, the distance made good in a given time will 
be represented by the third side of a triangle, whereof the 
distance given by the log, and the drift of the current in 
the same time, are the other sides ; and the true course will 
be the angle contained between the meridian and the line 
actually described by the ship. 

It is evident from the above observations that we may 
consider the direction of the current in the light of a 
separate course ; and by multiplying the rate of the current 
per hour by the number of hours it has been running, and 
treating this as a distance, we may estimate the ship’s real 
place by any of the rules for compound courses. 


JSx, 1.— A ship sailed N.N'.E. at the rate of 8 knots an hour dur- 
ing 18 hours, in a current setting If.W. by W, 

2J- miles an hourj required the course and dis- 
tance made good. 

Construction , — Draw the K.N.B., line CA 
(fig. 42) equal to 18 x 8=144 miles ; and from A 
draw AB parallel to the N.W. by AV. rhumb, and 
equal to li:^ x2J=46 miles; now BO being joined " 
will be the distance, and NOB the course. The 
first of these will measure 169 miles, and the 
second 6® 23'. 

By Calculation — 



The angle CAB 



OA 


Fiff.42. 

AB 



OA+AIJ 



OA-AB 



Ijog.(CA-AB) 


1*995635 

L cot 40 AB 


9*914173 


11’909808 

liog. CA + CB 186 m.=f- 2*276462 

L tan } (ABO- AOB) 23® 15'= 

J(ABO + ACB) =39 22 

A0B=16° 7' and ABO = 62 37 

NOA = 22 30 

.*. NOB the course = 6 23 

Log. AB 45 m. = 

L sin CAB 9 pts. = 


9*633346 


1*653212 

9*991574 


11*644786 

L sin AOB IG® 7' = -9*443410 

Eog. BO 159 m. = 2^01376 

Or, 

For first course wo have course N.N.E,, or 2 points. 

And distance 144 Whence, from traverse table, 

True diff. latitude 133*0 N. Departure 55*1 E. 

For second course we have course N.W. by W., or 5 points. 

And distance 45 And from traverse table, 

True diff. latitude., 26 N. Departure 37*4 \V. 

For last course — 

True diff. latitude, 158 N. 

Departure 17*7 W. 

Log. departure 17*7 -f 10= 31*24797 

Log. true diff, latitude 158 =-2*19866 

L tan course N. 6® 23' E. = 9*04931 

L sec course 6® 23' - 10= *00271 

Log true diff. latitude 158 m. = 2*19866 

Log. distance 159 = 2^20137 

Bx, 2.— A ship from Lat. 3S® 20' N. sailed 24 hours iu n 
VOL. XVI. 


current setting N.W. by N., and by account is in latitude 38° 42' N., 
having made 44 miles of casting; 
but the latitude by observation is 
38® 58' N. ; required the course and 
distance made good, and the drift of 
the current. 



3 pts, 

16 miles. 


To find AB. 

I^og. BF 16 m. 

L sec ABF 3 pts. 

Log. AB 19*2 m. 

Or drift of current 19*2 miles. 


= 1*20412 
10= 0*08016 

= 1*28427 


Day’s 
Work and 
Ship’s 
Journal. 


By Construction . — Make CD (fig, / 

43) equal to 22 miles, the difference / 
of latitude by dead reckoning, and / 

EA=44 miles, the departure, and** — 
join CA; make CD=38 miles, the Fig. 43, 

difference of latitude by observation. Draw the parallel of latitude 
DB, and froni A draw the N.W. by N. line AB, intersecting DB in 
B, and AB will be the drift of the current in 24 hours ; OB being 
joined, will be the distance made good, and the angle DOB the true 
course. Now AB and OB applied to the scale will measure 19*2 
and 50*5 respectively, and the angle DOB will be 41i®. 

By Calculation — 

ABF 

BF=GD-CE 


To find AF. 

Log. BF 16 m. = 1*20412 

L tan ABF 3 pts. -10= 9*82489 

Log. AF 10*7 m. 1*02901 

Hence BD=AK — AF=44- 10*7=33*4. 

To fiiid the course, 

Log. BD 33*4 +10=11*52244 

Log. CD 38 = 1*57978 

L tan course N.41®14'E. = 9*94266 

To find the distance. 

Log. sec course 41® 14' E.— 10= 0*12376 

Log. CD 38 = 1*57978 

Log. distance 60*5 m, = *70364 

By Traverse Shttife.— Taking the current course first, true differ- 
ence of latitude 16, and course N.W. by N,, we find in the traverse 
table the corresponding distance 19-3, and departure 10*7. 

Again, for second course, we have true difference of latitude 38, 
and departure 44 — 10*7=33*3 E, 


Points. 

Conrsd 

Bis- 

Di£C of Latitude. 

Bep^artare. 

tance. 

N. 

S. 

£. 

W. 

3 

K.W. by N. 

19*3 

16 



10*7 

N. 41® E. 

61 

38 


33’3 



Whence the course and distance arc found as above. 

Or, from the traverse table to nearest degree and minute, we 
find in the columns of distance and angle, opposite to difference of 
latitude 38*5, and departure 35*5 — distance 61, and angle 41°, 


Chap. X.-OF THE DAY'S WOEK AND SHIP’S 
JOUENAL. 

The most usual application of the principles laid down 
in the preceding chapters, is to ascertain Irom the several 
courses and distances run by a ship in the interval between 
the noons of two successive days, the ship’s place at the 
noon of the latter day, — f.e., its latitude and longitude ; its 
latitude and longitude being given for the noon of the pre- 
ceding day. Tins constitutes a day’s work ; and the ship’s 
place deduced therefrom is called her place by accomii or 
dead reckomnff. The day aboard ship, like the astronomi- 
cal day, commences at noon ; and the ship's position is always 
calculated at every noon. In the Royal Navy, the log is 
hove once in every hour; but in most trading- vessels only 
once in every two hours. A record of the knots, and tenths 
of knots, run every hour or every two hours, the course, the 
direction of the wind, the leeway, and everything which 
affects the ship’s place, is kept in the journal, which, 
for this purpose, is usually divided into six or seven co- 
lumns. The first column on the left hand contains the houra 

D 
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Pay^s from noon to noon ; the second and third, the knots and 
Work and tenths of knots sailed every hour, or every two hours ; the 
fourth contains the courses steered ; the fiftli, the direction 
Journal.^ of the wind ; and the sixth, when there are seven columns, 
contains the leeway ; and the last contains general remarks, 
including j)henmnena, variation, 

Tlie mode of ibrming a table showing the deviation of 
the compass for the several positions of the ship’s head, has 
already been given. 

The courses stei‘r(‘d, as entered in the log-book, must be 
corrected for variation, deviation, and leeway. The setting 
and drift of current, and the heave of the sea, are to be 
marked down. Tliese are to be corrected for variation 
only. In the day’s work, it is usual to treat a current as 
an independent course and distance. If the ship docs not 
sail from a place whose latitude and longitude are known 
(which rarely happens), the bearing of some known place 
k to be observed, and its distance found, which is usually 
(lone by estimation. The ship is then supposed to have 
taken her departure from this place, in a course exactly op- 
posite to the observed bearing, ancl to have run die esti- 
mated distance on it. If there be any reason to suspect 
the correctness of tlie estimated distance, it will be easy to 
obtain the true distance as follows : — Let the bearing be 
observed of the place from which tlie departure is to be 
taken ; and the ship having run a certain distance on a di- 
rect course, the bearing of the same place is again to be 
observed. We shall then have a triangle, all of whose 
angles are known from the observed bearings, and one of its 
sides, vis5., the distance the ship has sailed. The odicrtwo 
sides, viz., the distance of the ship from the place of de- 
parture at eacli of the observations, can be ijumediately 
Ibuiui, as in problem 1 on “Obliciuc Sailing.” The distances 
for each course may be obtained by adding mgether the 
hourly distances. Tlie courses being thus corrected, and 
the distances found, the latitude and longitude in may he 
found by any of the methods explained in chap. iv. As 
the differences of latitude are not u.sually great, tlu? traverse 
table may generally be made use of for finding the latitude 
in ; and having Itiund the middle lutitude, the longitude may 
be obtained by the middle laiitiide method. 

The following example will enable the reader to apply 
the directions we have just given 

S^pt<^mber 12, X857, at noon, a point of land in Imt. B4® 20' 
E*,and hong* 69® 40' B*, Imrt* hy nnupui n S.K., 16 mU«t (fiblp’s 

baad b«ing H.)« aft«rwards siOlod as by the following log-account; 
:find tho latitude and longitude In, on September 13, at noon* 


Variation of 
the compaes, 
li W. 

(For deviation 
see the table, 
page 13.) 


During the 
laffc7houiiia 
current set 
theshIpN.W. 
at the rate 
of two knots 
an hour. 



! Cmir/iO. 

Witj.K ^ 

NV. by N. 

p 4 * 

N.IC, 1 

K.N.B. 

KMT. 

S.B. j 

94U 

4 

aby w. 

W. 

*4 a 

« « W 


Departure course, N.W. being the opposite to S.B* 

Compass course 4 pts. 0 qrs. left of K. 

Variation 12 „ 

Deviation 0 3 right, or 

True course * 4 N.W.JIV*. 

Dist 15. 

First course, W. by N. 

Compass course 7 pts. 0 qrs. left of N". 

Variation 12 „ 

Deviation.... 0 3 „ 

Leeway (wind N.B. on starboard 

tack) 2 0 „ 

11 ’ 1 leftof N. 

Or true course....*... 4 3 right of S. 


Day’* 
Work and 
Ship’s 
Journal. 


leftof N. 
right of S.,or 

aw.iw. 


Dist 462 aW.iW. 

Second coarse, N.H.K* 

Compass course, 2 pts. 0 qrs. right of K. 

Variation 1 2 left. 

Deviation 0 3 right. 

Leeway (wind N.W. on port 

tack) J 3 right. 

True course * "3 0* right of K., or 

Dist 34*7. KB* by K 

Third course, 8.K, 

Compass course..... 4 pti* 0 qrs. leftof S. 

Variation * 1 2 left. 

Deviation 0 1 right* 

Leeway (wind on port 

tack).....*.** 2 X (Tf 

True course * 3 3 leftofS.or 

IHst 31*4* S.B. by S. 

Fourth course, 8. by W. 

(?ompiuis course 1 pt 0 qrs. right of S* 

Variation 1 2 left. 

Deviation * 0 2 „ 

Leeway (wind \V. starboard 

tack) ^2 2 left. 

True course..... 3 2 left of E, or 

Dist 20*8. S.B. by aiB. 

Current N.W. 

Compass course 4 pts. 0 qrs. left of K 

Variation... 12 „ 

Deviation 0 9 „ 

2 left of N. or 

m«t U. KW.byW.JI 

Enter thestj in a table as under:— 


left of S* or 
S*B. by S. 


left. 

left of E,or 
a.E. by 


KW.by W.iW. 






I.at. 

U*'tartnp*’. j 

I'o j;f 

f'tiitr »*, 

1*. 


s. 

i:. 

V,. 









N,U\f W. 

l.'i 

SO 


« , . 

Vjii 

42 

a.w.fvv. 

46*2 

... 

27*4 

,*# 

360 

3 

N*B,6K 

3i-7 

20*1 

mMjt 

104 


3 


3D4 


25*8 

17*2 

... 


8,R.by8iE. j 

20*8 


16*2 

13*3 

»*« 

4 

M.W.byW.tlf. 

1 

U 

6*6 

1 -1 1 li 

409 

12*3 

:*.* it 

i 


True diff. lat B. 23*8 

Dep, Mi 

^ 11*3 


Lat. from....* .64® 20' S. Lat. from 64® 20' H. 

T* D. Lat .0 Half. 23 

Lat. in .... 0-1 43 8 # BHd. I.rat«**.*...64 32 

Xmg. departure ..,..11*3 ks 1*0530$ 

L sec mid. lat 64® 32' -10=i 0*36654 

Log, diff. long 26*2 = i*419£2 

I»ong.ffom * 50® 40' K. 

Ditf. long, 0 26 W, 

Long, in 60 U £. 

In this example tlie true differences of latitude and de- 
partures are taken by in!^peciit*n from the travers»e table* 
When a ship is bound for a distant nort, the bearing and 
distance of the port must be found. This may be dune by 
calculation or by a chart If islatuL, cajws, or headlands 
intervene, it will be necessary to find the several courses 
and distances between each successively. The true course 
between tlie places must be reduced to t!:e cumpass course 




















NAVIGATION. 


27 


SesL Charts requisite allowances for variation and devia- 

v. _^ 7 *tion, as already explained. 

In hard blowing weather, with a contrary wind and a 
high sea, it is impossible to gain any advantage by sailing. 
In such cases, therefore, the object is to avoid as much as 
possible being driven back. With this intention it is usual 
to lie to under no more sail than is sufficient, to prevent the 
violent rolling to which the vessel would be otherwise sub- 
jected, to the endangering of her masts and straining her 
timbers, &c. When a ship is brought to, the tiller or wheel is 
put down over to the leeward, which brings her head round 
to the wind. The wind having then little power over the 
sails, the ship loses her way through the water ; and the 
action of the water on the rudder ceasing, her head falls off 
from the wind, the sail which she has set fills, and gives 
her fresh way through the water, which, acting on the nid- 
der, brings her head again to the wind. Thus the ship has 
a kind of oscillating motion, coming up to the wind and 
falling off from it again alternately. The middle point be- 
tween those upon which she comes up and falls off is taken 
for her apparent course ; and the leeway, variation, and devi- 
ation are to be allowed from this to find the true course. 

It is generally found that the latitude by account does 
not agree with that by observation. On considering the 
imperfections of the common log-line, and the uncertainty 
with regard to variation, an exact agreement of latitudes 
cannot be expected. When the difference of longitude is 
to be found by dead reckoning, and the latitudes by account 
and observation disagree, several writers on navigation have 
proposed to apply a conjectural correction to the departure 
or difference of longitude. Thus, if the course is near the 
meridian, the error is wholly attributed to the distance, and 
the departure is to be increased or diminished accordingly ; 
if near the parallel, the course only is supposed to be erro- 
neous ; and if the course is towards the middle of the 
quadrant, the course and distance are both assumed to be 
in error. This last correction will, according to difterent 
authors, place the ship upon opposite sides of her meridian 
by account. As these corrections, therefore, are no better 
than guessing, they should be absolutely rejected. 

If the latitudes do not agree, the navigator should ex- 
amine his logTline and half-^minute glass, and correct the 
distance accordingly. He is then to consider if the variation 
and leeway have been properly ascertained ; if not, the 
courses are to be again corrected, and no other alteration 
whatever is to be made in them. He is next to observe if 
the ship’s place has been affected by a current or heave of 
the sea, and to allow for them according to the best of his 
judgment. By applying these corrections, the latitudes 
will generally be found to agree tolerably well ; and the 
longitude may be corrected in the same way. 

It will be proper for the navigator to determine the 
longitude of the ship by observation as often as possible, 
and the reckoning is to be carried forward in the usual 
manner from the last good observation ; yet it will perhaps 
be very satisfactory to keep a separate account of the lon- 
gitude by dead reckoning. The modes of finding the lati- 
tude and longitude of a ship by observation, and the variation 
of*the compass, will be given in the next book. 


Chap. XI.— OF SEA CHARTS. 

The charts usually employed in the practice of naviga- 
tion are the Plane and Mercaton^s charts. The former of 
these is adapted to represent a portion of the earth’s surfiice 
near the equator, where the change in the lengths of cor- 
responding arcs^ of the parallel is very small; and the other 
for all portions of tlie esprth’s surface. (For a particular de- 
scription of these, see the articles Ghajbx and Geoghakht.) 
We shall here only describe their use# 


Use of the Plane Chart. gea Charts. 

Prob. I. — To find the latitude and longitude ot a place 
on the chart. 

Pule. — Take the least distance of the given place from 
the nearest parallel of latitude ; this distance applied to the 
graduated meridian from the extremity of the parallel will 
give the latitude of the place. In the same way the longi- 
tude is found by taking the least distance from the nearest 
meridian, and applying it to the graduated parallel. 

• Thus the distance between Bonavista and the parallel of 
15° being laid from that parallel on the graduated meridian, 
will reach to 16° 5', the latitude required. 

Prob. II. — To find the course and distance between two 
given places on the chart. 

Pule. — Lay a ruler over the given places; if a pa- 
rallel ruler be used, keeping the edge of one ruler passing 
through the places fixed, move the other until it passes 
through the centre of one of the compasses on the chart ; 
the point of the compass through which this edge passes 
will show the course. 

Or, generally, let a line on the edge of another ruler be 
placed so as to be parallel to the first ruler, and to pass 
through the centre of a compass ; it will cut the circum- 
ference in a point which will determine the course. 

The interval between the places being a 2 )plied to the 
scale will give the distance. 

Thus the course from Palmas to St Vincent will be 
found to be about S.S.W.fW., and the distance or 
795 miles. 

Prob. III. — The course and distance sailed from a 
known place being given, to find the ship’s place on the chart. 

Pule. — Lay a ruler over the given place parallel to 
another ritler laid over one of the compasses, with one edge 
passing through the centre, and the other the point on the 
circumference which shows the course, and lay off on it the 
distance taken firom the scale ; it will give the point repre- 
senting the ship’s present place. 

Thus, supposing a ship has sailed S.W. by W. 160 miles 
from Cape Palmas ; then by proceeding as above, it will be 
found that she is in Lat. 2° 57* N. 

The reader will have no difficulty in solving variotis other 
problems by means of this chart, being, in fact, only the 
construction of the various problems in plane sailing on 
this chart. 

Use of Mercator^ s Chart. 

The method of finding the latitude and longitude of a 
place, and the course or bearing between two given places, 
is the same as in the plane chart, which see. 

Prob. I. — To find the distance between two given 
places on the chart. 

Case 1. — When the given places are under the same 
meridian. 

Pide. — The difference or sum of their latitudes, accord- 
ing as they are on the same or on opposite sides pf the 
equator, will be the distance required. 

Case 2. — When the given places are under the same 
parallel. 

Ptde. — If tliat parallel be the equator, the difference or 
sum of their longitudes, according as they are on the same 
or on opposite sides of the first meridian, is the distance ; 
otherwise take the distance between the places, lay it off 
upwards and downwards firom the given parallel, and the 
intercepted degrees will be the distance between tlie pla<^* 

Or take an equal extent of a few degrees on tlie meridian 
on each side of the parallel ; and th e number of extents 
and parts of an extent contained between the places, mul- 
tiplied by the kngtb of an extent will give the required 
d4tsnce. . « . 
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Observa- c^SK 3. — When the given places differ both in latitude 
and longitude. 

V jRw/e. — Find the difference of latitude between the given 

places, and take it from the equator or graduated parallel ; 
then lay a ruler over the places, and move one point of the 
compass opened to the difference of latitude just found 
along the edge of the ruler till the other jtist touches a 
parallel ; then the distance from the point of the compass 
on the ruler to the point of intersection of the ruler and the 
parallel, applied to the equator, will give the distance be- 
tween the fjlaccs in degrees and parts of a degree, which, 
multiplied by 60, will give it in miles* 

Feou. IL — Given the latitude and longitude in ; to find 
the ship's place by the chart* 

Rule , — Lay a ruler over the given latitude, and lay off 
the given longitude from the first meridian by the edge of 
the ruler, and the ship’s present place will be obtained. 

Piion. HL—Given the course sailed from the given 
place* and the latitude in; to find the ship's present place on 
the chart. 

Rule . — Lay a ruler over the place sailed from, in the 
direction of the given course; its intersection with the pa- 
rallel of latitude in, will give the ship's present place. 


that m the same medium, light is propagated in straight ObRervn- 
lines, the smallest conceivable quantity of which that can tion In- 
be stopped or propagated alone is called a ray ; and that strumentB. 
when a ray of light is incident on a plane reflecting surface, 
it is bent or reflected after incidence in such manner, 
that the incident and reflected rays and the straight line 
perpendicular to the mirror at the{X)int of incidence (called 
the normal to Uie surface) lie all in one plane ; and that 
the incident and reflected rays make equal angles with the 
normal or the surface. 



Peob. IV.-— Given the latitude and longitude of the 
place lefl, atid the course and distance sailed ; to find the 
si lip's prestMit place on the chart. 

Lay a ruler over the given place, in the direction 
of the given course, take the distance sailed from the 
ecpiator, and put one point of tlie compass opened to this 
distance at tlm intersection of the ruler with any parallel, 
and the other point will reach to a certain place by the edge 
of die ruler. This point being kept fixed, draw in the other 
point of the compass until it just toucli the above parallel 
when swept round ; apply this extent to the equator, and it 
will give the difference of latitude. Hence tlie latitude in 
is known ; and the intersection of the edge of the ruler with 
the parallel of this latitude will give the ship's present place. 

'fhe ahov(* problems sufficiently illustrate the use of 
Mercator's Chart. I'lie reader will have no difficulty in 
solving other problems by means of it. 


BOOK IL 

CONTAINIKU THE METHODS OF FINDING THE tATITUDE AND 

IXINGITUDE OF THE SlllF AT SKA, THE TARUTION OF THE 

COMFAS8, AND TIME OF HIOU WATER. 

Chap. I— DKSCEIPTIOX AND USK OF INSTEtJ- 
MBNTS USED IN OBSEIiVATIONa 

SECT. I.— OF IIADnKy's SEXTANT AKX> QUADRANT. 

The principal difference between these instniments is in 
the extent of the angle which can be observed by them ; 
and in t\w more elaborate and careful woikmanship of the 
latter of the tuo. Indeed the quadrant is only available 
tor taking observations which determine the latitude. The 
distances of* the moon from the sun or other heavenly l)ody, 
which are frequently used for the determination of the longi- 
can only be observed by the help of the sextant. 

Allowing for these differences, the principle on which the 
mmdmnt and sextant are constructed is tlie same. In the 
Koval Navy sextots are almost exclusively in use, althougk 
quadrants a^ still employed for the observation of altitudes 
m many trading vessels. The sextant, therefore, will first 
Ge dcscnb^I, and afterwards those i)oints in which the 
quadrant differs from Uie sextant will be explained. 

X he reader is supposed to aware of tlic ordinary lawst 
with regard to the propagation and reflection of light, viz.,— ^ 


Fit. 4 A 

Let MO (fig. 44) be an arc of a circle, CO and CM two 
radii, and Cl be a moveable radius carrying a plane mirror, 
silvered through its whole extent, firmly fixed to it; EFG 
another mirror, the kiwer part of which *FG only is silvered, 
while the upper part EF is misilvered, so that a ray reflected 
from the lower portion FG in direction FH, and a direct ray 
PFH through the unsilvered part EF, nmy be seen togtfther 
by an eye at K. Tins mirror is fixed to the radius CM in 
such a manner that when the moveable radius occupies the 
position ACO, the two mirrors AC'B and EFG are both 
perpendicular to tiie plane of the Instrument, and paralhl to 
one another. 

Let now 8 and P be two distant objects w’hose angular 
di.stance is required to be found. Let the instrument be 
placed so that its plane passes througli 8 and P, and that a 
ray from P, passing thnmgli the unsilvered glass EF, may 
be seen directly by m eye at K ; and while in this p<»sition 
let tlie bar be moved round C, Cl carrving the mirror with 
it until a ray from 8, falling on ACil, is reflected in tI>o 
direction CF, anti again reflected by FG in the diroetbn 
FII ; so that to the eye at K the images of tlte two objecta 
S and P are seen together, or coincide. 

Produce BA to meet PFH in M ; then SIIP h the angle 
tlmough which the my SA hm been deflated, and k also 
the angular distance between S and P. Let A'B' be the 
new jxHjition of the mirror AB ; then ACA' is the angle 
througli which the mirror !m turned, and consequently also 
die angle through which Cl has moved. 

Now angle of deflection 
8HP*8CF-CFH 

«r - 2 FOB’ - (ISO" - 2 EFC) 
because bv law of reflection, 

BCA' — FCB'; and therefore 
SCF«lBO‘^-BCA'-FCir 
«lB(f-2FCir, 
and EFC=GFH; and therefore 
CFH«18D"-EFC-GFH 
«I80" -2EFC; 

SHP«2EFC-2FCB’. 

Blit EFCsaFCB, becaiHe EFG is parallel to ACB ; 

or SIlP«2FCB-2 Far ==2 ACA 

*= twice the angle through which Cl im moved. 

Hence if the arc OM be divided into degrees, and each 
dem-ee marked as two degrees, the reading off of die arc 
01 will be the angle between the distant objectiSand R 
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Observn- An instrument constructed on this principle, whose 
tioninstru- circular arc or limb is a sixth part of a circle, and therefore 
ments. ^ capable of measuring angles up to 120° is called a sextant ; 
if the limb contain only an eighth part of a circle, it is a 
quadrant, and can only measure angles up to 90°. 

The Sextant. 
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Fig. 45. 


(1.) PliM (fig. 45) is the frame of the sextant. 

(2.) AA the graduated arc or limb. 

(3.) N the index, carrying the vernier OQ. 

(4.) I the index-glass. 

(5.) F the horizon-glass. 

(6.) D the coloured or dark glasses between the index- 
glass and horizon-glass. 

(7.) E the coloured glasses behind the horizon-glass. 

(8.) K the tube or collar in which the telescope is 
inserted. 

The frame The frame of the sextant consists of an arc AA, firmly 
of the sex- attached to the two radii LP, MP, which are bound together 
tant. by braces, as shown in the figure, to prevent warping and 
liability to bend. 

The index. Tlie index N is a flat bar of brass, and turns on'the centre 
of the sextant ; at the lower end of the index there is an 
oblong opening ; to one side of this opening the vernier 
scale is attaclied to subdivide the divisions of the arc ; at 
the end of the index there is a piece of brass which bends 
under the arc, carrying a spring to make the vernier 
scale lie close to the divisions. It is furnished with a finger- 
screw C, by which the index is fixed in any position to the 
limb of the instrument. There is also an adjusting-screw 
B attached to the index, capable of moving it with greater 
accuracy than the hand ; this screw does not act until the 
index is fixed by the finger-screw C. Care must be taken 
not to force the adjusting-screw when it arrives at either 
extremity of its adjustment. When any considerable move- 
ment is required to be given to the index, the screw C at 
the back of the sextant must be set free ; but where the 
index is brought nearly to the divisions required, this back 
screw should be tightened, and then the index gradually 
moved by the adjusting-screw. 

The index- ' Upon the index, and near its axis of motion, is fixed a 
filass. plane speculum or mirror of glass I, quicksilvered. It is set in 

^ a brass frame, which is firmly fixed by a strong cock to the 
centre plate of the index, with its face perpendicular to the 
plane of the instrument This mirror being fixed to the 
index, moves along with it, and has its direction clianged by 
the motion thereof. As has already been observed, this glass 


is to receive the rays from the sun or other object, and i eflect Observa- 
themupon the horizon-glass. It is furnished with screws 
at its back, the object of which is to replace it in a perpen- 
dicular position, if by any accident it has been deranged. 

To the radius PL is attached a small speculum F, whose The hori- 
surface is parallel to the index-glass when zero on the xon-glass, 
index coincides with zero on the limb. The under part 
only of this speculum is silvered, the upper half being left 
transparent, and the back part of the frame cut away, that 
nothing may impede the sight through the unsilvered part 
of the glass. The edge of the foil of this glass is nearly 
parallel to the plane of the instrument, and ought to be 
very sharp, and without a flaw. It is set in a brass frame, 
which turns on axes and pivots which move in an exterior 
frame ; the holes in which the pivots move may be tightened 
by four screws in the exterior frame. G is a screw by 
which the horizon-glass may be set perpendicular to the 
plane of the instrument. Should this screw become loose, 
or move too easy, it may be easily tightened by turning the 
capstan-headed screw H which is on one side of the socket 
through which the stem of the finger-screw passes ; this 
screw G is in some instruments under the glass, in others 
behind it, and in others at the side. 

There are four coloured glasses at* D, tinged red and The colour- 
green, each of which is set on a separate frame that ed glasses 
turns on a centre. They are used to defend the eye from ^ 
the brightness of the solar image and the glare of the moon, 
and may be used separately or together as occasion may 
require. There are three more such glases placed be- 
hind the horizon-glass at E, to weaken tl)e rays of the sun 
or moon when viewed directly through the horizon-glass. 

The paler glass is sometimes used in observing altitudes at 
sea to take off* the strong glare of the horizon. 

The sextant is furnished with a plane tube K ; and in The tele- 
order to render objects distinct, it has two telescopes — one a scopes. 
Galileo's telescope, representing the objects erect in their 
natural position ; the longer one, an astronomical telescope, 
shews them inverted. It has a large field of view ; and has 
parallel wires placed in the principal focus, where a true 
image of the object viewed by it is seen ; thus rendering 
the position of the image more exact and more easy to 
be read off, and is that which should be used in taking 
observations at sea when great accuracy is required. A 
little use will soon accustom the observer to the inverted 
position, and to manage the instrument with ease. By 
a telescope the contact of the images is more perfectly 
distinguished; and by the place of the images in the field 
of view, it is easy to perceive whether the sextant is lield 
in the proper position for observation. By sliding the tube 
that contains the eye-glasses in the inside of the other tube, 
the object is suited to different eyes, and made to appear 
perfectly distinct and well-defined. 

The telescopes are to be screwed into a circular ring at 
K ; this ring rests on two points against an exterior ring, 
and i$ held to it by two screws; by turning one of 
these screws, and tightening the other, the axis of the tele- 
scope may be set parallel to the plane of the sextant The 
exterior ring is fixed on a triangular brass stem whidh 
slides in a socket, and, by means of a screw at the back of 
the sextant, may be raised or lowered so as to move the 
centre of the telescope to that part of the horizon-glass 
which shall be deemed most fit for observation. Tinged^ 
glasses are provided to screw on the eye-end of either of 
the telescopes or the plane tube. 

The limb of the sextant is divided from right to left into Readingoff 
120 primary divisions, which are to be considered as divisions 
degrees ; the degree is subdivided in some cases into two 
equal parts, each of which is 30^ ; in others into tliree ^ 
equal parts, each of which is 20^ ; and in others again into 
six equal parts, each of which is 10^ If the zero of Ae 
index stand exactly at one of the divisions of the limb, the 
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Observa- reading off in that case is immediately known. If, how- 
tion Instru- ever, the zero of the index do not stand exactly at one of 
ments. divisions, but distant from it by a small space, the value 
of this space is known by means of the divisions of the 
vernier-plate to the left of 0. 

Keadingoff vernier contains a space equal to nineteen divisions 

divisions on of the limb, and is divided into twenty equal parts ; hence 
the vernier, the difference between a division on the vernier and a 
division on the limb is one-twentieth of a division of tlie 
limb, or r, if the interval between divisions on the limb is 
equal to 20\ Or supposing the limb divided into intervals 
of icy, and that fifty-nine divisions of the limb correspond 
to sixty divisions of the vernier ; it is then evident that the 
difference between a division of the instrument and of the 
vernier is •^\th part of 10', /.e., 10"* This is the most usual 
kind of division* 

To find the actual reading off in any particular case, we 
must observe which division of the vernier coincides with a 
division of the limb ; the number denoting this, multiplied 
by the value of the difference between a division of die 
limb and of the vernier, will give the additional reading. 
Supjiose, for instance, the nearest division of the limb to the 
zero of the vernier to be 26^ 30', and the eighth division of 
the vernier to be coincident with a division of the limb, 
the additional angle will be BO" or 1' 20'\ and the reading 
off will be 2d" Sr 20". 

Adjust- adjustments of the sextant are to set the mirrors per- 

mm of pendicular to the plane of' the instrument, and parallel to 
thog«xt(tnt. one another when the index is at zero $ and to sot the axis 
of the telescope parallel to the plane of the instniment- 

Adjustmmt L — To set the index-glass perpendicular to 
the plane of the sextant. 

Set the index towards the middle of the limb, and liold 
the sextant so that its plane is nearly parallel to the horizon ; 
then look into the index-glass, and if the portion of the 
limb seen by reflection appears in the same plane with the 
limb seen directly, the speculum is perpendicular to the 
plane of the instrument. If‘ tlu 7 do not appear in the same 
plane, ?.c,, if tlie image he seen above or below the arc itself, 
its positi(ju nmst be gradually and carefully changed by 
means of (he screws at its hack until the error is rectified. 

AdJnMmrnt set the horizan-ghiss {u rp<‘ndicu!ar 

to the plane of the instrument* 

Place the instrument horizontal, and direct the sight to 
a tliHtant well-defined object, as the sun, so as to view 
it directly ; then move the index until the image of the 
object seen by reflection is on the field of view, and move 
the index liacKwarils and forwards so as to make the image 
jms over the object. If it pass exactly over the object, the 
fixed mirror is fH*rpendicuIur to the plane of the instrument ; 
if not, move the screw G until their exact coincidence 
tukt*H place*. 

Adjmtnmit 3. — To set the horizoa-glas« ))aralKl to the 
index-glass when the zero of the index or \trniir-fjlate co- 
inciiles with the zero of the griuhmiions of tl.i* hinin 

8et 0 on the index exactly to 0 on the limb, and fix it 
in that posiuem by the screw on the under side of it; hold 
die sextuit with its plane vertical, and direct the sight to a 
well-defined [mrt of the horizon ; then if the horizon seen 
on the silvered part coincides with that seen through the 
transparent part, the horizon-glass is adjusted ; but if tlie 
horizons do not coincide, the position of the glass mmt be 
altered by moving a screw placed near the fixetl reflector, 
which gives it a motion about an axis perpendicular to die 
plane of the instrument* 

This adjustment is seldom made, as turning tlic adjusting* 
screw too often renders this part of the instrument very 
aj>t to get out of ordtir* It is usual, dierefore, to deter- 
mine dm error in the reading called the Index Error. 

To do this, direct the sight to the horizon, and move the 
index until die reflected horizon coincides with that seen 


by direct vision ; then the difference between 0 on the limb OT)serva- 
and 0 on the vernier-plate will be the index error^ which is tion In- 
to be added when 0 of the vernier is to the right of 0 on 
the limb ; otherwise subtracted. 

A more accurate method than the above is to measure the 
sun^s apparent diameter twice w’ith the index placed alter- 
nately on the right and on the left of the zero point of the 
graduated limb. Half the difference of these tw*o measures 
will be the index error, which must be added to, or sub- 
tracted from, all observations, according as the diameter 
measured with the index to the left of 0 is less or greater 
than the diameter measured with the index to the right of 
the beginning of the divisions. Care must be taken to 
measure the sun’s horizontal diameter, as the vertical dia- 
meter is often affected with refraction. This must be done 
by keeping the plane of the instrument at right-angles to 
the vertical diameter of the sun. 

For example, on January 2, 1857, the sun’s diameter, 
measured with the index first to the right and secondly to 
the left of the zero point of division, was 33' and 32' 20" 
respectively, and the index error obtained by taking the 
semidifference is - 20". 

Adjustment 4. — To set the axis of the telescope pa- 
rallel to the plane of the instrument. 

Turn the eye-end of the telescope until the two wires are 
parallel to the plane of the instrtimcnt ; and let two distant 
objects, or two stars of the first magnitude, be selected, 
whose distance is not less than 90® or 100"* ; make tlie con- 
tact of these as ])erfect as jiossible at the wire nearest the 
plane of the instalment ; fix the index in this position ; 
move the sextant until the objects are seen at the other wire, 
and if the same points are in contact, the axis of the tele- 
scope is parallel to the plane of the sextant. If, however, 
tlie objects are apparently separated, or overlap one another, 
correct half the error by the screws in the circular part of 
the supporter, one of w hicli is above, and the other between 
the telet«cope anti sextant ; turn the a<ljn>ting-ser<;w at the 
end of the index till the limbs are in contact ; then bring 
tbe objects to the wure next the instrument, and if the 
limbs are in contact, the axis of the telescope is atljusted ; 
if not, proceed as at the other wire, and continue till no 
error remains. In practice, this adjustment is usually made 
by means of the sun and moon, 'fhe mode of bringing the 
limbs of the sun ami moon into contact will be explained 
when the use of the sextant is treated of* It is sometimes 
necessary to know* the angular distance between tlie wires 
of the telescope ; to find which, plaa? the wires pi-rpt-mli- 
cular to tlie plane of the scxUint, hold the inslmment ver- 
tical, direct tlie sight to tbe horizon, and move the sextant 
in its own plane till the horizon and upper wire coincide; 
keep the sextant In tliis {losition, and move the index till 
the reflected horizon is covered by tlie longer wire, and tlie 
difference of readings off in these two jiositions will be the 
angular distance between the wires. Otlier and better 
methods will readily occur to the observer on land. 

The Quadrant. 

It has been already observed, that this instrument differs 
from a sextant in the extent of tbe divided limb and in 
its rougher manufacture* It is only calculated for observing 
altitudes. Fig. 46 represents a quadrant of the common 
construction* 

The frame, index, index -glass, and F the fore horizon- 
glass, are much the same as in the sextant, l iiere is, 
besides, anotlier horizon-glass G, called the hark horizon- 
glufs attached to the same rathus as F* Instead of a tube 
or telescojie, tbe quadrant is furnislied with vanes or sights 
H and L There arc but three coloured glasses, two of 
which arc red and the other green* They are at K, 
as shown in the figure, when die fore hortzon-glass b used* 
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transparent slit in the middle tlirough which the horizon may 
be seen. Each of the horizon-glasses is set in a brass frame, 
to which there is an axis passing through the wood-work, 
and is fitted to a lever on the under side of the quadrant, by 
which the glass may be turned a few degrees on its axis, in 
order to set it parallel or perpendicular, according as it is the 
fore or back horizon-glass, to the index-glass. The lever 
has a contrivance to turn it slowly, and a button to fix it. 
To set the glasses perpendicular to the plane of the instru- 
ment, there are two sunk screws, one before and the other 
behind each glass ; these screws pass through the plate on 
which the frame is fixed into another plate ; so that by 
loosening one and tightening the other of these screws, the 
direction of the frame, with its mirror, may be altered, and 
set perpendicular to the plane of the instrument. 

The sight- vanes H and I are perforated pieces of brass, 
designed to direct the sight parallel to the plane of the 
quadrant. The vane I has two holes, one exactly at the 
height of the silvered part of the horizon-glass, the other a 
little higher, to direct the sight to the middle of the trans- 
parent part of the mirror. 

The limb is divided into ninety prinaary divisions, which 
are considered as degrees, and each degree subdivided into 
three equal parts, which are therefore of 20' each. The 
vernier-plate is generally so divided as to enable the ob- 
server to read off accurately to minutes. 

Adjust- These consist in setting the mirrors perpendicular to the 
ments of plane of the instrument, and the fore horizon-glass parallel, 
Hadley’s horizon-glass perpendicular to the index-glass, 

<iua ran . ^ero of the index or vernier-plate coincides with 

zero of the graduations on the limb. 

The adjustments for the index-glass and fore horizon-glass 
are performed nearly in the same way as for the sextant. 
The index error, however, must be ascertained by bringing 
the horizon by reflection into the same line with the horizon 
seen directly. The method by taking the distance of two 
stars of the first magnitude, or the sun and moon, is in- 
applicable here. 

The, back horizon-glass is so seldom used, that for its 
adjustments and the mode of taking observations with it, 
the reader is referred to Norie’s Navigation^ and other 
works in which this subject is treated. 

Use of . The altitude of an object may be determined by either 
Hadley’s instrument, and is the reading off on the limb, with the 
sextant proper index error applied, when by reflection that object 
and quad- appears to be in contact witli the horizon. The distance 
• between the sun and moon, or other heavenly bodies, may 


be observed by the sextant when the limbs of the bodies okserva- 
wliose distance is required appear to be in contact. If thetionlnstru- 
quadrant be used for taking the altitude of the s\m, when ments, 
it is so bright that its image may be seen in the transparent ^ 
part of the fore horizon -glass, the eye is to be applied to the 
upper hole in the sight-vane, otherwise to the lower hole ; 
and in this case the quadrant is to be held so that the sun 
be bisected by the line of separation of the silvered and 
transparent parts of the glass. The moon is to be kept as 
nearly as possible in the same position, and the image of the 
star is to be observed on the silvered part of the glass ad- 
jacent to the line of separation of the two parts. 

With the quadrant two different methods of taking ob- 
servations may be employed. In the first, the observer 
faces the sun, and looks to that part of the horizon which 
is immediately under the sun, and the observation is there- 
fore called the fore observation* In the other method, the 
observer’s back is towards the sun, and he looks to tlie part 
of the horizon opposite to that which is under the sun ; 
and this is consequently called the bach observation. It is 
not to be employed except when the horizon under the sun is 
obscured, or rendered indistinct by fog or other impediment. 

In all cases of taking altitudes, it must be considered 
that it is necessary to be quite sure that the distance- oi 
the sun or other body fz*om the horizon is the least pos- 
sible, otherwise it would not be the altitude that is ob- 
served. Consequently, after the instrument has been placed 
as nearly as possible in a vertical position, and a contact 
made, a motion about the line of sight of the sun must be 
communicated to the instrument, so as to keep the image 
always in the same part of the silvered mirror, the plane of 
tlie instrument being inclined. In this way we keep the 
angular distance of the sun from the line through the eye 
by which it is viewed the same, and the sun’s image de- 
scribes a small circle, whose angular radius is this distance. 

The horizon being fixed and viewed directly, will always 
occupy the same position. If, then, on giving this vibratory 
motion to the instrument, the arc described by the suu 
touches the horizon, the angular distance observed is 
the altitude- If it should cut the horizon, so timt a portion 
of the sun’s image goes below it, the index must be moved 
back until this arc simply touches che horizon. In the 
back observation with the quadrant, and in observing with 
the sextant furnished with the inverting telescope, the 
images are inverted, and the arc described by the sun’s 
image lies below the horizon, to which line it is convex. 

The motion must be given round the axis passing through 
the observer’s eye and the sun. To do this, a motion about 
the axis of vision must be given to the instrument, and at 
the same time the observer must turn himself about upon 
his heel ; for the motion about the line of sight of the sun 
may be resolved into these two motions ; ancl the observer 
has no means of giving the requisite motion directly by one 
movement. When the sun is near the horizon, the line 
from the eye to the sun will not be far removed from the 
axis of vision, and the principal motion of the instrument 
will be performed on this axis ; while that part of the motion 
made about the vertical axis will be small. On the con- 
trary, if the sun be near the zenith, the line from the eye 
to the sun is nearly vertical and perpendicular to the axis 
of vision ; hence the motion about the vertical axis is the 
greatest, and that about the axis of vision very trifling. 

In intermediate positions of the sun the motions of the in- 
strument about these two axes will be more equally divided. 

When the distance between the moon and sun, a planet or 
a star, is to be observed, the sextant must be so held that its 
plane may pass through the eye of the observer and both 
objects ; and the reflected image of the brighter of the two 
is to be brought into contact with the other seen directly. 

To effect this, therefore, it is evident that when the brighter 
o|>ject is to the right of the other, tlie face of the sextant 


32 N A V I G 

Observe- must be held upwards, and if to the left, downwards. When 
tion Instru-the face of the sextant is held upwards, the instrument 
monts. should l)e supported with the right hand, and the index 
moved with the left hand. But when the face of the sex- 
tant is from the observer, it should be held with the left 
hand, and the motion of the index regulated with the right 
hand. Sometimes a sitting {)Osture will be found conve- 
nient for the observer, particularly when the reflected ol)ject 
is to the right of the direct one. In this case the instru- 
ment is supported by the right hand ; the elbow may rest 
on the right knee ; the right leg at the same time resting on 
the left knee. If the sextant be provided with a ball and 
socket, and a staff, one of whose ends is attached thereto, 
and the other rests in a belt fastetied round the observer’s 
body, the greater part of the vveight of the instrument 
will* be supported by his body* In all cases where the 
sextant is used, wljcn the contact is nearly made, the 
index should be fixed by tlie under screw, and the re- 
maining small motion given by the adjusting screw. 

<'‘au«pfl of Krror may arise from two kinds of causes : one inhcrctit 
orror in the construction of the instrument — ^as defect of parallel- 
tftnt w ism or perfect jdaneness in the fore and back surfaces of the 
tjuadrant. as also of the coloured glasses, and of the true cir- 

etdar form of the arc, and true centring, for which no 
remedy can be provided ; and the other arising from the 
bending and elasticity of the index or moveable radius. 

The parallelism of the two sttrfaces of the mirrors may 
be te&ted by viewing through them obliquely a distant dis- 
tinct object. If the image is perfect and well defined, the 
surfaces are parallel ; otherwise not. 

I'o ascertain whether the stxrfacos of the mirrors arc 
plane, olxserve the angle between two distant objects whicii 
are nearly of the same altitude, the image of the left-hand 
object, being brought into contact with the right-hand object 
viewed directly ; then move the instrtinient in its own 
plane so as to bring tl»e image of the right-hand object 
into contact with the left-hand object viewed directly. If 
they continue in con tact, tlic surfaces ar(f plane ; otherwise not. 

To test the form of the dark glasses, incasun* the snifs 
dimneter to the right and to tlie left ol* the zero point with 
diffen’Ot <*ombination.s of tin* glasses. If tlie sum of the 
diameters so measured he nearly e<[ual to lour times the 
semitiiameUT giviui in the JSnutival Almmuw^ the form of 
the glasses is satisfactory. For the true centering of the 
arc, and its truly circular form and correct grathmibn, the 
navigator must trust entirely to tlie skill of the maker. 

By reason of the bonding and elasticity of the index, and 
the resistance it meets with in turning rmmtl the centre, iu 
extremity, on being pushed round the arc, will sensibly ad- 
vance before the index-glass begins to move, and may be 
seen to recoil when the force acting on it is removed, 
Mr Hadley, in order to remedy this defect, which lie seenw 
to have apprehended, gave special directions that the Index 
be made broad at tlie end next the centre, and the centre 
or axis itself Itave as easy a motion os is consistent with 
steadiiufSK ; that is, an entire freedom from looseness or 
shuke^ as the worknjen term it. By strictly cxmiplying 
with these directions, the error in question may indeed be 
greatly diminished, so as to be nearly instmsible, when the 
index is made strong, and the proper medium between the 
two extremes of u shake at the centre on the one hand, and 
too much siiffncHs there on the other, is nicely hit ; but it 
cannot be entirely corrected, ihr U) more or less of bending 
the index will always be sulycet, and some degree of resist- 
ance will remain at the centre, unh^ss the iHction there could 
be tcjtally removed, which is itn|KKHsible. 

Of the reality of the error to which be i.« liable from this 
cause, the observer, if bo i» proviiletl witii an instrument 
furnished with an atljustmg screw lor the index, may. thus 
satisfy himself: — Alter finishing the observation, lay the 
instrument on a table, and note the angle ; then camfously 
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loosen the screw which fastens the index, and it will Observa. 
immediately, if the instalment is not remarkably w’ell tion instra- 
constructed, be seen to stiirt from its former situation, Juents. 
more or less according to the perfection of the joint and 
strength of the index. This starting, which is due to the 
index recoiling after being released from the confi.ned 
state it was in during the observation, will sometimes 
amount to several minutes ; and its direction will be oppo- 
site to that in which the index w’as moved by the screw at 
the time of finishing the observation. But how far it 
aliects the truth of the observation depends on the manner 
in which the index was moved in setting it to 0, for 
adjusting the in.strument, or in finishing the observations 
necessary for finding the index error. 

The easiest and best rule to avoid these errors seems to 
be this : — In all observations made by Hadley’s quadrant 
or sextant, let the observer take notice constantly to finish 
his observations by moving the index in the same direction 
which was used in setting it to 0 for adjusting, or in the 
observations necessary for finding the index error. If this 
rule is observed, the error arising from the spring of the 
index will be obviated* For as the index was bent the 
same way, and in the same degree, in adjusting as in ob- 
serving, the truth of the observations will not be affected 
by this bending. 

To Ohserte the Sun's Altitude at Sea^ 

Turn down one of the dark glasses before the horizon-glass 
(if tlie instrument be the quadrant, the fore horizon-glass 
is to be used) according to the sun’s brightness ; direct the 
sight to that part of the horizon which Is under tlic sun, and 
move the index until the coloured image of the sun appears 
in the horizon -glass. Tiieu give the instrument a slow 
vibratory motion abotjt the axis of vision, m already de- 
scribed ; move the index until the upper or lower limb of 
the 8UU is nearly in contact wdth tlie horizon at the lowest 
or highest {)art of the arc (according as the image is seen 
erect or inverted) described by this motion ; and complete 
the contact by the tangent-screw, if the st‘Xtant be usi*d — 
if mg, by moving the index. The reading off of the limb 
will be tlie altitude of tlui sun. 

To Oksrrre t/w Moon's Altitude at Sm* 

Turn th)wn the green glass, and obH*rvc the moon 
in the silvered part of the lairizfin-glass the eye being 
directed tow'arcU the horizon ; move the index i^adnally, 
and procectl m altmdy described in the case ox the sun, 
until die enlightened limb i« in ctmtact with the horizon at 
the loweat or highest point of the arc described by the vi- 
bratory motion. The reading off will be the altitude of 
the moon’s observed limb. If the lower limb be observed, 
the moon’s semidiametcr must be added ; and if the upjier 
limb be observed, it must be sfihtratted from the ohserv«-d 
altitude, in order to obtain the altitude of the mmm’s centre. 

If the observation is made in tlte day-time, the coloured 
glass is not to be used. . 

To Okwre the Altitude of a Star or PfamL 

Put the index to zero ; then direct die right to the star 
$0 as to sec it through the unsilvered pirt of the horizon- 
glass ; turn the instrument a little to the left, and tlu* ima.'e 
of the star will be st^en in tfie silvered part of the 
Novr move the index, and dm image will he st-en to tit sa nd ; 
coiuliiue to move the index gradually, until t\iv star n 
in contact with the horizon at the lowest iMduU of the 
arc described by the vibranwy motum; in die am of 
the a’Xtam, clamping the index when the contact is nearly 
made, and completing it t%ith the adju,aing or tangent 
screw. 
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To find the Altitude of the Sun on Shore with an Artificial 
Horizon. 

A flat disli, containing a small quantity of mercury, is 
generally used for this purpose. The surface of the mer- 
cury is horizontal, and is a good reflector of the sun’s rays. 
Let the observer so stand that he may receive on his eye 
rays from the sun which have been reflected from the sur- 
face of the mercury. He will then, according to the prin- 
ciples of optics, see the reflected image of the sun as much 
below the surface of the mercury as the sun is above it. 
If, then, he looks at the image through the unsilvered part 
of the horizon-glass, instead of at the horizon, and brings 
the image of the sun reflected at the index-glass and 
horizon-glass into contact with this, it is evident that the 
angle observed will be double of the sun’s altitude. The 
details of this process are the same as have been already 
explained, paving read off the angle when the contact 
has been made, it must be corrected for the index error ; 
and the result, divided by 2, will be the apparent altitude 
of that limb of the sun which has been observed. 


To Observe the Distance between the Moon and any 
Celestial Object with the Sextant, 

1. Between the Sun and Moon , — Put the telescope in 
its place, and the wires pai'allel to the plane of the instru- 
ment ; and if the sun is very bright, raise the plate before 
the silvered part of the speculum ; direct the telescope to 
the transparent part of the horizon-glass, or to the line of 
separation of the silvered and transparent parts, according 
to the brightness of the sun ; and turn down one of the 
coloured glasses. Then hold the sextant so that its plane 
produced may pass through the sun and moon, having its 
face upwards or downwards, according as the s\in is to the 
right or left of the moon ; direct the sight through the 
telescope to the moon, and move the index till the limb of 
the sun is nearly in contact with the illumined limb of the 
moon ; now clamp the index, and, by a gentle motion of 
the instrument, make the image of the sun move alternately 
to one side and the other of the moon ; and when in that 
position, wliere the limbs are nearest each other, make the 
contact of the limbs perfect by the tangent-screw; this 
being effected, read off the degrees and parts of a degree 
shown by the index on the limb, using the magnifying-glass ; 
and thus the angular distance between the nearest limbs of 
the sun and moon is obtained. 

2, Distance betioeen the Moon and a Planet or Star , — 
Direct the middle of the field of the telescope to the line 
of separation of the silvered and transparent parts of the 
horizon-glass ; if the moon is very bright, turn down the 
lightest-coloured glass, and hold the sextant so that its plane 
may be parallel to that passing through the eye of the ob- 
server and both objects ; its face being upwards if the moon 
is to the right of the star, but downwards if it be to the 
left. . Now direct the sight through the telescope to the 
star, and move the index till the moon appears by the re- 
flection to be nearly in contact with the star ; clamp the 
index, and turn the adjusting or tangent screw till the co- 
incidence of the star and the enlightened limb of the moon 
is perfect; and the reading off‘ of the limb at the index will 
be the observed distance between the moon’s enlightened 
limb and the star. 

The contact of the limbs must always be observed in the 
middle, between the parallel wires. 

It is sometimes difficult for those not mtich accustomed 
to observations of this kind, to find the reflected image in 
the horizon-glass ; it will perhaps, in this case, be found 
more convenient to look directly to the object, and, by 
moving the index, to make its image coincide with tliat seen 
directly, 
von. XVI. 


SECT. II. — OP THE CORRECTIONS TO BE APPLIED TO 
OBSERVED ALTITUDES AND DISTANCES. 

1. Parallax, 

In order that the place of a heavenly body may be fixed 
in space, it is necessary to suppose that all observations are 
taken from one point. This point is the centre of the 
earth. Consequently the places of the sun, moon, and 
planets, whose distances from the earth are measurable, as 
observed, must be reduced to what they would be if seen 
from the centre. The correction for this object is called 
parallax. The fixed stars are at so great a distance from 
the earth that they have no sensible parallax, and this cor- 
rection is not to be applied to them. 

Let C (fig. 47) be the centre of the earth, P the place of 
the observer on its surface, and Z his zenith ; and let S be 
a heavenly body whose position is observed. Then ZPS 
is the observed zenith distance, or complement of the ob- 
served altitude, and ZCS z 

the true zenith distance, 

— L^.‘, the zenith distance 
as observed at the earth’s 
centre. 

Then clearly the angle 
ZPS is greater than the 
angle ZCS by the angle 
PSO, which is also in the 
plane of the vertical circle 
through S. It is evident 
from the figure that a 
heavenly body is depress^ 
ed by parallax ; and the 
observed altitude is less 
than the true altitude by 
a certain amount depend- 
ing on the altitude, which 
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is called the correction of parallax. The correction of 
parallax, therefore, must always be applied with the positive 
sign. Its amount may be easily found ; for, let ZPS 
and ZCS=3?, and PSC the parallax=tp,‘ then, in triangle 
PSC, 

Sin PSC =g^ sin SPC=gg sin SPZ. 

Let PC=rr, the radius of the earth, and SCs::ll, the dis- 
tance of the heavenly body from C ; also PSC is always 
very small, and sin PSC=:PSC=p very nearly. 

Hence = ^ sin z\ 

r and R being invariable, p is greatest when s's-90®, or 
when S is in tlie horizon. Let P be the value of p in this 
position ; then 


P = 


iC 


and ja=P sin z=s'? cos a, 
if a be the observed altitude. 

This will illustrate the principle on which tables of cor- 
rection for parallax for different heavenly bodies, as sun, 
moon, &c., for different angles of altitude, are calculated. 


2. Refraction, 

Refraction is a correction to be applied in consequence 
of the rays from every heavenly body being bent or re- 
fracted as they pass through the successive layers of the 
earth’s atmosphere, in consequence of which they describe 
curvilinear paths, having their convexity turned towards the 
zenith of the observer. The tangent to this curve at the 
eye of the observer is the direction in which he sees tlie 
object, and is evidently, from what has been said, bent 
jowards the zenith. Hence the effect of refraction is to 
raise the heavenly bodies in the heavens above tbeir true 
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Observa- places ; and the correction must therefore be applied to the 
tioa Instrii- Q|3sgi.y-0(3 altitudes of all bodies with a negative sign, 
meats. which this correction follows is very complex ; 

it is very great when the body is near the horizon, and 
vanishes when it is in the zenith. The best position of 
heavenly bodies for observation, so far as this correction is 
concerned, is near the zenith. 

A table of this correction for every 5' of altitude is cal- 
culated, and is to be found in all nautical tables. 


Ilcncc ACir in seconds 

= 07-29J7T X CO X 60 X ^ - - 

^ 6120x0i«8 

Hence, putting r7=I, 2, 3, Src., feet respectively, we can 
find the dip when the eye is 1, 2, 3, See., feet respectively 
above the surface. 

Whence tables for the dipat different elevations may be 
calculated^ 


Nautical 

Astrono- 


3. Correction for Sernidiametcr, 

When tne sun or moon, or a planet, is observed, the altitude 
of one of the limbs is the observed altitude, the altitude of 
the centre must be obtained by adding or subtracting the 
semidiameter of the observed body according as the lower 
or upper limb is observed. The semidiameters of the sun 
and moon are continually changing ; and tables are given 
in the Nautical Almanac of their values at noon of every 
day at Greenwich, and in the case of the moon at mid- 
night also. Their values at any intermediate liour may be 
calculated from these, as will be more fully shown here- 
after. 

This correction is not to be applied when a fixed s ar is 
the object observed. 

4. Correction for Dip. 

The altitude is supposed to be observed from the true 
horizon-r7.c., from a horizontal plane through the place of 
the observer. This, however, is never the case, for the 
observer’s eye must then be on the earth’s surface. It is, 
in fact, always elevated above it, and the apparent horizon 
is depressed in consequence below the true horizon. 

Tlic nature of this correction will be easily seen from 
fig. 48. B the place of' 
observation at a distance 
AB=5:<7 feet above the 
surface, BH' touchingthe 
surface at If ; then BJf 
is the plane of the sensible 
horizon ; S a heavenly 
body to be observed. 

Draw B/i parallel to AH, 
tbc true horizon of A, 
and let BH'and AH in-’ 
tersect in J. Then, 
since AB is very small 
compared with BS and 
AS, the 7iBS may 
be considered as ecuial 
to HAS. Also letups 
earth’s radius, CA or 
CH'. Hence observed rig. <8. 

altitude of S 

=/aiS + AJB=ABS+ACH, 

Or true altitude = observed altitude- A CH'. 

Now ton — 

55 , , 

^nearly, because may be ne- 
gjected in comparison of 

Also ACH'«ta» ACH' nearly ; 

ACH'=V^ 

Now R in feet« 6120 x 8958. ^ 


5. Index Drror. 

This error has already been ex[)IainccL 

It will be obscTvetl that all ol).<urvetl altitudts are 
affected with refraction and dip^ ot' which the firsit is 
always subtractive, and the secoiul is subtractive in <d)- 
servations, except when the back horizon-glass cjf the 
quadrant is made use of, when it t.s additive. 

Parallax and semidiameter affect only those* bodies 
whose distance from the earth is not vc-ry great, and u hitdi 
have a sensible diameter, as the sun and moon ; but no fixed 
stars. Parallax is always additive ; and the H«*midianu*ler 
is to be added or subtracted according as the lower or 
upper limb of the heavenly body is observed. 


Chap. II.— PRELIMIXAHY PROBLFAIS IX XAUTl- 

CAL ASTROXOMY, AXD USE OF SWTUWU AL- 

MAXAC AND TABLES. 

SKOT. I.— OF TIME. 

A day is the interval between two sum’Hsive transits td* 
a heavenly body over the meridian, and derives its n.itue 
from the body who.se motion k observt^d; and ofwhaieMT 
denomination it be, it is divided into 24 hour>, each Iwur 
into 60 minutes, and each minute into 60 Hcccank I’be 
interval betwci*a two successive transits of the >un Is a 
solar day; of the moon, a lunar day; of a fi.Ke<l smr, a 
sidereal day. The earth’s rt‘volution about her axis is pt r- 
fbrmed always in the same time ; luuice if all the heavenly 
bodit's retained the same position with regard to one 
another, all <lays of wha£t*vta- mum* wouhl be of the same 
length. Tiu* sun ((»r, more strictly spt'aking. llu* earth), 
the moon, and planets are always varying tlteir positiem 
with respect to one another and the fixed btars; and they 
move with velocities not only different from each other, 
but variable in different {mrts of their own orbiti* llte 
length of the day, therefore, determined by these bodies is 
vanable. In order to obtain a definite and unifbrm 
measure of time, the mmn solar which is the average 
of all die apparent solar days in the year, t uioluyt d. An 
imaginary body, called die mean is supptised to de- 
scribe the equator uniformly with the true sun’s average 
or mean dally motion, and the interval between two suc- 
cessive tran.sits of this imaginary sua is a mmn solar dm/. 

Clocks and clironometers are atiapted to mean solar 
time ; so that a complete rcvohititm tiirough twenty-four 
hours of the howr-liand of one of these in-struments would 
exactly correspond with the revolution of the earth about 
her axis with regard to the mean sun. Time reckoncf! in 
mean solar days and parts of mean solar days is called 
mean solar time. 

The true sun sometimes passes the meridian before and 
sometimes after the mean sun ; the differenct* in time of 
the transits of the tme and mean suns is called the ft/mimn 
of time^ and is sometimes to be added and j^ometimes to bt* 
.subtracted from the one of these times to obtain the other, 
as is fiointed out in the Nautical Aimame. 

^ As the earth revolves about her axi^ from E. to W., 
different meridians successively come under the uwsan »tm ; 
and since, after the lapse of twenty-four mean mhx hours, 
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Nautical the same meridian again comes under the sun ; it follows 
Astronomy that for every 15° of longitude between the places, there is 
a difference of of mean time ; and that mean noon is 
earlier for every 15° of E. longitude, and P later for 
every 15° of W. longitude, 

A sidereal day is the interval between two successive 
transits over the same meridian of the vernal equinox, or 
the first point of Aries. This is not strictly a uniform 
measure because of the change of the position of this point 
of Aries in consequence of precession and nutation. Time, 
therefore, so reckoned, ought strictly to be called apparent 
sidereal time ; and mean sidereal time to be reckoned from 
the transit not of the true but of the mean equinoctial point. 
The smallness of the fluctuations to which a clock regulated 
to apparent sidereal time, compared with one regulated to 
mean sidereal time, is subject, amounting at the utmost to 
2®*3 in 19 years, has prevented the practical inconvenience 
of this being felt ; no clock being sufficiently perfect to go 
for so long a period without requiring frequently to be re- 
adjusted. 

The sun’s apparent revolution in his orbit round the 
earth takes place in 365*242218 mean solar days ; the 
mean sun, therefore, describes an angle of 59' 8"*33 in a 
mean solar day ; hence, in the interval between two suc- 
cessive transits of the mean sun over the same meridian, 
the earth revolves through 360° 59' 8"*33 ; but in a 
sidereal day the earth revolves through 360°. Whence we 
obtain the proportion — 

A sidereal day : a mean solar day : : 360° : 360° 59' 8"*33. 

Whence also it is evident that, if the same interval of 
absolute time be expressed in mean solar and also in 
■ sidereal time, it will be greater in, the latter denomination 
than in the former. 

Tables are calculated for the acceleration of sidereal on 
mean solar time, and, conversely, for the retardation of 
mean solar on sidereal time, which are useful for convert- 
ing intervals of sidereal into mean solar time, and con- 
versely. These are to be found at page 516 of the Nau-- 
tical Almanac. 

Astronomical mean time always begins at noon, and goes 
on to the succeeding noon through 24 hours j so that a clock 
which shows astronomical mean time, set for any place (as 
Greenwich), shows O’" 0“ 0* when the mean sun is On the 
meridian, and shows 24 hours, or O’" 0”" 0®, when the mean 
sun is again on the meridian. 

A clock set to show sidereal time shows O’^ 0“ 0* when 
the mean equinoctial point is on the meridian, and shows 
24 hours, or O’" 0”" 0®, again when this point is next on the 
meridian. 

Sidereal Time, in the Nautical Almanac, is the sidereal 
time at mean noon for the meridian of Greenwich ; or, in 
other words, the hour angle of the equinoctial point when 
the mean sun is on this meridian ; and is very useful in all 
cases where mean time is to be deduced from observations 
of heavenly bodies. 

The civil day is reckoned from midnight to midnight, 
and is divided into 12 hours, from midnight to noon, called 
A.M. ; and into 12 hours, from noon to midniglit, called r.M. 
Evidently time r.M., and astronomical mean time up to 
midnight, are the same. But for time A.M., add 12 hours, 
and date the day one back. 

Thus, June 3, 7*" 5"" 27* p.m. is, June 3, 7^^ 5”" 27* 
astronomical time; but, June 3, 5^" 12“ 37* a.m. is, June 
2, 17’" 12“ 37* A.M. 

Conversely, if the astronomical time is given, and the 
corresponding civil time is required, if under 12 hours, the 
given time is the same time p.m. for the same date ; if 
above 12 hours, subtract 12 hours from it, and date the day 
one forward, and the result is civil time a.m. 

Thus, September 18, 7^ KT 15* is, September 18, 


85 

7’" 10“ 15* P.M. ; but September 18, 22*" 13“ 45® astro- Nautical 
nomical is, September 19, 10’" 13“ 45* a.m. Astron^y 

Prob. 1. — To convert degrees, or parts of the equator, 
into time. 

Hule . — Divide the degrees by 15; the result gives 
hours. Multiply the remaining degrees, if any, by 4 ; the 
result is minutes. Divide the number of minutes by 15 
for minutes, and then multiply the remaining minutes by 4 
for seconds. Divide the seconds by 15 for seconds, and 
decimals of seconds, if necessary. 

Bx, 1. — Reduce 26° 46'’ to time. 

Divide 26 by 15, the quotient is 1, with remainder 11. Hence, 
by the rule — 

26° = 44m 

45' = 0 3 

or 26° 45' = 1 ^7, 

Bx. 2.~-Reduce 139° 48' 18" to time, 

139° = 9i» 0« 

48' = 0 3 12 

18" =0 0 1*2 
orl39°48'18"=9 19 13-2. 

pROB. 2. — To convert time into degi*ees, minutes, and 
seconds. 

JRule . — Multiply the given time by 10, and add to the 
result half of the product. The result will be the corre- 
sponding degrees, minutes, and seconds. 

Bx. — Convert 3^ 4” 28“ into degrees, &c. 

3^ 4m 23* 

10 

30 44 40 
One half = 15 22 20 
4i> 7 0 

Answer 4G® 7'. 

pROB. 3. — Given the time under any known meridian, to 
find the corresponding time at Greenwich. 

jRule . — Let the given time be reckoned from the pre- 
ceding noon to turn it into astronomical time ; convert the 
longitude of the known meridian into time, which. add to 
the given time if the place be W. of Greenwich, and sub- 
tract from the given time if it be E* ; and, if necessary, 
increase the time by 24 hours, reckoning the day one back. 

If the resulting time exceed 24 houi'S, put the date one clay 
forward, and subtract 24 hours. 

Bx. 1. — It is 15“ P.M., June 23, in a ship whose longitude is 
76° 46' W. 

76° 45' = 7“. 

Given time, June 23 6^ 15“ 

Longitude ^ 5 7 \Y. 

Time at Greenwich li 22 June 23. 

Bx. 2. — The time at a ship in longitude 139° 48' 15" B. is, July 
24, 5^ 26“ 20* P.M.; required the Greenwich time. 

139° = 16“ 0* 

48' =: 0 3 12 

15" = 0 0 1 

9 19 13 

This being greater than the given time, wo next add 24^ to the 
latter, and we have— 

25“ 20* 

9 19 13 

Time at Greenwich 20 6 7 July 23. 

Or civil time 8 6 7 a.m. July 24. 

Bx. 3. — The time at a ship in longitude 176° 45' \T. i^^ June 
28, 4*» 18“ 12* A.M. ; what is the Greenwich time ? 

175° 40“ 

45' = 0 3 

LongItuSde = 11 43 W. 

Time at ship is, June 27..*.. 16^ 18“ 12* 

Longitude...... 11 43 0 W* 

Time 28 1^ 12 

4 1 12 
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N’autical 4.— The time at a ship ia longitude 178® E. is, October 14, 

Astronomy Qh, ism ; what is the time at Greenwich ? 

3^ 15» A.M. on Oct. 14... = Oct. 13, 15^^ 15*" 0* 

Longitude 178® = 1 1 52 0 E. 

Time at Greenwich. = Oct. 13, 3 23 0 


, Pkob. 4.— To find the Greenwich time by a chronome- 
ter wliose error on Greenwich mean time is known. 

Rule.— Add or subtract the error of the chronometer 
to the time shown by it, according as it is slow or fast ; the 
result is Greenwich time. Sometimes 12 hours must be 
added to this result, and the day reckoned one back. The 
best way to obviate this error, is to obtain Greenwich time 
approximately, by Problem 3, by help of the ship’s mean 
time and longitude by account ; if the difference between 
the two (Greenwich) dates, so found in these two ways, is 
nearly 12 hours, then the date by chronometer must be^ 
increased by 1 2 Iiours, and the day reckoned one back if 
necessary, so as to make the two dates agree in the day and 
hour nearly. 


JSx. 1.— Juno 15, 1867, at 7^ 46« r.M. moan time nearly, in 
longitude 46° W., a chronometer showed 10^ SS® 12*, being 3“ 15* 
fast j required the Greenwich time. 

By Chronometer. By Bulc 3. 

June 16, Chronometer 10^ 6 3W 12» Ship, Juno 16.... 7^ 46“ 

Error on Gmwiohl ^ 3 jg Longitude 3 0 W. 

mean time (fast; .... j * 

Greenwich time 10 49 67 Greenwich time, 10 46 


JSx. 2.— October 12, 1857, at ll^^ 4f)«^ in longitude 110® 
36' W., a chronometer showed 7** 0® 40% being 9® 6* slow j re- 
quired the Greenwich date. 


By Chronomotcr. 

Oct. 12 7^ 0® 40» 

Error (slow).. 0 9 6 

7 9 46 

12 0 0 

Greenwich, Oct. 12, 19 9 46 


By Eule 8. 

Ship, Oct. 12 46® 0» 

Longitude 7 2 2 20 

Grecnw.,Oct. 12... fa 7'’"2U 


Prob. 6.— Given the Greenwich date, to find the date 
under a given moridian. 

Rule . — The Greenwich date being reduced to the pre- 
ceding noon, reduce the longitude to time, and subtract 
it from Greenwich date, increased by 24 hours, and put one 
day back if necessary, if the longitude be W. ; and mid 
if the longitude be E. 

JEx. 1.— An eclipse of the moon commenced at Greenwich, De- 
cember 26, 1862, at 22'» 14® 36* ; at what time did it begin at 


a place in longitude 176® K ? 

Greenwich time, Dec. 26 22^ 14® 3d* 

liongitude 11^40 K. 

33 54’ 

(*.<?.) December 26 9 64 


Ex. 2,— On the 6th of December 1867, at 9** at Greenwich, the 
distance of the moon from the sun was 106® 44' 34 '' ; at whafc time 
will the distance bo the same in longitude 16b° 15' 43" W.? 

Long. = 11’* 13® £*‘8G IV. Greenwich, Dec. 6 33*» 0® 0* 


Add 24 to Greenwich time. Longitude.,*..,...* 11 13 2*86 W. 

Date required, Dec. 6 2r46~67~f4*[ 


tity to be applied to the value at the preceding noon, which Nautical 
must be added if the quantity is increasing, and subtracted Astronomy 
if it be decreasing. As the values of the quantities are 
given for Greenwich noon, it is necessary to reduce the 
ship’s time to (xreenwich time, in order to obtain their [>ro- 
per value. 

This process may he materially shortened by the use of 
proportional logarithm.^ w hich are given in nautical tables, 
and to which the reader is referred for an eXf>lanatiotu For 
example, to take otit the sun’s tleclination at a given time 
in a given place, pt a (ireenwich date, as already ex- 
plained; takeout from the Aauticui Ahnattm the tfecli- 
nation at two succesHive ntxms befwt't‘n which tlu’ d.ite lie^ ; 
take their difference; take out ir<mi the tables the loga- 
rithm of the Greenwich date of the sun ; add to it the pro- 
portional logarithm for the change in 21 hours:— the re-idt 
is the j)roporti{)nal logarithm of the change of declination 
for the given time. This will be found frotn tin* table, and 
added orsubtracted,aceording as the declination is iiu reading 
or decreasing. Sometimes t!tc declination at tuo Mtcces- 
sive noons will be of different names ; the difference must 
then he found by adding them. 

The very sanie mode applies to findittg the c qtmtimt of 
time, and also tlie mitfs appareitt right asceu'^ion. 

The sun’s semidiameler mayalway.^ be taken to he tlmt 
corresponding to the iR‘arc.st noon. 

The right ascension of tlte ntean sun, culled in the Acim- 
Heal Almanac the sidtreal time^ may be ftHind for any 
other meridian than (Jreenwich in the same way* Since, 

Imwcver, the motion of the mean sun is uniform tlirtiUglMUtt 
the year, the change in any given number of hour% minute^, 
and seconds is the same fiir all days, and can be found at 
once from the Table of Time Equivalents” given in the 
Nautical Abnanae. 

Opposite to each of these quantities in tlie Xautu al Al* 
tnanac is given the tlifference for one hour, wliicli « nabks 
us to find the quantity for any other hour than noon, by 
nmhiplying this hourly difference by the number of htuir.^ 
in the date from noon, and adding^ to it the prtiporiiomd 
parts for the additional minutes and seixmds, and applung 
this difference to the value f«>r the preceding noon, with a 
jKisitive or negative sign, acconling as the quantity in- 
creasing or decrearing. 

The following examples w ill illuHirale these direetioiui:-- 

Ex. l.-Octol^r n, 1867, In Long. 36® W E,, at 7 ^ a,si, * 
required the tun’i <i«c!irietlon, right ttetmUm, equatiofi timf% 
and sidereal time, i.«., the right aeeenilon of the mean $m when 
croming the meridian of obeerver. 

October 11, 7h m am. dv» It, Oefcob^ 10... 10*^ 46® 

7x>ngltude 

Greenwich date, Oct 10 17 

To find DedinetIon,--(l.) By proportional logarithma, firom 
Eatuical Almanac. 

Declination, Oct 10 0® 44' S. 

„ „ 11 7 0 43-6 K 

Diff. for 24‘» b 22 42*a ^ 


SECT, IT.— OP THE sun’s DECUHATIOX, RIGHT ASCENSION, 
SITUATION OF TI.AIE, AND SEMIDIAMBTER AND SIDEREAL 
TIME. 

' Allof these quantities are given in the Nautical Almanac 
for the noon of every day. They all vary, and consequently 
their value at any time intermediate between two successive 
noons is different from that at either noon. For ordi- 
nary purposes, it, is sufficient to suppose that foe change 
of these quantities is proportional to tlie time from the pre- 
ceding noon. Hence, if foe difierence of the value between 
the preceding and succeeding noon is taken from the 
Nautical Ahtmwu:^ a simple proportion will give thequan- 


Grecnwicb date, iogcrlthm of 0 ss *14217 

Proportional logarithm for 22' 42"'6 ss 

Prop. log. for 16’ 22'' 10 lUc 

Declination at noon, October 10., 6® 44' O^-O S. 

Increase In IT^* 18® .JC Id 22 

Declination required 7 U 22 9 8. 

(2.) By hourly differencea. 

Difference for 1*», October 10, W*77 from ^Tauiicol Mmanrn* 

m 

39739 

6677 

56609 
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966*09 =16' 6"*09 difference for 17^. 

15« is ^ • U*19 

3“ is i 2*^^ 

16 22*11 

Declination, October 10.. 6° 44 0*9 
Declination required... 7 0 23*01 

To find right ascension. 

Right ascension, Greenwich, October 10 ... 13^ 3“ 8**80 

,, » 11 *** 13 6 5Q-02 

0 3 41*22 

Greenwich date logarithm of © = •14217 

Prop. log. for 3»*‘ 41* = 1*68903 

Prop. log. for 2“ 39* 1*83120 

Sun’s right ascension at noon, October 10 ... 13^ 3“ 8»*80 
Increase in m 0 ^ 39 

Sun’s right ascension required 13 5 47*80 

Or, from Nautical Almanac — 

Difference for 1** 9*216 

n 

64512 

9216 

156*672 

15® is 2*304 

3 is ‘461 

i59*437 or 2™ 39* nearly. 
Sun’s right ascension, October 10, noon .... 13^ 3« 8*'80 
Increase for 17^ 18*» 9 2 39 

Right ascension required 13 5 47 

To find equation of time. 

Equation of time, October 10 

„ 11 


.,0 2 

39 

..13 6 

47 

lOm 

59**81 

13 

16*15 

0 

15*34 

.... =: 

•14217 

2 

1*84873 

.... 1 

!*99090 

12® 

69-8X 

0 

11 

Tf 

10*81 


Greenwich date log. of 0 

Prop. log. for 15**3 

Prop. log. for 11* 

Equation of time, October 10 

Increase in 17^^ 18® * 0 


Or, from Nautical Almanac — i 

Increase for ...» 0'^*639 

17 

4473 

639 

10*863 

15«i8l 129 

3 is I 25 

11*017 or 11* nearly, 

which, added to the equation of timo at mean noon of October 10, 
gives 13® 10**81 for equation of time required. 

Right ascension mean sun, October 10 ... 13>* 16® 8**61 


11 


13 20 5 *17 


Difference 0 3 56 *56 

Greenwich date of © = *14217 

Prop. log. for 3® 56* = 1*66051 

Prop. log. for 2® 50* 1*80268 

October 10 13^ 16® 8**61 

Increase * 0 2 50 

Mean sun’s r. ascen. or sidereal time, 13^ 18 58*61 

Or, by table of time equivalents, 

Mean sun’s right ascension, October 10 ... 16® 8**61 

Correction for 17^ 0 2 47 

Correction for 18® 0 0 3 

Mean sun’s right ascension required,. 13 18 58*61 

JEx, 2. — To find the sun’s declination at a place in Long. 97° 45' 
*W., at 3^ 46® 3P.M., on 20th March 1867,— Greenwich date, March 
20, 10^^ 17®. 

Sun’s declination, March 20 0° 3' S, 

„ „ 21 0 20 6-1 N . 

Difference * 0 23 41'S 


Greenwich date logarithm © = *36803 Nautical 

Prop. log. for 23' 41" = *88083 Astronomy 

Prop. log. for 10® 9* 1*24891 ^ ^ y ^ 

Declination 6' 33"*5 N. 

Or, hy hourly difference, 

Difference for 1^, March 20.....* 59'‘'’23 

10 

Difference for 10^ 592*30 

15® is i 14*80 

2® is aV 1*97 

609*07 

Correction 10® 9* 

And the declination, subtracting from this 3 35*5 

Gives, as before 6' 33"*5 N. 


SECT. III. — OP TAKING OUT MOON’S DECLINATION, EIGHT 
ASCENSION, SEUmiAMETEK, AND HORIZONTAL PARALLAX. 

The moon’s declination and right ascension are given for 
every hour in the Nautical Almanac ; and the difference 
for 10”^ at the beginning of every houros recorded. FrOm 
these data, the moon’s declination and right ascension at 
any hour can be readily obtained ; for by multiplying 
the difference for 10™ by the number of intervals of 10™ in 
the given time since the last hour,' and taking parts for the 
additional iDinutes and seconds, and adding the result if the 
declination be increasing, and subtracting if decreasing, to 
the declination at the last preceding hour, we shall find the 
declination. The difference must always be added to the 
right ascension. Or they may be found by a table of 
logistic logarithms : thus, add together the logistic loga- 
rithms of the minutes and seconds in the Greenwich date, 
and the proportional logarithms of the difference ; the result 
will be the proportional logarithm of the correction to be 
apjdied. 

The moon's semidiameter and horizontal parallax are 
given in tlie Nautical Almanac for every 12^‘, — viz., from 
mean noon to mean midnight, and mean midnight to mean 
noon, of every day at Greenwich. Hence we may proceed 
as for the sun’s right ascension and declination, except that 
we must always take out of the table the decimation or 
right ascension for the mean noon or mean midnight, ac- 
cording as the time lies between noon and^ midnight or 
midnight and noon ; and if the Greenwich date exceed 
12^ we must subtract 12^ from it, and reckon the difference 
from the preceding midnight. 

jRx, 1. — August 10, 1857, in Long. 84° SO' E., at 7^ 44® 15* P.M.; 
required the moon’s right ascension and declination. 

fthip, August 10 7** 44® 15» 

Longitude 5 38 0 E- 

Greenwich date, August 10, 2 6 15 

Moon’s r. ascen., Aug. 10, 2i*, 1^^ 8® 43**49 Dccl., 9° 22' 48"*7 N 
„ „ 3 1 10 60*91 „ 9 38 65*1 N» 

Difference 0 2 7*42 0 16 6*4 

Log.log..., 6®15»= *98227 Log.log.... 6® 15» = *78227 
IMog.for.. 2 7 = 1 92962 P. log. for., 16 6 = D04846 

P. log. for.. 0 13 2*91189 P. log. for.. 1 4L 2*03072 

Moon’s r. ascen., Aug. 10, 2^, 1^ 8® 43**49 Decl, 12^ 9° 22' 48"*7 
Correction 0 0 13 Cor 0 1 41 

Moon’s right ascen. required, 1 8 66*49 Decl. req., 9 24 29*7 

Or for right ascension — Or for declination — 

Difference for 1*^ ... 2® 7**42 Difference for 10® ... = 161*05 


6® is 12*742 6® is \ 80*52 

16* is jV 530 1 is \ 16*10 

1$.;272 ^5* i ^ 

Or correction is 13*, as before, 100*62 


Or correction is 1® 41*, as before. 

2.— September 12, 1857, in Long. 149° 18' W., at 6*» 36» 
p.M. \ required the moon’s semidiameter and horizontal parallax. 

Ship, September 12 6^^ 36® 0* 

Longitude 9 67 12 W* . 

Greenwich, September 12... 15 33 12 
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Nautical Moon’s ScmUliauiotcr. Moon»s Ilorizorital Parallaa:. 

Astronomy Sept. 12, midnight .... 15' 53"-2 Sept. 12, midnight .... 54/ 10" 

Sepfc. 13, noon 15 49'3 Sept. 13, noon 57 55-9 

Bilforonce 0 14*1 


Difference 0 3*7 

And both arc decreasing. 


^ I = *52895 


Greenwich date \ 

log 3) - i 


= -52895 


O'* I AUg JJ } 

Prop. log. for 3"’7 = 3*46522 rrop.log.forl4"*l=: 2^84^ 

Prop. log. for 1"*1.. i"99417 Prop. log. for 4"*2 3*41315 


Moon’s semidiameter 1 _ , ^ov i Morix. parallax 1 _ -q, -,/q 
at 15^ 33”^ 12*, atlSi^ 33«» 12* J — ® 

These problems may also bo solved by simply taking the propor- 
tional parts. Thus, for the horizontal parallax — 

Difference for 12’‘ 14"*1 


nearest to the approximate interval, we find 3* the correction, which Nfautical 
is to be added, as the proportional logarithms arc decreasing. Hence Astronomy 
the Greenwich time is 1^ 54« 27*. V j 


SECT. V.— -OF MEAN AXP ATPAPENT SOLAR TIME, AND 
SIDl^UEAL TIME. 

Prob. 1. — Given mean solar time at any given place, 
to find apparent solar time ; and, conversely, given aj)parent, 
to find mean solar time. 

Find the time at Greenwich, and correct the equation 
of time for this date. The equation of time .^o coiTectc<l 
applied to the given time, with the proper sign (as shown 
in the Nautical Almamc), will give the time re(|nireci. 


3i‘ is i 3*5 

30« is I j58 

4*08 

Or tho correction is 4". 

And for somidiamoter— - 

Difference for 12i» 3"*7 

3^^ isi 

30« is^ T5 

1 *07 


Or tho correction is 1"*07. 


SECT. IV. — OF LUNAR DISTANCES. 

Prob. — Having given a lunar distance, to find its 
Greenwich date. 

Rule. — Lunar distances arc found for every third hour 
of Greenwich moan time, and are recorded in the Nautical 
Almanac^ as also the proiiortional logarithms of the differ- 
ences of the distances at intervals of every throe hours. 
To find, then, the Greenwich date corresponding to a given 
distance, find in the table the nearest distance preceding 
in order of time the given distance, and take the difference 
between it and the given distance; from tho proportional 
logarithm of this difference subtract the proportional lo- 
garithm of the said nearest di.stancu; the remaiiKier w ill 
be tlie jn'oportional logarithm of the correction to I)e applied 
to the Greenwich date answering to the nearest distance 
in order to obtain the approximate (kcenwich time. 

The distances are here stipposed to increase unifontily, 
which is not the case. It is therefore necessary to apply'a 
correction to the time above obtained, if great accuracy is 
required. This may be found by help of a Table showing 
the Corrections reauired on account of Second Differences,” 
in the Nautical Almanac^ as follows: — (1.) Find the ap- 
proximate interval by the preceding rule. (2.) Take the 
difference between the proportional logarithm.s which stand 
Of)posite to tlie distanccjs which include the given distance. 
(3.) Look down the column in the tabic at the head of 
which is tliis difference of proportional logarithm.s, and along 
the column at the loft hand side of which stands the ap- 
proximate interval ; the number so found i.s the correc- 
tion, which is to be added to the approximate time if the 
proportional logarithms are decreasing, and subtracted if 
they are increasing. 

Required the tlnje at Greenwich at which the reduced dis- 
tance of tho TO(x>n from Jupiter will be 42^ 65' 18" on the 23d Do- 
cember 1857. 

h’rom the table, it appears this will be between noon and 3K 
The nearm distance preceding therefore is, — 

Distance at noon 43® 68' 19" Propor. log. *2590 

Hedttced distance 42 66 18 

Difference,...*.^., X 3 1 Propor. log.,.,.,, *4558 

Approximate interval 64*a 24» „ .39^ 

The difference of proportional logarithms at noon and 3*» Is 12; 
and on looking in the table for second differences down the column 
headed ('% and along the column on tt® left of which ft S'*, the 


J?Ar.l. — June 16, 1857, mean solar time 8^ 15"‘ r.w., in longitude 
25® W. ; to find tho apparent time. 


Ship, June 16 8^ 15«» 

Longitude 1 4()JV. 

Greenwich, June 16 9 55 


Equation of time (p. 11, AautJCrtZ Almanac) mhtractive - 

June 16 19«*43 

„ 17 32**34 

Difference... 12»*91 


Greenwich date, log. Q rs *38386 

Propor. log. for 12**9 =s 2*92283 

Propor. log. for 6»*3 3*30668 

Equation of time -0** 0*« 24**73 

Ship, June 16 8 15 ^0 

Apparent time, ship 8 14 35*27 


il®. 2.— Oct. 16, 1867, at 6*» 61“ apparent time, in Long. 
113® 46' B. ; find mean time. 


Ship, Oct. 16.. 61»* 

Ijongitude 7 35 B, 

Greenwich, Oct. ^ 23 16 


Equation of time (p. 1, Nautical Almanac)^ 

Oct. 14 -13»67»-92 

„ 16 .^L‘ir 

Difference 0 13 *20 

Difference for 1** *550 

23 


If MO 
1100 


Difference for 12*650 

L> U L... ’137 

l“‘ is 1*1 *<»09 


12 796 ^ 

Or 12**S nearly. 

Hence mean time at ship, 6** bO*** 47**2 Oct. 16. 


Prob* 2,-— Given solar time, to find 8i<ierea! time. 

Rule . — If the given time be mean solar^ find the (Jreen- 
wicli date ; correct the right af^cemsion of mean sun fur this 
date, and add to the mean time at ship ; the result is sick- 
real time. 

If the given time is apparent solar^ convt rt it into mean 
solar time, as in Problem i, and proceed as heibre# 


— Nov. 18, 1857, at 9** 35“ 30* a.m,, mean time, in 7x»ng« 
18® 7' W. ; required the sidereal time. 

Ship, Nov. 17 ai*’ Sr#® 30* 

XiOttgitudo 1 li> 28 1V. 

Greenwich, Nov. 17th 22 -r * 

Right ascenf ion of mean sun, Nov. 17 15 45 67*72 

CwectioR for 22** 0 3 36*84 

„ 47“ 0 0 7‘72 

,t 68* 0 0 O ld 

Right ascension of mean sun 16 49 42*44 

Ship mean time,..,., 21 35 30 

Sidereal time 13 23 12*44 

Rejecting 24^ in the result 
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Nautical By helpof thelast problem, we may find wliat bright starsin 

Astronomy the catalogue of the Nautical Almanae'V!'^ be on the meri- 
dian of a given place next after any time, mean or apparent. 

For, having Ibundthc sidereal time at a ship, it is evident 
that the star whose right ascension is next greater, is the 
first that will pass the meridian in question. 

It is sometimes required to find all the bright stars that 
will pass a given meridian between two specified hours. 
We must in that case find the sidereal time for both hours, 
and all the bright stars in the catalogue whose right ascen- 
sions lie between these limits will pass the given meridian 
between the specified hours. 

Ex. 1. — To find what "bright star will pass the meridian in Long. 
18° 7' W., on November 18, 1857 ; next after 9’^ 35»^ 30» a.m. 
(See Example to Problem 2.) 

Looking in the catalogue of bright stars in the Nautical Almanac^ 
we find that the bright star whose right ascension is the next 
greater than 13^^ 25'^ 12'‘*4:4-, is jS Corvi, which is the star required. 

2. — What bright stars in the Nautical Almanac passed the 
’meridian of a place in Long. 64° E., between the hours of 6 and 9, 
on March 10, 1867 % 

Ship, March 10 0^ 0» 9^^ 0« 0* 

Longitude 4 16 0 E« 4 16 0 E . 

Greenwich, March 10 1 44 0 4 44 0 

(1.) Right ascension of mean sun — 

Greenwich, March 10 23^ 12“25*‘‘64 

Correction for 1^ 0*" 0 0 9*8566 

0 44 0 0 7*2281 



2Z 

12 

42'726 

Ship, March 10 

.... 6 

0 

0 

Sidereal time 

(2.) Right ascension of mean sun — 

.... 5' 

12 

42-7246 (I.) 

Greenwich, March 10 

.... 23^ 12“ 26**64 

Correction for 4^ 0“ 

.... 0 

0 

39*4259 

„ 0 44 

.... 0 

0 

7*2281 

Ship 

23 
9 

13 

12*2940 

Sidereal time 

’ 8 

13 

12*2940 (n.) 


On looking at the catalogue, we find that the stars whose 
right ascensions lie between these limits are from /S l^auri 
to IS Argus, which are the stars required. 

Prob. 3. — Given sidereal, to find mean solar time. 

Rule. — Take out of the Nautical Almanac the right 
ascension of the mean sun for noon of the given day. Sub- 
tract this from the sidereal time, increased, if necessary, by 
24 hours ; the remainder is mean time nearly. By help of 
the table which gives the relation of mean solar and sidereal 
time already referred to, correct this approximate time, and 
the result will be the mean time required. 


Ex . — July 21, 1857, when a sidereal clock show*ed 6^^ 45“ 35* 
find the mean time. 

Sidereal time 6^ 46“ 35» 

Right ascension mean sun at mean noon. 7 56 47*66 

Mean time nearly 22 48” 47*34 

Correction for 22^ 3“ 46“*C9 

„ 48“ 0 7*88 

jj 47* 0 0*13 Q 3 g^.gQ 

Mean time 22 44 62*74 

By moans of the above we can find the error of a clock or chro- 
nometer by comparing the time shown by it with that of a sidereal 
clock in an observatory. Thus, Greenwich, November 4, 1857, 
a sidereal clock showed 18^^ 15“ 30*, and a chronometer showed 
3 h 28“ 15*, the sidereal clock being 3“ 13**6 slow ; required the 
error of the chronometer. 


Sidereal clock 18^ 16“ 30* 

Error (slow) 0 3 13 *5 


Sidereal time 

R. ascen. of mean sun at mean noon 

.. 18 
.. 14 

18 

54 

43*5 

42*49 

Mean time nearly. . .. . 
Correction for 3^ 

29*’67 

.. 3 

24 

1*01 

,, 24“ 

3*94 




„ 1* 

0 

0 

0 

33*61 

Mean time 


.. 3 

23 

27*60 

15*0 

Chronometer.... 


,. 3 

28 


Error (fast) 0 4 48*6 


Prob. 4. — To find at what time any heavenly body will Nautical 
pass the meridian of a given place on a given day. Astronomy 

• Rule. — From the right ascension of the given star taken 
out qH the Nautical Almanac^ increased, if necessary, by 24 
hours, subtract the right ascension of the mean sun at mean 
noon (or sidereal time^ as it is called in the Nautical Alma- 
7iac), This gives the mean time at the ship approximately. 

Apply the longitude to this, and thus get a Greenwich date, 
and by this date correct the right ascension of the mean 
sun, and subtract the quantity so found from the star’s right 
ascension ; this will be the time required. 


Ex . — At what time will j8 Oorvi pass the meridian of a place in 


Long. 62° 20' E., on July 24, 1857 $ 

Right ascension /3 Corvi, July 24 12*» 26“ 53**88 

Right ascension of mean sun at mean noon 

(sidereal time, Nexut. Almanac) 8 8 37*33 

Sidereal time ship, approximate 4 18 16*55 

Longitude 4 9 20*0 E. 

Greenwich date, July 24 8*n 56**65 

Right ascension of mean sun at mean noon 8 8 37*33 

Correction for 8“ 0 0 1*31 

„ 56* 0 0 0*15 

Right ascension of mean sun 8 8 38*79 

„ jS Corvi 12 26 53*88 

Time of star’s passing the meridian. 4 18 15*09 


SECT. VI.—OF THE MOON’S AUGMENTATION— CORRECTION OF ’ 

SEMIBIAMETER ON ACCOUNT OF REFRACTION— THE MOON’S 

MERIDIAN PASSAGE, die., &c. 

1. Of the Moon’s Augme7itation. — The moon’s semklianie- 

ter given in the Nautical Almanac is calculated as if seen 
from the earth’s centre. Moreover, on account of the com- 
paratively moderate distance of the moon from the earth, 
the moon’s semidiameter subtends an angle at tlie earth’s 
surface which sensibly varies with the altitude, being greatest 
when the moon is in the zenith, and least when in tlie horizon 
of the observer. The correction to be applied 4o the semi- 
diameter from this cause is called the augmentation. It is 
computed for every degree of altitude, and is to be found 
in all nautical tables. » 

2. ConWaction of Moon^s Semidiameter on account of 
R(fractio7i.~Th.e correction for refraction varies very ra- 
pidly near the horizon, and consequently the moon’s lower 
limb is sensibly more raised than the upper ; and the 
moon’s apparent form is that of an ellipse instead of a 
circle. Hence, in taking a lunar distance when the moon 
is near the horizon, the moon’s semidiametcr to be added to 
the observed distance, as taken from the tables, is greater 
than it ought to bej and a correction must be applied in con- 
sequence of the moon’s diameter being an oblique diameter 
of the elliptic face, and not the horizontal or greatest diame- 
ter. This correction is always subtractive, and is given in 
nautical tables. 

3. Of the Moon^s Meridian Passage. — In west longitude 
the moon crosses the meridian later with regard to the sun 
than at Greenwich, and in east longitude earlier ; because 
the moon’s distance from the sun in right ascension is con- 
stantly changing. Hence to the Greenwich meridian pas- 
sage of the moon must be applied a correction for every 
other place, depending on the longitude. All nautical 
tables contain this correction. 

The corrections to be applied to the observed altitudes 
and distances of the heavenly bodies have been now suffi- 
ciently explained, and the reader will, with a little expe- 
rience, easily understand how the several corrections are to 
be taken out of the tables. Index error, dip, and refrac- 
tion are common to all observed altitudes, and must be 
applied in the order in which they are here set down. If 
the body observed be a star, this is all that is required. 
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Finding If a planet, the parallax for the given altitude, taken from 
the Lati- the proper table, must be added. If the observed body be 
the sun, after the dip apply the sun’s semidiameter, and 
then correct for refraction and parallax. These two cor- 
rections arc frequently given together, under the name ot 
coTTCcizou vi ediituds^ which is always subtractive, becaiisc 
the refraction is always greater than the parallax. If the 
observed body be the moon, the semidianieter and horizon- 
tal parallax cannot be considered as invariable for 24 hours; 
they must therefore be corrected for the proper Green- 
wich date, as already pointed out. To the semidiametcr 
thus corrected must be added the augmentation, from the 
proper table; The rest of the process is exactly the same 
as for the sun. 


Ex, 1.— Feb. 1, 18d7, tit 2^ 40« VM , ia Lat. 63° 20' N., and 
Leng. 13° 20' F., the observcil altitude of the sun’s lower limb was 
13° 35', the index error was + 1 ' 20", and the height of the eye above 
the sea 18 foot ; to find the sun’s true altitude. 


Observed altitude * .......13° 35' 0" 

Index correction 0 1 20 

13 36 20 

Dip - 0 3 33 

13 32 47 

Sun’s apparent diameter + 0 16 1 5 

Apparent altitude * 13 49 12 

Correction in altitude ^0 3_45 

Sun’s true altitudo 13 45 17 


JSx, 2.— -August 24, 1857, In Long. 18° 20' W., the observed 
meridian altitudo of the moon’s lower limb was 54° 30' 20", the 
Index correction was -f 2' 20", and height of the eye above the sea 
20 feet ; required tho moon’s true altitude. 


August 24. 'Time at .<ihip 3^ 0‘“ 0* 

Longitude 1_J1 3 20 W . 

Greenwich date, August 24 1 13 20 


Moon’s semidlamotcr, 

Moon’s horizontal parallax, 

24th, Noon 14' W"’4 

24th, Noon 64' 34"*7 

Midnight 14 62-q_ 

Midnight 64 25-9 

0 2-4 

0 B*B 

Greenwich date, log. moon -OO iOl 

Log. moon *99101 

Prop. log. for 2"-4 3*66321 

Prop. log. for 8"8....3-08«94 

4*04722 

408295 

Port 0'3 

Part 0"0 

Ilencft moon's semi diameter ... 

— 14' S-l"-! 

Moon’s horizontal parallax ... 

*- 64 33-8 

Augmentation 


Hence semidiamoter 


Observed altitude 

51° 30' 20" 

Index correction 

+ 0 2 20 


64 T2 40 

Dip 

- 0 4 24 


64 28 16 

Semidiametcr 

0 16 6*4 

Apparent altitude 

64 13 21*4 

Correction in altitude.. 

0 30 30 


0 0 19 


True altitude 55 14 10 4 


CHAr. III.-0N FINDING THE LATITUDE. 

SECT, I.— OF FIXDIXG THE LATITUDE Bt SIKIUDIAX 
ALTITUDES. ^ 

1. a single Meridian Altitude above the Pole. 

Subtract tlie true meridian altitude (corrected from ob- 
served meridian altitude) from 90®; the result is the zenith 
distance — which mark N. or S., according as the zenith is 
north or south of the observed heavenly body ; find ako 
the declination, which must be marked N. or S. If the 
zenith distance and the declination have the same name, 
their sura will be the latitude, with the name of either. If 
they be of different names, take tbeir difference, which will 
be the latitude, with the name of the greater. 


A T I 0 N. 


The process will differ in detail, according to the nature Finding 
of the body observed. the Lati- 

(1.) If it be a fixed star, the altitude must be corrected 
only for index correction, di]), atid refraction ; and the do- 
clination is given at once by the tables. 

(2.) If it be a planet, the declination must be corrected 
by getting a Greenwich date, applying the proportional in- 
crease or decrease for this date. If great accuracy is re- 
qifired, the semidiameter and liorizontal parallax must also 
be found, and the altitude corrected for these. 

(3.) If it be the sun, the (ircenwieh date must be got, 
and the declination corrteted for this; the altitiule must be 
corrected for index, dip, semicliameter, refraction, and 
parallax. 

(4.) If it be the moon, a (Jreenwich date mtist be got. If 
it be only known that the observed altitude is a meridian 
altitude, Ihe meridian passage at Greenwich must he cor- 
rected for the longitude, and the Greenwich date obtained 
by applying the longitude in time as already shown. Th 
moon’s semidiameter, horizontal parallax, and declination, 
must be corrected for the Greenwich date, and the true 
altitude and declination thus found. When the true alti- 
tude and declination are found, the remainder of the process 
is according to the rule given above, and is the same for all. 

Ex. 1. — ^May 20, 1857, tba observed meritliari aUttude of Onstor 
was 49° 20' 30" (zenith N. of star), the index correction was - 3' 40", 
and the height of the eye above the sea was 18 feet; required the 
latitude. 


Observed altitude 

Index error..., 

Dip 

Correction for refraction 

True altitude 

Zenith distance.*.. 

From Eimtical Almanac^ declin. of Castor 
Geminorum on May 20 

Latitude.... 


40° 20' 3U" 

> 0 3 40 

49 

' 0 4 U 

49 12 39 
• 0^ 0 60 

49^1 f 49 
00 0 (} 

40 48 N. 
32 12 L7X. 


Ex. 2. — October 10, the ob«‘ervod meridian altitude of 

ee Ophiuchi was 61° 20' 30" ^ zenith. X. of the fitnr), the index cor- 
rection was —3' 20", and the height of tim eyo above tfie fea 
16 feet; required tho latitude. 


Observed altitude ..................... 


20' 

30" 

Index correction.... 


3 

20 


64 

17 

10 

wp 


. 

66 


64 

13 

U 

Correction in altitude 

- 0 

0 

42 


hr 


32 


m 

0 

0 

Zenith distance 


47 

2ri N. 

Declination of « Ophiuchi 

12 

40 

2-4 N. 

Latitude 


27 

30-4 N. 


3 . — January 6, in I^ng. 69° 30' E., the observed meridian 
eltitudeof tho sun's lower limb was 60° 20' 30" (zenith N. of tho 
sun), the index correction was -P4' 10", and the height of the eyo 
above the sea was 10 feet ; required the latitude. 


.lanuary 6, ship 0** 0»» 0* 

Longitude 

Greenwich, January 6 20 2 0 

Sun's declination, dan. 5...*. 22® 36' 43"6 8, 

„ „ 6 22 28 36-9 

Biff. V” f >7 

•07846 

l-4030fl 

1-48146 Fart 0 6 6 

True decimation, 22 29 37-0 S. 

Sun’s semidiameter.. W 18"'2 
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Observed altitude 60° 20' 30" 

Index + 0 4 10 


tion was +1' 20" and the height of the eye above the sea 20 feet ; 
required the latitude. 


60 

24 

40 

Observed altitude 

31® 

40' 

20" 

— 0 

3 

7 

Index.. 

+0 

1 

20 

60 

21 

33 


IT 

41 

"40 

. 0 

16 

18-2 

Dip 

-0 

4 

24 

60 

37 

51-2 


31 

37 

16 

-0 

0 

28 

Correction in altitude 

-0 

1 

34 

60 

37 

23-2 

True altitude 

31 

35 

42 

90 

0 

0 


90 

0 

0 

. 29 

22 

36-8 N. 


121 

35 

42 N. 

. 22 

29 

37-6 S. 

Declination n Draconis, Nov, 10 

61 

60 

9N. 

. 6 

62 

69-2 N. 

Latitude... 


45 

33 N. 


JEx. 4. — April 4, in Long. 55° 20' E., the observed meridian 
altitude of the moon’s lower limb was 58° 40' 10" (zenith S. of the 
moon), the index correction was +3' 20", and height of the eye 
above the sea was 9 feet; required the latitude. 

Moon’s meridian passage, April 4 9^ 0“*5 

„ „ 3 8 13A 

0 47-1 

Correction 0 7*0 

Meridian passage (ship) 8 63*5 = 8^ 63“ 30* 

Longitude 3 41 20 E» 

Ship, April 4 5 12 10 

Moon’s Horizontal 

Semidiaineter. Parallax. Decimation. 

Ap. 4, Noon.,15' 14"*9 Noon 65' 49"‘7 6^... 17° 25' 42"'6 N 

Mid. ..15 10*4 Mid 65 33*4 6 ...17 13 19*4 

Diff.... 0 4"5" Diff, 0 16*3 “O 12 23*2 


Sun’s declination. , 


Finding 
the Lati- 
tude. 


In the following example, the altitude is observed by means of 
an artificial horizon, 

June 8, 1867, in Long. 1° 6' \V., the observed altitude of the 
sun’s lower limb (in quicksilver horizon) was 121° 9' 4", index 
correction 1' 20" ; required the latitude. 

Ship, June 8 0^ 0“ O'* 

Longitude 0 4 24 'W". 

Greenwich, June 8 0 4 24 

Sun’s declination, June 8 22° 52' 43" N. 

„ « 9 22 67 60*8 

2*5 6630 0 0 7*8 

1-54487 

4-09117 0 0 0-9 


22 62 43-9 N. 


Semidiameter 16' 47"-3 


•36318 -36318 -69298 

3-38021 2-82124 1-16243 

3-74339 3-18442 L85541 

Part JO ^ Part 0 7-1 Part... 0 0 2*31 

Semi 15 12*9 H.P. 66 42*6 Lecln. 1^23 11*6 N 

Augmentn.. 0 12*9 
Semidiam. .. 16 25*8 

Observed altitude 58° 40' 10" 

Index 0 3 20 

, 58 43 30 

I>ip - 0 2 67 

68 40 33 

Semidiameter 0 16 25-8 

58 66 48-8 

Correction 0 27 49 

0 0 21 

59 23 58-9 

90 0 0 

30 36 1-2 S. 

Decimation 17 23 11*6 N. 

l^atitude Ts 12 49*6 S. 


2. Si/ a single Observed Altitude below the Pole, 

Rule , — Correct the altitude, and to it add 90°, and from 
this sum subtract the declination ; the remainder is the 
latitude. 


Mx. 1. — June 4, 1857, the observed meridian altitude of fl 
Chammleontis, under the S. pole, was 29° 601 40", the index 
correction was - 2' 40", and the height of the eye above the sea was 
16 feet ; required the latitude. 


Observed altitude 

Index correction 

Dip 

Correction in altitude. 
True altitude 


29° 66' 40" 
-0 2 40 
29 64 0 
-0 3 49 

29 60 11 
-0 1 41 

29 48 30 


90 0 0 


Declination of Ohamaleontis, 
Latitude 


119 48 30 S. 
78 31 30 S. 
41 17 0 S. 


.Fr. 2. Nov. 20, 1857, the observed meridian altitude of e 
Draconis under the N. pole, wag 31° 40' 20", the index correo- 
TOI^ XVL 


Observed altitude. 
Index 


Semidiameier 

Correction in altitude. 
True altitude 

Zenith distance 

Declination 

Latitude 


121° 9' 40" 

-0 1 20 

2 ) 12 ^ 

60 34 10 
0 15 47-3 
60 49 67*3 
-0 0 28 
60 49 29-3 
90 0 0 
29 10 30-7 N. 
22 62 43-9 N. 
62 3 14-6 N. 


SECT. II. — ^BY OBSERVED ALTITUDES OUT OF THE MERIDIAN* 

1. Bg Observations of the Altitude of the Pole-Star 
(a Polaris), 

The tables fbr this purpose are given in the Nautical 
AlmanaCf pp. 513 to 515. 

Rule , — From the observed altitude, corrected for the 
error of the instrument, refraction, and dip of the horizon, 
subtract 2\ 

Reduce the mean time of observation at the place to the 
corresponding sidereal time* 

With the sidereal time found, take out the ^rst correct 
tion with its proper sign. If the sign be + , the correction 
must be added to the reduced altitude; but if it be — , 
it must be subtracted; in either case the result will give 
an approximate latitude. 

With the altitude and sidereal time of observation, take 
out the second correction ; and with the day of the month 
and the same sidereal time, take out the third correction. 
These two correctionsy added to the approximate latitude^ 
will give the latitude of the place. 

JEz.— January 20, 1857, at 9** 40“ p.m. (mean time nearly), in 
Long. 30° 20' E., the observed altitude of l^laris was 31° 40' 20"r 
the index correction was —2' 20", and height of the eye above th» 
sea, 10 feet; required the latitude. 


Ship, Jan. 20 9^ 40* 0* 

Longitnde 2 1 20 E. 

Greenwich, Jan.. !20 7 33 40 
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Sidereal time at mean noon, Green'wich, 

Jan, 20 14*-42 

Acceleration for 7^ 39“ 0 1 15 


Meaa time at place... 


9 40 0 

Sidereal time 

Observed altitude 

Indes;.... 


6 40 2'9-42 

31° 40' 20° 

- 0 2 20 



31 38 0 
- 0 3 7 

Correction in altitude .. 


31 34 63 
- 0 1 34 

True altitude of Polaris. 


31 33 19' 

Feduced altitude 


- 0 2 0 

With argument 

. 6^ 40® (fint €Or.)— 0 32 13 

Approximate latitude .. 

f 30° 

1 6^ 40>« 

30 69 6 


1 ,eco«a\ Q 31 

\ cor. J 

Arguments, Jan. 20, 1867, 6*^ 40® 

(third cor,) 0 2 16 

Latitude 


31 1 6“3K. 


8 . jBy Observed Altitudes <f a Heavenly Body very near 
the Meridian, 

The sun is the body most usually observed for the purpose. 

The apparent time from noon or hour angle is supposed 
to be known ; as also the latitude by account, which is 
supposed to difFer from the true latitude only by a small 
quantity. 

Rule * — ^Add together the tabular logs, of cosines of the 
latitude by account, and of the declination of the observed 
body. To these add log. rising, if a table of log. rising 
be used 5 or, 6*801030 + log. haversine hour angle, if a table 
of haversines bo used 5 or twice the log. sine of half the 
hour angle with the same constant log., if a table of log. 
sines only be used. 

In all cases cast out the tens from the restilt, and the 
remainder is the logarithm of a natural number, which, 
added to the natural sine of the true altitude, will give the 
natural cosine of the meridian zenith distance. The de- 
clination applied to this — as already pointed out in pre- 
ceding problems — will give the latitude. The hour angle 
in this rule must be found by applying to the mean time at 
the ship the equation of time corrected for the Green- 
wich date. 

If the latitude thus found difFer much from the latitude 
by account, the work must be repeated, using the latitude 
found instead of latitude by account. 

October 11, 1857, In Long. 114® E., and Lat, by account 
46® 10' K,, tho chronometer showed 4^ 38“ 10», being alow on 
Greenwich 14“ 10*. The altitude of the sun’s lower limb was 
observed to be 86® 36' 20", the index error was —2' 20", and the 
height of the eye above the sea 16 feet ; required the latitude. 


Chronometer,.,,. 

, 4^ 38® 10» 

Equation of time. 



Error (slow) 

. 0 14 10 

October 10.... + O'- 

12® 69*81 


4 62 20 

,, 11 0 

13 

16*15 


12 0 0 

0 

0 

16*34 

Green,, Oct, 10... 

.16 62 20 

'15318 





. 2*84873 





3-00191 0 

0 

10*S 

Sun’s declination 

t 

Equa. of time.,..,. 0 

13 

10*61 

October 10,.,. 

6° 44' 0'''9 

Chron, showed .... 4 

38 

10 

„ 11,.., 

6 43*5 

Error (slow) 0 

14 

10 

^6318 

0 21 42-6 

Greenw.m. t, 12+4 

62 

20 

•91848 


Longitude 7 

36 

OE. 

1*07166 

0 14 69 ■■ 

24 

28 

20 

Decltoribn S.,,., 

6 68 6g & • 

Equation of time 0 

13 

10*61 

Semidiameter ... 

0 IG 4 ■' 

Hour angle 0 

41 

30*61 

Lat^byaect,*..,, 

40 10 0 

L cosine 

9-840469 

Declination 

6 58 t7'9 . 

L cosine 

9-996766 

Log 

0 41 30<61 

19 837226 



' • Log. rising 

3*213724 


Kat. number by table of log. rising, 1124 


Or 19-887225 

Hour angle 41® 30**61, log. haversine 7*912484 

Constant log 

Natural number, 1124 3*0007 39 

Or 19*837225 

Half-hour angle, 20® 45''*3, 2 log. sin 17*912484 

Constant log 6*301030 

Katural number, 1124 3*050739 


Observed altitude 36® 35' 20" 

Index correction — 0 jO 



36 

33 

0 

Dip 

0 

3 ^ 



36 

29 

4 

Semidiameter 


IG 

_4 


36 

45 

8 

Correction in altitude 

0 

1 

ll 


36 43 67 Katrine 697080 

_JU£4 

Mer.xen.dUt 63® 16' ll"K. Kat.corint 698204 

Declination ^0 59 O S. 

True lat 46* l¥ IIN. 


Pindinit 
the Lati- 
tude. 


4 . By two Observed Altitudes of the and the Time 
between ; kaving given also ike Latitude by Account 
(JDouwds Method)* 

Ride , — To find tlie hour angle to the 

greater meridian altitude — 1 >., the hour from apparent 
noon, at which tlie greater altitude Is observed. 

To the log. secant of the latitude by account, atld the 
log. secant of the surfs declination (the mean between 
the declinations at the first and second ob.servati<>n) ; this^ 
rejecting 120, is called the logarithm ratio. To this add the 
log. of the difierence of the natural sines of the two alti- 
tudes, and the logarithm of the half-elapsed time from the 
proper column (taken from nautical tables, which are fur- 
nished with special tables for this nurpoM 

Find this sum in the column of iuuiiiir times, and take 
out the time answering thereto ; the difference between 
this and the half-elapsed time will be the time from noon,, 
when the greater altitude was observed. 

Or from any table : — 

Find the logarithm ratio as before. 

Subtract each of the true altitutles from 90^ to get the 
true zenith distances, and take half their sum and half their 
difference ; and to the logarithm ratio add the sum of the 
log. of the sines of this semi-sum and semi-difference, and 
from this sum subtract the log. sine of the balf-ekpsed 
time; the remaiuder is the log* sine of middle time, which 
find from a table of log. sines, and the difference of the 
middle time and balf-mpsed time is tiie time from noon, 
at which the greater altitude b observed. 

We have now an observed altitude and the time from 
noon or hour angle conresfwnding ; the remainder of the 
solution is therefore the same as in the last case, except 
that the log. ratio, being the sum of the logarithms of the 
secants, may be used instead of the sum of the logarithms 
of the cosines, with the negative sign. If the latitude so 
found differs muclj from tlie latitude by account, the work 
must be repeated, using the computed latitude for the 
latitude by account. 

This rule is only approximate, and must be used under the 
following restrictions ; — 1 . The observations must he taken 
between nine in the forenoon and three in the afternoon. 
2 . If both the observations be made in the forenoon, or both 
in the afternoon, the interval must not be less than the db- 
tance of the time of observation of the greatest altitude from 
noon. 8 . If one observation be in t!ie forenoon and tlie 
other in the afternoon, the interval must not exceed 
and in all instances the nearer to noon the greater altitude h 
observed the better. 4. If tlie sm\ meridian zenirii dbtanee 
be less than tho latitude, the limitations are still more con* 
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.Finding tracted. If the latitude be double the meridian zenith dis- 
the Lati- tance, the observations must be taken between half-past nine 
tude. Jn morning and half-past two in the afternoon ; and the 
interval must not exceed The observations must be 

taken still nearer to noon if the latitude exceed the zenith 
distance in a greater proportion.^ 

As the ship is generally in motion between the two obser- 
vations, it is necessary to apply to the first altitude a correc- 
tion for its run in the interval, so as to obtain what the altitude 
would have been if observed at the same time as the second. 

If 6 be the angle between the course of the ship and the 
bearing of the sun, the correction for run is cos 6 , 

where m is the number of minutes in the angle subtended by 
the ship’s run, — i,e.^ number of miles run, — and 6 the angle 
between the bearing of the sun and the course ; and the 
sign + or — is to be used according as the ship is moving 
towards or from the heavenly body : in the former case 6 
is less than 90°, and in the latter greater. It is evident, 
from the form of the expression, that this correction may be 
found in a traverse table by looking out the difference be- 
tween the course and bearing, or what it wants of 8 points 
for a course, and the ship’s run as a distance ; the correspond- 
ing difference of latitude, multiplied by 60, will then be the 
number of seconds in the correction for run, which is to be 
added or subtracted according as the angle is less or greater 
than 8 points or 90°. Thus, the bearing of the sun was 
S.E., the run was S.S.E. 18 miles ; required the correction 
for run. Here the angle between the bearing and the 
course is 2 points, and the distance 18 miles ; on entering 
a traverse table with these, we find the true difference of 
latitude 16*6. Hence the correction for run is + 16' 12". 

jSJaj.—April 20, 1857, in Lat. 44° 20' K, Long. 35° 60' E., the 
following double altitude of the sun was observed ; — 

Mean Time, nearly. Chronometer. Obs. Alt. Sun’s LX. True Bearing. 

IQ^ 40” A.M. 81^ 30” 20* 63° 6' 46" S.E. by S. 

2 40 P.M. 0 29 40 41 0 30 S.W.byW. 

The run of the ship in the interval was S.S.E. 26 miles, the index 
correction was ~4' 40", and the height of the eye above the sea 16 
feet ; required the true latitude at the last observation. 

The angle between the true bearing at first observation and ship's 
course is 1 point; the true difference of latitude, corresponding to 
distance 25 and course 1 point in traverse table, is 24'*5. Hence 
correction for run to be applied to the greater altitude is + 24' 30". 
First observation — Second observation — 

Ship, April 19, 22^ 40” 0* Ship, April 20, 2^ 40“ 0* 
Longitude 2 23 20 E. Longitude....... 2 23 20 E. 


Greenw.,Ap.l9,20 16 40 

Greenw,,Ap.20,6 

16 40 

Sun’s Bcclin. 

Somidiam. Sun’s Declin. 

Semidiam. 

April 19 11° 15' 16"*7 

15'66"'9 ir3S'63"-8 

18' 86"-6 

„ 20 11 35 53*8 

11 66 19*6 


0 20 37-1 

0 20 16-8 


•07319 

1'93668 


•94106 

•94849 


1-01424 0 17 25 

2-88617 0 0 14-1 


True decl., 11 32 41*9 

True decl., 11 36 7'9 


11 36 7-9 



2)23 8 49-6 



11 34 24*8 mean declination. 


First obs. alt,.. 63° 6' 46" 

Second obs. alt. 41° 

0'30" 

Index - 0 4 40 

Index...,....,...— 0 

4 40 

63 1 5 

40 

66 60 

Dip -0 3 49 

Dip 0 

3 49 

62 67 16 

40 

52 1 

Semidiameter ..+0 16 66*9 

Semidiametcr .. 0 

15 66-6 

63 13 12-9 

41 

7 67-6 

Oor.inalt —0 0 38 

Cor. in alt 0 

1 0 

63 12 34-9 

True alt.... 41 

6 67-6 

Cor, for run ...+0 24 30 



True alt... 63 37 4*9 




Lat. by acet. N. 44° 20' 

0" Log. secant 

... •145520 

Mean declin. S. 11 

34 24 Log. secant 

... -008947 

Log. ratio 


... -164467 

Greater dt.. 53° 37' 4"' 

■9 Hat. sine, 80508 


Less alt 41 6 57’ 6 

„ 65758 


Diff. 


14850 Log. 

4-171726 



Log. ratio, 0*164467 

Chronometer.... 12^ 29“ 40* 



„ .... 8 30 

20 



2)3 69 

_20 

Elapsed time. 


1 69 

40 

Half elapsed time 

0-30213 

0 49 

4 

Middle time 

4*62832 

1 10 

36 

Time from noon at 

which ffreat'er 



altitude is observed. 



Log. rising 

3-67277 



Log. ratio 

-154467 

Hat. number 3298 



3-618303 

Hat. sine gr. alt.. 80608 




83806 

Hat. cos 33° 3' 48" H. mer. zen. dist. 



11 32 41 

decl. at greater 


Approx, lat. 44 36 9 

alt. 

Latitude 44° 36' 

9" Log. secant .... 

.. -147522 

Declination 11 

34 24-8 Log. secant .... 

.. -008947 

Log. ratio 


... -156469 

Dlff. nat. sine... *14850 

Dog. 

. 4171726 



Log. ratio 

. *156469 

69” 

40* 

Half-elapsed time ... 

. -30213 

0 49 

18 

Middle time 

. 4-63032 

1 10 

22 

Time from noon at 

which greater 



altitude is observed. 



Log. rising 

. 3-67196 



Log. ratio. 

. -15647 


3'61449 

Hat. number... 3269 
sine gr. alt. . . 80508 

83777 Hat. cosine... 33° 6' 40" K. mer. Mn.dlat. 

11 32 41 sun ’s deci. 

True lat., 44 38 21 K. 


Or, if a table of logarithmic sines, &c., only be used, we have — 


1st true corrected alt... 63° 37' 4"*9 

2d true alt... 

41° &6rH 

90 0 0 


90 0 0 

Zenith dirt 36 22 66-1 


48 63 2-4 

48 63 2-4 

2)85 16 67-6 

Semi-sum zenith dist. ... 42 37 58-7 

Log. sine..... 

9*830813 

2)12° 30' 7"-3 

Semi-difference 6 16 3*6 

Log. sine ... 

... 9-036963 


Log. ratio ... 

... -164467 

Half-elapsed time ...... 1^ 69“ 40* 

Log. sine 

19-022233 
... 9-697874 

0 48 44 


9*324369 

2)1 10 66 

Half-hour angle... 0 35 28 

2 log. sine .... 

... 18-376806 


Constant log.. 

.. 6*301030 


Log. ratio 

24-676836 
... -15647 

Hat, number 3314 


4-520366 

Hat. sine gr.alt... 80508 

83822 Hat. cosine 

.. 33® 2' 48" mer. zen. dist. 

Decl 

. 11 32 41 



Approx, lat. 44 35 29 

Similarly, by taking this approximate latitude, we shell get the 
true latitude, 44° 38' nearly, as before. 


Finding 
the Lati- 
tude. 



^ See Mackay^s Treatises on Ziongitutde and Nmigation, &c. ; JUquisiU TdbJeSi 34 edition } Mendoza Hioa’s TaUu ; Korio’s and Biddle'e 
Treatises on Navigationy dec. 
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J'indin^ 5. By any Ixvo Altitudes of the same or different Heavenly Sun’s declination, Sun’s declination, 

the Lati- Bodies, and the Polar Angle between them. March 24 1 ® 30' 67"'2 March 24 .* 1 ® 30' 67"‘2 

, , , . , , 25 1 54 32-9 „ 25 1 54 32*9 

In tins case the declinations oftlie heavenly body or bodies 0 23 35-7 nw 

at the two observations are supposed to be known. . ‘2050*9 *09053 ^ * 

If the same body be observed at different times, the polar -88233 *88230 

angle is the elapsed time measured sidereally, if necessary. 1*08745 Part. 0 14 43 -O^D^Part 0 18 54 

If different bodies be observed at the same time, this angle m Wrinfr Tii n ^*7 n t . * — “ 

is the difference of their right ascensions. ^ T.dec.gr.l)oanng^l 4. 407 N, Dec. Im bear. l 49 51*2 

If different bodies be observed, but not at the same time, x> az. _ w,.i„„.SrirT«rr »• t t 
to the right ascension of the first observed body, add the ' ^ ^ I .du. less. bear. 88 10 8’8 

elapsed time measured sidereally, and the difference be- Bun's semidiamoter 16' 14" 

tween this sum and the right ascension of the second ob- Sun’. altltud. at gr. baaring. Sun'. altit«.l. at lemr bmin^ 

served body is the polar angle required Ob., alt Z . 2 G» O'V Ob.. altUad. !..! 34 « 

, . I^he polar angle being given, the following rule will give Index correction +0 2 10 Index correction +0 2 10 

the latitude ^ 

(1.) n* the sun be the body observed: from the decli- Dip -0 4 11 Dip -0 4 11 

nation find the polar distance^ by subtracting it from 90°, 25 58 39 ' ' ’iT’Tlir 

if of the same name with the latitude ; and adding it, if of an Semldiametcr... 0 16 4 Semidiameter . 0 16 4 

opposite name. 26 14 43 

Add together log. sine polar distance at the greater bear- Cor. in alt. for refr. ^ 

ing, log. sine polar distance at lesser bearing, and log, haver- and parallax -0 150 Cor. Inaltitud# -0 1 18 
sine of polar angle ; reject 1 0 from the index 5 the result is 20 12 63 Tru« aUitude...'*iriii 6 

the haversine of an arc, wliich look out, and call arc ( 1 ). ^or. for run j -0 16 36 90 0 0 

(2.) If two stars be observed : find the polar distances ; True altitude...' ieiriiO Zen. dklen. bear. ^oir 

add together log. sine polar distance at greater bearing, log. 90 0 0 

sine polar distance at lesser bearing, and log. haversine of t^e Zon. di*. gr. bewr. 63 30 31 

polar angle ; the result is the haversine of an arc, which 
find from the table, and add its versed sine to the versed t> • oco, 

sine of the difference of the polar distances ; the result is the r d ,t £. i lo 8 1 L rin 

versed sine ofan arc, which is arc ( 1 ). as before. r-w T ® ^ 9 m 7 « 

difference of the polar distances, and take the 14 39 " 

difference and the sum of this quantity and of arc ( 1 ). Add — r~r-j r. 

together log, cosecants of the arc ( 1 ) and of polar distance Ei«p.«d tun. or polar «ngl., 

at greater bearing, and the halves of tlie log. haversines of h.v.r»la« fl-43925S 

the two arcs just obtained; the sum, rejecting 10 in the Arr 

index, IS the log. haversine of an arc, which take from ‘ ^ * 

tables, and call arc (2). To find arc (2). 

Again, take the difference of arc (1) and the zenith di.<- Ug. 

tance at greater bearing, and take tlic «um and difference of ^ * •00»^206 

this arc and the zenith distance at less l)earin<>' Add to- 1 

gether log. cosecants of arc ( 1 ) and of zcnitir distance at lo 8 8 

gi eater bearing, and the halves of the log. haversines of the i 4 ‘ 92 l 59 n 

arcs just found; and the result, rejecting ID in the index, l^*ffwnce 63 8 42*1 I hav»*rj<inp..., 47 isp 7 » 

is the log. haversine of an arc, which call arc ( 3 ). hog. huv 4 Tfitn«* arc 

Arc (4) is the difference between arc (2) and arc (3) ; * 1-*'" 

or the sum if the arc joining the heavenly bodies at the To 6 n 4 arc f 3 ) 

two observations passes between the zenith and the pole. Arc(I) 63® 12' 62" 

??* distance at greater bearing, Zen, diut. gr. h^v. 63 30 31 

E niffer.u«,. irww 

sine arc (4) ; the sura, rejecting 10 in the index, is the log. Z«n. ui*t. len. bear. S« 40 *S 

haversine of an arc, which call arc (5). ^ TT^.T 

Add together versed sine of the difference of the xenith DlSir-inc;".:::::;; w U * tffi-M? 

distance and polar distance at greater bearing, and the versed , v “ “■ ' 

sinc of arc (5) The resultis the versed^^ine of the co- Arc (S)..’."®' 

latitude. Find this from the tables, subtract it from 90° • ^ 

and the result is the latitude. ’ To find arc (4). 

This method of finding the latitude, which is at once the . ” 1 ®* 

most general and accurate, is due to the Rev. Dr Inman 

to whose excellent work on Navigation the reader is referred' SO si 

tor turther information respecting it. To find arc ( 6 ). 

aH.~March 26, 1867, in Lat. 64« 47' N., and W sgo F dlsf t 

the followiag double altitude of the *un was observed ^ ^ 9 aH824 

ClironoiBrter. 01 ... Alt L. I. Bearinr Difference 24 43 48-3 Log. haversine 8C9S9i16 

1 26*0' 40* 8 ,E. ■ , Dog.liav,r.inearc(5). S-OSOmI 

iPh ^ ® S.W. by s. W •-*° 9' 12 * 

IVSrttr =(mwOT 

£^.S'r.!±;;;:::TgV S.“r,: 1‘ ST. t 

U It amtwlch,M«.. 2 i,'®T 5 — 
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Finding 2. — ^fov. 30, 1857, in Lat. by account 30° N., the following 

the Tion^- altitudes of stars were taken at the same time ; required the true 
tude* latitude* 

True alt. iS Orionis. Bearing. True alt. « Hydrae. Bearing. 
^ 42° 45' 15". S.W. 39° 35' 16" 8.S.E. 

From Nautical Almanac we find — 

jS Orionis, R.A. 5^ 7« 44» Declination, S 8° 21" 57" 

90 0 0 

N.P.D.atG.B 


a Hydras, K, A. 9 20 36 
Polar angle ... 4 12 62 


98 21 

Declinations 8 2 


57 

30 


P.D. at G. B....98 
„ D.B....^ 
„ Diff. 


90 0 0 

N, P. D. at L. B 98 2 30 

L sine 9-995353 

L sine 9*995708 

0 19 17 Haversine polar angle .... 9-438871 


21 

2 


57 

30 


Haversine 9*429932 

Arc 62° 29' 58". 

Nat. ver. sine 62° 29' 58" = 0537993 

248 

Nat. ver. sine 0 19 17 =0000015 

Nat. ver. sine arc (1) 0538256 

Arc(l) 62° 30' 1" 



To find arc (2). 

Arc (1) 

, 62° 30' 1" 

Log. cosec *052069 

P.D.atG.B 

. 98 21 67 

„ *004646 

Diff. 

35 51 56 


P. D. at L. B 

98 2 30 


Sum 

133 54 26 

i haversine.... 4*963876 

Diff. 

62 10 34 

„ ... 4-712946 


Haversine arc (2) 9*733537 

Arc (2) 

94“ 45' 8". 


To find arc (3). 

True alt. at G . B 




90 0 0 

Z. D. at G.B 


True alt. at L. B 




90 0 0 

Z, D. at L. 

B 


Arc (1) 

. 62'>30' 1" 

Log. cosec *052069 

Z. D.at G. B... 

.47 14 46 

„ *134142 

Diff, 

.15 15 16 


Z. D. at L. B... 

. 50 24 45 


Sum 

. 66 40 1 

J Haversine... 4*734169 

Diff. 

.35 9 29 

„ ... 4*480037 


Haversine arc (3) 9*400407 

Arc (3) 60° 11' 18". 

To find arc (4). 

Arc 2 94° 45' 8" 

Arc 3 60 11 18 

Arc (4) 34 33 50 

To find arc (5). 

P. D. at G.B. 98° 21' 57" L sine 9 995354 

Z. D. at G.B. 47 14 45 „ 9*865858 

Diff. 61 7 12 Haversine arc (4),. 8*945729 

Log. haversine arc (6) 8-80^4 f 

Arc (5) 29° 20' 4". 

Nat. ver. sine 51° T 12"=0372263 

45 

„ 29 20 4 = 0128226 

Nat. ver. sine, colatitude 0500634 

Colat 60° 2' 7" 

90 0 0 

Lat. N 29 67 63 


together with the altitude of each. The planets used in Finding 
the Nautical Almanac for this purpose are the following : — the Longl^ 
Venus, Mars, Jupiter, and Saturn. The stars are, a Arietis, 
Aldebaran^ Pollux^ Regulus, Spica Virginis^ Antares^ 
a AquilcB, Fomalhaut, and a Pegasi ; and the distances of 
the moon’s centre from the sun, and from one or more of 
these planets and stars, are contained in the xiii. to xviii. 
pages of the month, at the beginning of every third hour 
mean time by the meridian of Greenwich. The distance 
between the moon and one of these objects is observed with 
a sextant ; and the altitudes of the objects are taken as 
usual with a sextant or a Hadley’s quadrant. 

In the practice of this method it will be found conve- 
nient to be provided with three assistants. Two of these 
are to take the altitudes of the sun and moon, or moon and 
star, at the same time that the principal observer is taking 
the distance between the objects ; and the third assistant is 
to observe the time, and write down the observations. In 
order to obtain accuracy, it will be necessary to observe 
several distances, and the corresponding altitudes, the in- 
tervals of time between them being as short as possible ; 
and the sum of each divided by the number will give the 
mean distance and mean altitudes ; from wdrich the time of 
observation at Greenwich is to be computed by the rules to 
be explained. 

If the sun or star from which the moon’s distance is ob- 
served, be at a proper distance from the meridian, the time 
at the ship may be inferred from the altitude observed at 
the same time with the distance. In this case the chrono- 
meter is not necessary ; but if that object be near the me- 
ridian, the chronometer is absolutely necessary, in order to 
connect the observations for ascertaining the mean time at 
the ship and at Greenwich with each other. 

An observer without any assistants may very easily take 
all the observations, by first taking the altitudes of the ob- 
jects, then the distance, and again their altitudes, and re- 
duce the altitudes to the time of observation of the dis- 
tance ; or, by a single observation of the distance, the time 
being known from which the altitudes of the bodies may be 
computed, the longitude may be determined. 

A set of observations of the distance between the moon 
and a star or planet, and their altitudes, may be taken with 
accuracy during the time of the evening or morning twi- 
light ; and the observer, though not much acquainted wdth 
the stars, will not find it difficult to distinguish the star 
from which the moon’s distance is to be observed. For 
the time of observation nearly, and the ship’s longitude by 
account being known, the estimated time at Greenwich may 
be found ; and by entering the Nautical Almanac 
reduced time, the distance between the moon and given 
star will be found nearly. Now set tlie index of the sex- 
tant to this distance, and hold the plane of the instrument 
so as to be nearly at right angles to the line joining the 
moon’s cusps, direct the sight to the moon, and, by giving 
the sextant a slow vibratory motion, the axis of which being 
that of vision, the star, which is usually one of the bright- 
est in that part of the heavens, will be seen in the transpa- 
rent part of the horizon-glass. 


SECT. ir. — TO FIND MEAN TIME BY A SINGLE OBSERTATION 
OP THE SUN OR MOON, OR OTHER HEAVENLY BODY. 


Chap. IV.-ON FINDING THE LONGITUDE BY 
OBSERVATION. 

SECT. X. — INTRODUCTION. 

The observations necessary to determine the longitude 
by this method are the altitudes of the sun or other heavenly 
body, or the distance between tlie sun and moon, the moon 
and a planet, or the moon and a fixed star near the ecliptic, 


Prob. 1.— Given the latitude of a place, the altitude, and 
declination of the sun, to find the true time and the error of 
the chronometer. 

Rule . — If the latitude and declination are of difierent 
signs, take their sum; otherwise take their difference. 
From tile natural cosine of this sum or difference, take the 
natural sine of the altitude (corrected) ; find the logarithm 
of the remainder, and to it add the log. secants of tlie lati- 
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Finding tu'de and declination ; the sum will be the log* rising of the 
the Longi- Jjorary distance of the sun from the meridian, and hence 
tude. apparent time will be known ; by applying to it the 
equation of time, the mean time may be found, and the 
error of the chronometer. 

Or, if a table of log. haversines be used, take the differ- 
ence or sum of the latitude and declination as before. Un- 
der this difference place the zenith distance of the sun, 
and take their sum and difference. 

Take the sum of half of the log. haversines of these 
quantities and of the log. secants of the latitude and de- 
clination ; the result, rejecting the tens, is the log. haver- 
sine of the hour angle. 

Or, if a table of sines only be used, add together one- 
half of the log. sines of half the arcs above found, of the 
log. secants of latitude and declination ; the result is the 
log. sine of one-half the hour angle. 

Ux . — March 26, 1867, at 30*“ P.M. nearly, in Lat. 63® N.,aiid 
Long. 36® 20' W., when a chronometer showed 6** 46“* 20<, the ob- 
served altitude of the sun’s lower limb was 23® 12' 10", and the index 
correction was —4' 20", and the height of the eye above the sea 20 
feet ; required the true time, and error of chronometer. 

Ship, March 26 30« Os 

Longitude 2 21 20 


Greenwich, March 26 5 61 20 

Sun’s declination, 

March 26 1® 64' 32"‘9 IST. 

„ 26 2 18 6 


Sun’s semidiam... 16' 3"'7 
Equation of time +6“ 3»‘20 


Diff. 0 23 33-1 

Biff, for I'* 

.. 0*767 
6 

•61334 


3-836 

•88328 

Biff, for SO® is J . 

-383 

1-49662 0 6 44 

„ 20 is J- . 

*266 

Sun’s dec.... 2 0 16*9 

„ 1 is*, 

*013 


„ 20>is4 . 



Equation, 6*“ 58**703 

=a 4^51 

Sun’s obs. altitude... 

23® 12' 10" 

Index correction 


20 


23 7 

60 

Dip 


24 


23 3 

26 

Semidiametor 


3*7 


23 19 

29*7 

Correction in altitude 0 2 

13 

True altitude 


'1(T-7 


90 0 

0 


Lat. H 

... 63® 

DecUn. N 

... 2 

Biff 

... 60 i 

Nat. cosine,.., 



0 " 

16*9 


42 43*3 

Log. sec,, *220637 

„ *00026$ 


43*1 


Nat. sin. 23° 17' 16", 0395349 


liog 4*369272 


023403X 

Log. rising, ~4-690075 

Hour angle 3** 29*“ 24" 

Equation of time -f 0 6 69 

Ship’s mean time ITSS 2$ 

Longitude 2 21 20 

Greenwich mean time 6 5$ 43 

Chronometer showed 6 46 20 


0 10 23 

Or error of chronometer is 10» 23“ alow on Greenwich. 
Or— 

53“ 0' O'/JT. Log.«ec. *220537 

UediMtlon.... 2 0 16-9N. Log. sea *000286 


Zenith dist, 
Sum. 


60 69 
66 42 


43*1 

43-2 


,..117 42 
Hiff. 16 43 


26*3 } haversine.. . . 4*932397 
0*1 „ 4*136346 

■ Log. haversine hour angle 15*239046 

Hour angle S'* 29» 24», as before. 

By taking another observation at the interval of a few 
days, the daily rate of the chronometer may be found* 


Prob. 2. — Given the latitude of a place, and the altitude Finding 
of a known fixed star, to find the mean time of observation the Lon^. 
and error of chronometer. tude. 

The right ascension of the mean sun or sidereal time 
must be corrected for the Greenwicli date of observation. 

The star’s hour angle must then be found as in the last 
problem. To the hour angle thus found add tlm star’s 
right ascension, and from the sum (increased, if necessary, 
by twenty-four hours) subtract the right ascension of the 
mean sun ; the remainder is the mean time at the place at 
the instant of observation. 

JEW.— January 16, 1867, at S'* p.m. ( mean time, nearly), In Lat 
49® 67' and Long, 32® 10' W., when a chronometer showed 
lO'* 23“* 30*, the observed altltudo of Hegulus K. of meridian was 
8® 20' 30", tho index correction was -6' 20", and the height of the 
eye above the sea, 20 feet j required the mean time, and error of 
chronometer on Greenwich mean time. 

Ship, Jan. 16 S'* 0« 0« 

Longitude 2 _ 8_40 IV, 

Greenwich, Jan 16. 40 

Observed altitude ft® 20' 30" 

Index correction 0 6 20 

s iz m 

Dip * - 0 4 24 

s 10 m 

Refraction 

True altitude S 4 19 

90 0 0 

True xenlth distance < H 

Star's right ascension 10^ 0*» 40* 

Star a declination 12® 39' 60" 

Right ascension of mean sun.......... 19^ 43“*28« 

Correction for lO'* 0 % 

8* 0 0 L3 

„ 40» 0 0 01 

True right ascension of mean i ur», ii> **> * 

Latitude 49® 37' Log. sec *1(88493 

BeeJination.,.. H. liOg. sec. *01069$ 

Biff. lid 67 10 


Zenith (list 81 66 41 

Sum TuTSFlii 

Half 69 26 26 6 

Bifference 44 6« 31 

Half. 22 29 16 


Lng. tin 9 936064 

Log, sin 9 6H20n 


Log. fin... 9*660427 

Hence half hour angle 3^ 4*** 49* 


Star's hoar angle.. 

„ right aacentlcm . 


2 

24_0 0 

. 17 .Vj TJ 
.10 0 46 


Sun’s right ascension.. 19 46 g 

Ship’s mean time.. ^ 

Longitude...... g 40 

Greenwich mean time.,., i- ... 

Chronometer.... .,...10 23 30 

Error (fast on Greenwich).,. ... . H 60 


SECT. HI.— TO FIND THE LOKOITTOE BT MEAKS Of A CIIBO- 
NOMETER. 

In order to find the longitude at sea by means of a chro- 
nometer, its daily rate in soisur or sidereal time must 
be established by observations made at some fiailtctslar 
place, and its error ascertained for the meridian of that or 
of any other known place- 

An observatory* is the most proper and convenient place 
for this purpose, as there the rate and error may be tmth 
determined with the utmost accuracy by eijiial altititck% or 
transits over the meridian of the sun or But if m 

observatory* is not mijaceni, the rate and error of the chro- 
nometer may be found by altitudes taken daily for several 
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Finding days from the horizon of the sea, or by the method of re- 
the Longi- flection from an artificial horizon, 
tude, jf these observations the daily rate is found to be 
nearly the same, — that is, if the chronometer gains or loses 
nearly the same portion of absolute time daily, — it maybe 
depended on for finding the longitude ; but if its rate is 
unequal, it must be rejected, as the longitude inferred from 
it cannot be expected to be accurate. 

It would be proper to have two chronometers, and that 
they should be wound up at different stated times of the day, 
so that if one should be found stopt, either through neglect 
in winding up or otherwise, it may be set by the other, 
observing to apply the former interval of time between them, 
and the change in their rates of going in that interval. 

Pkob. — T o find the longitude of a ship at sea by a chro- 
nometer. 

Let several altitudes of the sun or a fixed star or planet be 
observed, and find the true mean altitude ; with which, and 
the ship’s latitude, and declination of observed body, com- 
pute the mean time of observation as in sect. ii. 

To the mean of the times of observation, as shown by 
the chronometer, apply the error and accumulated rate. 
Hence the mean time under the meridian of the place 
where the error and rate were established will be known ; 
to which apply the difference of longitude in time between 
that place and Greenwich, and the mean time of observa- 
tion under the meridian of Greenwich will be obtained. 
The difference between the time at the place of observa- 
tion and that at Greenwich will be the longitude of the ship 
in time ; and it is east or west according as the time is later 
or earlier than the Greenwich time. 


U/c. 1. — May 30, 1857, at 3^ P.M. (mean time nearly), in Lat. 30® 
20' S., and Long, by account 155® 10' E., when a chronometer 
showed 4*^ 40« 60*, the observed altitude of the sun's L.L. was 
22® 10', tho index correction was —7' 10", and the height of the eye 
above the sea was 20 feet; required the longitude. 

On May 20 tho chronometer was fast on Greenwich mean time 
4m 50*, and its daily rate was 2** 6 losing. 


Ship, May 30 



.... 3^ 0“ 0* 

Longitude 



.... 30 20 40 : 

Greenwich, May 29 



16 39 30 

Chronometer daily rate 



. 2**6 losing 

9 

22*5 ' 

12>> is } 



1*2 

4^ is ^ 



•4 

30“ is i 



•06 

9“ 36* is ^ nearly... 

-0166 

Accunmlatod rate. . 



,.24-1666 

Chronometer showed 

411 40ta 50* 


4 

41 

14-166 

Original error (fast) 

0 

4 

50 


4 

36 

24-17 


12 

0 

0 

Greenwich mean time 

16 

36 

24-17 


Sun’s declination, 
May 29, N..,. 
30 


Equation of time, suhtractive — 
21® 39' 43"*9 3» 1»'73 

21 48 46*1 2 64‘19 

0 9 2-2 0 7-64 


0- 16967 

1- 26383 

1'41350 0 6 57 

Sun’s decl. at ohs. 21 46 40*9 


0*16967 

3-16836 

3-31803 0 S-2 

Equation of time, 2 56*63 


Sun’s semidiameter, 16' 48"*6. 


Observed altitude 22® 10' 0" 

Index correction 0 7 10— 

22 2 60 

Dip 0 4 24 

21 68 26"“ 

Semidiameter 0 15 48*6 

22 14 1^6 

Correction in altitude........ .....I... .. 0 2 14— 

22 12 0^6 


Latitude... 30® 20' 0" S. Log. secant... 

Declin 21 45 18*2 N. 

52 5 18*2 

Nat. cosine 52 6 18*2 = 61434*7 

Nat. sine... 22 12 0*5 = 37784-1 

23650*6 Log 
Log. rising 

. 3^ 3* 

.,0 2 66 

2 67 7 

24 0 0 

26 57 7 

16 36 24*17 
10 20 42-83 

Longitude 155® 10' 42"*45 E. 


Hour angle 

Equation of time. 

Ship’s mean time. 

Chronometer. 


•063938 

*029140 


4-373831 

4-466909 


Finding 
the Longi- 
tude. 



Eic. 2. — August 20, 1857, at 0^ SO® a.m. (mean time nearly), in 
Lat. 50® 20' N., and Long. 142® 15' E., when a chronometer showed 
ga 41“ 13*, the observed altitude of «c Aquilas, west of meridian, 
was 36® 69' 60", the index correction was + 6' 20", and height of the 
eye above the sea 20 feet j required the longitude. 

On August 4, at noon, the chronometer was slow on Greenwich 
mean time 17“ 60*, and its daily rate was 4»-5 losing. 


Ship, August 19 12^» 30“ 0* 

Longitude 9 29 0 E. 

Greenwich August 19 3 I 0~ 


Interval Daily rate 4-6 


_ 16 ^ 

226 

45 

67*6 ' 

3^ is i *6 

Accumulated rate 1 8 

Chronometer showed 2 41 13 

2 42 21 

Original error 0 17 50 

Greenwich moan time............ 3 0 11 


Observed altitude 36® 59' 50 

Index 0 6 20+ 

37 6 10 

Dip 0 4 24- 

37 1 46 

Refraction 0 1 17— 

True altitude 37 0 29 

90 0 0 

True zenith distance 62 59 31 


Right ascension of mean sun (sidereal time) — 

Aug. 19 9i* 61“ 7**80 

Part for 3^ 0 0 29*57 

11» 0 0 0*03 

9 51 37*4 

Star’s right ascension 19^^ 43“ 61**33 

Star’s declination 3® 29' 43" N, 


Latitude 60® 20' 0" N. 

Declination... 8 29 43 N. 

41 50 17 
Zenith dist... 52 59 31 

Sum 94 49 48 

Half 47 24 64 

Difference.... 11 9 14 

Half 6 34 37 


Log. secant... *194962 
Log. secant... *004791 

Log. sine 9*867039 

Log. sine...... 8*987694 


Log, sine half-hour angle. 
Half-hour angle, 

Hour angle 

Star’s right ascension 

Right ascension of mean sun 

Ship, mean time 

Greenwich - 


2)19*064386 

9*627193 


111 18«41**6 
2 


2 

37 

23-2 

19 

43 

51-33 

22 

21 

14*63 

9’ 

51 

37*4 

12 

29 

37-i8 

3 

0 

11 

9 

29 

26«IS 


Longitude 148“ 21' SI'S. 
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J'inding SECT. IV. — TO FIND THE LONGITUDE BY MEANS OF A LUNAR 
the Ijotigi- DISTANCE. 

^ 7 PitOB. 1. — Given the apparent distance between the 

moon and sun, or a fixed star or planet, and the apparent 
and true altitudes of these bodies, to find the true distance, 
or, as it is called, to clear the distance. 

Buie 1. (Borda’s method). — Add together the logarithmic 
cosines of the true altitudes, the logarithmic secants of the 
apparent altitudes, the logarithmic cosines of one-half the 
sum of the apparent altitudes and apparent distance, and of 
this last arc, less the apparent distance. From one-half of 
this sum subtract the logarithmic cosine of one-half of the true 
altitudes ; the result, rejecting 10 in the index, is the logar- 
ithmic sine of an arc. Find the logarithmic cosine of this arc, 
and add to it the logarithmic cosines of one-half of the true 
altitudes ; the result, rejecting 10 in the index, is the logar- 
ithmic sine of one-half of the true distance required. Or, — 
Buie 2. — Find the auxiliary angle A (which is given in 
the nautical tables of Inman, I^orie, Riddle, and others). 

Take the versed sine of the difference of the true alti- 
tudes. To it add the versed sines of the sum and differ- 
ence of the auxiliary angle A and the apparent distance ; 
under the difference of the apparent altitudes place the 
auxiliary angle A, and take their sum and difference ; add 
together the versed sines of these two arcs, and subtract 
from the former quantity ; the result is the versed sine of 
the true distance. 


Bx . — Required the true distance of the moon from the sun, hav- 
ing given — 

App. alt. flun ... 34® 2V 32" True alt, sun ... 34® 20' 14" 

App. alt. moon.. 67 11 25 True alt. moon.. 67 40 11 

App. distance of centres 35® 47' 24" 


By RuU 1-— 


True alt. moon 

... 67“ 40' 11" 

L cos 

9*728227 

True alt. sun ... 

... 34 20 14 

L cos......... 

9*916839 

App. alt. moon 

... 67 11 25 

L sec 

*266131 

„ sun .. 

... 34 21 32 

L sec.. ....... 


91 32 57 
App. distance ... 35 47 24 

2)127 20 21 

63 40 10 

L cos 



35 47 24 

27 Hi 46 

L cot 



2)39*587758 


19*793879 

Sum of true alt.... 92® 0' 25" 



iJ 

L sin 9-952133 

Arc 

. 63® 35' 10* 

■ li cos 63® 3.5' 10" 


L cos 46 0 12 


L sin half true dlst. 



Half true distance,.. 17® 59' 37" 
2 

True distance... 35 69 14 


Jluta 2. — Auxiliary angle A (taken from the tables) beinir 
60® 25' 16" o \ 


Moon’s true alt.. 

. 67® 40' 11" 



Sun s true alt. .. 

. 34 20 14 



Diff. 

. 23 19 67 

Vers 

0081777 

A 

. 60 25 16 



App. distance.... 

. 35 47 24 



Sum 

. 96 12 40 

Vers . 

iinmoo 

Diff. 

. 24 37 62 


nncwvaoA 

App. alt. sun 

. 34 21 32 


1280969 

„ moOn., 

. 67 11 25 



Biff. 

. 22 49 53 



A 

. 60 25 16 



Sum 

. 88 16 9 

Vers. 0882506 ) 


Diff. 

. 37 85 23 

Vers. 0207601 J 

[ 1090107 

True dist. 36® 59' 18". 

Hat. rer>. ... 

0190862 


Prob. 2. — To find the longitude by a lunar observation. Findlne 
Get a Greenwich date, and to this date take out the moon's the LouL 
horizontal parallax and semidiameter. Increase the 
semidiameter for tlie aiigumentation corresponding to the 
moon's altitude. 

Find the apparent and true altitudes of the centre of the 
moon and of tiie sun or star which is observed, and the 
apparent central distance. From these elements compute 
the true distance as in the last problem, and find the mean 
time at Greenwich corresponding to it, as shown in chap, ii., 
sect, iv., p. 38. 

If the sun or star be not too near the meridian at the 
time of observation, compute the mean time at the ship 
from its altitude; if it be too near, compute the mean time 
from the moon's altitude. The difference between the 
mean times of observation at the ship and Greernvich will 
be the longitude of the ship in time, whicli is E. or W* 
according as the time at the ship is later or earlier than the 
Greenwich mean time. 


JSx, 1.— January 3, 1857, at 2*» 30« in bat. 40® 20' 
and Long. 15® 40' B,, the following lunar was taken 


Obs. alt. 
StmN L. L. 


24“ 40' 10" 
Index error... 4-0 1 20 


alt 

Mcm«*x L. 

21® 36' 40" 
-0 1 10 


Ob«. diMt. X. U 

90® 2S' 10" 

0 1 20 


Height of eye above the ica, 18 feet j required the longitude. 


Ship, Jan, $ 3a« 0* 


1/oogitude.. 

Oreenwicb, Jan. 3.. 
San’a deellnation. 
Jan. 3, S. 22® 48' 38"*6 
„ 4, S. 22 42 
1*21885 
1*46065 


0 a 


24*6 

“u“ 


2*67940 


0 0 22*6 
22 48 liT* 


2 40 K. 
27 2u 


1*21885 
Htirm 
3*8 16U 


Sen}i4jam«»tar, 
10' 18"*:; 

£(}»atlon ef 

4-4«64»03 
5 _21*^ 
' 0 27^35 


Moon’s semi., 3, noon 16' 9"*2 
„ mid. 16 10*7 


Moon hor. par. 59' 
59 


•91782 

3*85733 

“477515 


Son’. Alt. 

Ob*, alt. 24® 40' 10* 
lad. cor. 4-0 1 20 
24'ir®5' 

Dip...... 4 U- 

24 37 19 
Semi,.... 0 16 18 

24 53 37 

Cor.inaU.0 157- 


0 1*5 


^0 

TiT 

Aug. 0 


0*1 

?3 

6 


*91782 

3*30915 

4*22hbf 


_1*7 

6ffS 

m 

^6*3 


0 

59’ 


07 


True alt. 24 51 40 
90 0 0 


16 15*3 

Alt 

21® 36' 40" 

- 0 I 10 
21 35“30 

- 0 4 U 

2 T 3 T 19 

0 16 15 
21 47 ” 34 
4 O 62 23 

8 

Tr. alt 22 40 6 


Sun's lemi.. 
Moon's semi, 
App. dis,. 


Lnrar ni». 
90** 28' 10" 
0 I 20 

9o“^5ii 30 
. 0 16 18 

lOJ^ 
2 0 


. 0 

if 


65 8 20 true senith distance, 

Aux. angle A 60® IF 46" 

0 0 2 
^0 0 
6 b Ills 


To find ship's mean time. 


Sun's dec!..,.,.... 

.... 22®48'16"a4 Sec,., 


Latitude 

.... 49 20 ON, Sec... 

0186981 


72 8 16 


Sun’s sen. dist... 

...65 8 20 


Sum 

...m 16 36 


Half 

... 68 38 18 Sin ... 

9*909088 

Diff. 

... 6 59 56 


Half 

... 3 29 58 Sin . 

8*T8&604 


••V ^ •will# 

2-briifuu:.ni 



9-48auU 
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Finding 
the Longi- 
tude. 


Half-hour angle 


11« 39«'6 
2 


Hour angle 2 23 19 

Equation of time 0_ 4 63*7 -i- 


Ship mean time 2 28 12*7 

To find Greenwich mean time. 


Sun’s true alt 

24® 

61' 

40" 

Moon’s true alt. ... 


40 

5 

Diff. 

2 

11 

35 

Apparent dist 

91 

2 

3 

Auxiliary angle .... 

60 

11 

48 

Sum 

...,151 

13 

51 

Difference 

30 

50 

16 

Sun’s appar. alt 

24 

63 

37 

Moon’s do 

21 

47 

34 

Difference 


6 

3 

Auxiliary angle 

60 

11 

i§ 

Sum 

63 

17 

61 

Difference 

67 

6 

45 


Vers. ..0660421 
220 

Vers. ..0466581 
183 


1007405 


(1.) True distance 90° 38' 44" 


1011269 

054 


1 .) 

(2.) Distance at noon 89 62 28 

(3.) Distance at 3 P.M 91 30 14 

Diff, (1.) and (2.), 0° 46' 16" Prop, log -69000 

„ (2.) and (3.), 1 37 46 „ -26508 


216 


Interval li» 25® 11* *32492 

Greenwich mean time 1 26 11 

Ship mean time 2 28 13 

Longitude 13 2 

Or 15° 46' 30" E. 

JSx. 2.— -February 28, 1857, at 7*^ 40' p.m., in Lat. 66°, and 
Long. 67° 20' W., the following star lunar was taken ; — 


Obs. Alt. Pollux 
E. ofMer. 

60° 10' 0" 
Index error —0 2 10 


01)8. Alt. Moon 
Lower Limb. 

46° 10' 0" 
+ 0 120 


Obs. Further 
Limb. 

70° 40' 20" 
-0 3 10 


Auxiliary angle A 60° 23' 38" 

21 

^ 

60 23 69 

To find ship’s mean time. 

Star’s dec 28° 22' ION. Sec 0*055565 

Latitude 65 0 ON. Sec 0-241409 



Diff .... 



.0000726 

Star’s zen, dis. 29 57 8 


6 

Sum.. 

66 34 68 

HalfhaTers... 4'675736 


Diff. 

3 19 18 

Half havers... 3*462142 

,.1876447 

120 



Hav. hour angle 8*434852 

,.0141338 


Hour angle (E. M.) 

22^ 44™ 1* 

37 


Star’s R. A 

7 36 35 

2018674 



30 20 36 



R. A. mean sun 

22 34 63 


Ship mean time.. 


7 45 43 


To find Greenwich mean time. 

Star’s true altitude 60° 2' 62" 

Moon’s „ 47 3 49-6 

Diff. 


Diff . 


Moon’s 


. 12 59 2-4 

. 70 20 37 
, 60 23 69 

Vers 

0026564 

2 

.130 44 36 

Vers 

1652539 

133 

, 9 56 88 

Vers 

0014991 

30 

,60 3 26 


1693259 


46 23 28-6 


13 39 57-4 

A 60 23 69 

Sum 74 3 66*4 

Diff. 46 44 1*6 


Vers. 0725202 
261 

Vers. 0314605 
7 


- 1040075 

Vers, true distance 0663184 
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Variation 
of the 
Compass, 


The height of the eye above the sea was 20 feet ; required the 
longitude. 


Ship, Feb. 28 7^ 40™ 0* 

Longitude 3 49 20 W. 

Greenwich, Feb. 28 11 29 20 


Right ascension of mean sun, 

Feb. 28 22^ 33™ 0«-09 Star’s R. A. ... 7^ 36™ 

Part for 11^ ... 0 1 48*42 Declination..,, 28 22 ION. 

„ 29™... 0 0 4*76 

„ 20“ .. . 0 0 -05 

22 34 63-32 


True distance 69° 42' 13" 

Distance at 9^ 71 16 1 

„ midnight 69 27 42 

First diff. 1° 33' 48" Prop, log -28307 

Second,., 1 48 19 Prop.log *22058 

•06149 

Time from 9*^ 2^ 36™ 14» 

9 0 0 

Greenwich mean time 11 36 14 

Ship mean time 7 45 43 

3 50 31 


Moon’s semi. 28, noon... 16' 23"*2 
„ mid... 16 20*0 

0 3*2 

*01911 

8*52827 

3*64738 Part 0 3*1 
16 20*1 
Aug. 0 12*6 
“16 32*6 


Hor. par. noon. . . 59' 69"*8 
j, mid,,, 69 48*3 

ol.l*6 

•01911 

2*97273 

2-99184 Par t 0 11*0 
69 48-8 


Star*s Altitude. 

Obs. alt. 60° 10' 0" 


Inx. cor. — O 

2 

10 

60 

7 

50 

Dip ... — 0 

4 

24 

App. alt. 60 

3 

26 

Refr. ...—0 

0 

U 

True alt, 60 

2 

62 

90 

0 

0 


T.Z.di8.29 67 8 


Moon’s Altitude. Apparent Distance. 

Obs. alt. 46° 10' 0" Obs 70° 40' 20" 

* f 0 1 20 - 0 3 10 

46 11 20 70 37 10 

-0 4 24 Semi —0 16 32-6 

46 6 66 App. dis..70 20 37*4 

Semi. ... 0 16 32*6 

App. alt 46 23 28*6 
Cor. alt. 0 39 48 
33 


YOU XVI,, 


Longitude... 67° 37' 45" W. 


Chap. V.— OP THE YARlATlOl:^ OF THE COMPASS. 

The variation of the compass b the deviation of the points* 
of the mariner^s compass from the corresponding points of 
the horizon, and is denominated east or west variation, ac- 
cording as the north point of the compass is to the east or 
west of the true north point of the horizon. 

(A particular account of the variation, and of the several 
instruments used for determining it from observation, may 
be seen under the article Magnetism, where the method* 
of communicating magnetism to compass-needles is alsO’ 
fully described. 

Besides the variation, there is also the deviation of the* 
compass arising from the local attraction of the iron on 
board ship, of which we have already given an account im 
the former part of this article. This deviation is always 
taken into account in ships of the Royal Navy, but not 


True alt. 47 3 49-6 



50 


NAVIGATION. 


Variation always in ships belonging to the mercantile navy. In the 
of the latter case the variation is the whole dilForencc between 
the observed bearing of the sun and the compass bearing ; 
in the former, allowance must be made for deviation. \Ve 
shall take deviation into account, as it is easy to omit it 
when it is not required. 

To correct the variation for deviation, it will be suflScient 
to place under the variation, when determined by observa- 
tion with its proper name, the deviation with a name oppo- 
site to its true name. Add these when the names are alike, 
and subtract the less from the greater if the names arc dif- 
ferent; and the remainder, with the name of the greater, is 
the true variation. 

PnOB. 1. — Given the latitude of a place, and the sun's 
declination, and the sun’s magnetic amplitude, to find the de- 
viation. '[Oh , — Tlie amplitude is the distance from the east 
point at which it rises, or from the west point at which it 
sets.] 

Buie , — To the log. secant of latitude add log. sine of sun’s 
declination ; the sum, rejecting 10 from the index, will be 
the log. sine amplitude, which is east if the body is rising, 
and west if it be setting. The variation is the difference 
between the true and magnetic amplitudes if these be of the 
same name, and their sum if of diiferent names. Also the 
variation is east if the true bearing is to the right of the 
compass bearing, west if the true bearing is to the left of 
the compass. 

May 18, ISST", about 5^ 25« a.m., in Lat. 6' N., 
Long, 143® W., the sun rose by compass 6® 40' S., the ship’s 
head being B, ; required the variation. 


Ship, May 17 17»» 0» 

Longitude 9 32 0 W". 

24 0 0 

Greenwich, May 18............. "2 07 0 


ing haversines is used, to the log. secants as before add the Thermo 
log. sines of half the arcs obtained as beibre ; one-half of the i ^ 
result is tlie log. sine of Iialf the true hearing. Double the 
arc taken out of the table is the true hearing. 

Mark tlie true hearing N. or S., according as the latitude 
i.s N. or S., and E. or \V., according as the tdhserved body is 
E. or W. of the meridian. The variation then can be 
found as before* 


May *1, 1857, about 10» 0* timo, in Lat. 

51® 10' K., irfong. 140® \V., th<‘ sun boro by atmpasij B. 05® 25' 
B., and the observed altitude of the sutfa bmer limb at tha sama 
time was 2B® 30' 10'', the index rorrrrtion was 4- V 20', and the 
height of the eye above the sea 13 feet, the ship’s head being N. W. j 
required the variation of the compass. 


Ship, May 4 20** 10*» ()• 

Longitude 9 29 0 

Greenwich, May 6 ^ 


Sun’s semidiameter o® LV 53’ 


Sun’s dedination. May 5. 
„ ,, 6. 
0’63983 
1*02696 

TMm 


S.VJ) 

Sun’s altitude— 

Obs. altitude 

Index correction 

Lip 

Semidiametor 


UP 19' 13 '*2 N. 
16 30 H 
“O 16 55' 

0 3 63 
Id 23 (i 
0r» 0 a 
rn :i, 

iV 3(r 10'' 

•f 0 I 20 
Jl 30 
.... (t 3 40 
2H 27 4t 
0 ir» 63 


24 43 31 

Correction in altitude - 0 1 3H 

True altitude 2ti ' 4 1 50 


Sun’s declin., 18,.. 10® 3G' 18"*0 K. 

„ 19... 10 40 36*1 

0*91039 0'""12'68*1^ 

1*14244 0 0 0 

2*05283' y t 3^ 

19 a7''44 Sin 9*526303 

Latitude 51 5 ON, See 0*201909 

Sin amplitude. ^28215 

True bearing B.32® 20' 

Compass 6 40 0 S. 

ST O'^O 

Leviation g 50 0 'tV. 

Variation W^ioliW, 


LatituiU. 

.61^ 

' W 

fp 




AUitud«5 

.m 

41 

nti 

B***?,., 

. . 


LifT. 

22 

2H 

4 




Polar 

73 

36 

54 




Bum 

."96 

. - '' 

OH 

Half havi*r4.,. 

4'k7t:ir*o 

Lift. 

,51 

H 

50 

Half 

4 *rJ5M0 







9 7t*0l0i 

Trttft bc^arinff , . 




X. 

08“ .17 ‘ 

’ 22 f 

Magnatic bearing. . 



.,X. 

lU 35 

U K. 







34 

Laviation....... 





4 fiO 

OH* 

Variation 





p.* 

: v4 I.. 


It may be remarked, that the sun’s amplitude ought to be 
observed at the instant the altitude of its lower limb is equal 
to the sum of fifteen minutes and the dip of the horizon* 
Thus, if an observer be elevated 18 feet above the level of 
the sea, the amplitude should be taken at the instant the 
altitude of the sun’s lower limb is 19' 11^ 

Prob.^ 2.*— Given the magnetic azimuth, the altitude 
and declination of the sun, together with the latitude of the 
pla^ of observation, to find the variation of the compass. 

Buk.— Find the polar distance by adding 90® to the de- 
clination if the altitude and declination have unlike names, 
and subtracting the declination from 90® if they have the 
same name. 

Take the difference of the latitude and altitude, and ob- 
tMu the sura and difference of this quantity and the polar 

1 0 the log. secants of the altitude and declination add the 
tiaives of *e log. haversines of the lost two arcs ; the result, 
rejecting 10 in the index, is the haversine of the true bear- 
ing, which take ftom the table. Or if a table not contain- 


Caaf. VI.~OP THE TIDES. 

The theory of the tides has already been exidaineil under 
the article AsTKOSOMt, and will ai^n In.* further dluKtrateii 
under that of Tipsa. In tliis place, tlieretore, it reiiwins 
only to explain the piethod of calculating the time of high 
water at a ^ven place. 

As the tides depend upon the joint actions of the sun «id 
moon, and therefore upon the diatonce of tliesc objecta from 
the earth and from each other;, and as, in the method gene- 
rally employed to find the time of high-water, whether by 
the mean time of new moon, or by the c{)acts, or tables de- 
duced therefrom, the moon is supi)oa*dl to be the sole agent, 
and to have a uniform motion in the periphery of a circle 
whose centre is that of the earth ; it is hence'obvioua tlwt 
this method cannot be accurate, and by observation the 
error is sometimes found to exceed two hount. This me- 
thod is therefore rejected, and another given, in which the 
error will seldom exceed a few minutes, unless the tides 
are greatly influenced by the winds. 



The Tides. 
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Moon*s Horizontal Parallax. 


59' 68' 


17 

17 

16 

16 

16 

15 

15 

13 ( 

20 

20 

19 

19 

19 

19 

18 

1( 

22 

22 

22 

22 

22 

22 

22 

2( 

24 

24 

25 

25 

25 

26 

25 

3( 

27 

27 

28 

28 

28 

29 

29 

4( 

29 

30 

31 

31 

31 

32 

33 

5( 


Moon’s 

Transit 

60' 

59' 

00 

lo 

57' 

56' 

55' 

54' 

Transit 

li. in. 

m. 

m. 

m. 

m. 

m. 

zn. 

ni. 

h. m 

6 0 

- 56 

-58 

- 60 

- 62 

- 65 

- 69 

- 72 

18 0 

10 

52 

54 

56 

59 

62 

65 

68 

10 

20 

49 

61 

63 

55 

58 

60 

63 

20 

30 

46 

48 

60 

61 

54 

56 

58 

30 

40 

43 

44 

45 

47 

49 

51 

53 

40 

50 

38 

39 

40 

41 

43 

44 

45 

50 




4 0 

55 

67 

69 

62 

65 

69 

10 

56 

58 

61 

63 

66 

70 

20 

57 

60 

63 

66 

68 

72 

30 

58 

61 

64 

66 

69 

73 

40 

69 

62 

66 

67 

70 

74 

60 

60 

62 

66 

67 

70 

76 



6 0 

- 66 

- 68 

- 60 

- 62 




27 

30 

i 34 

22 < 

26 

29 

32 

1( 

23 

27 

3L 

2( 

22 

26 

30 

3( 

21 

25 

28 

4( 

19 

22 

25 

5( 


9 12 14 

8 10 12 

6 7 9 

4 6 7 

2 4 6 

112 


11 14 
9 12 


23 23 0 
20 10 


.4 17 

,2 14 

9 IX 


+ 4 + 6 24 0 


Table II . — For finding the Height of the Tide, 
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The Tides. TO FIND THE TIME OF HIGH-WATEK. 

Rule , — Let the approximate time of high-water be ibunti, 
by taking the corrections for the moon’s horizontal parallax 
for the, nearest noon or midnight from Table L Again, to 
this time and the given longitude take from the Nautical 
Almanac the moon's horizontal parallax. ^ Also to the time 
of the moon’s transit over the meridian of Greenwich apply 
the variation answering to the longitude and daily variation 
between the given and preceding day if the longitude is E. 
Subtract this from the transit over the meridian of Green- 
wich, and the remainder will be the time of transit over the 
meridian of the given place. But if the longitude be W., the 
correction answering to the longitude and daily variation of 
transit between the given and following day must be added 
to the time of transit over the meridian of Greenwich, to ob- 
tain the time of transit over the meridian of the given place. 
To the time of high-water, if new and full moon at the 
given place, add the reduced time of transit over the meri- 
dian of the same place, and to the sum apply the equation 
from the table answering to the time of transit and hori- 
zontal parallax formerly found ; the result will be tlie true 
mean time of high-water required. The^ apparent time 
may be found by applying the equation of time, with its 
proper sign. 

iJai. 1. — Uequired tbo time of high-water at Leith on Wednesday 
the 10th of May 1837, in Long, 3° 11' W. 

By the rule, the time of high-water will he about six o’clock in 
the evening. In this case, the moon’s horizontal parallax will be 
54' 16", and the time of transit 4^ 60"* moan time, or 4** 54*» ap- 
parent time by applying the equation of time 3“ 60* by addition. 

Apparent time of transit of upper meridian... 4** 54» 
Blquation from the table to horizontal parallax 


54' 16", and transit 4^ 54«, subtract - 1 18 

Kcmainder 3 36 

Time of high-water at now and full moon +2_20 

Apparent time of high-water 6 66 

Equation of time — 0 4 

Moan time of high-water 6 62 


If the sum exceed 12‘* 26’“, subtract this numiier from 
it ; if it exceed 24'’ 6()"\ subtract as belbre, and the re- 
mainder will be the time of high-water in the afternoon of 
the given day nearly. The time of liigh-water of the tide 
preceding may be found nearly by subtracting 25”* from it, 
and the succeeding tide by adding 25*“ to it. In case.s of 
great accuracy, however, a computation should be made for 
each tide in a manner similar to that above. 

2. — Required the time of high-water at Aberdeen on the 21«t 
of Juno 1837, in Long. 2« 6' W, 

As before, the time of high-water will readily be found to be 
about three o’clock. 

Here the horizontal parallax of the moon will be 60' 30", and 
the mean time of transit on the given day IS** 32». But as this 
transit exceeds 12^, it will he necessary to take the time of transit 
over the under meridian, or, what comes to the same thing, half the 


sum of the transits on the given and preceding days, or, J (14^ The Tides, 


32® 4- 15^ 32®) =15^» 2« 

Correction from the table — 0 44 

Remainder 14 18* 

High-water at new and full moon -p 1 10 

Sum exceeding 12** 16 

By rule, subtract 12 26 

Apparent time of high water "3 3 

Equation of time 4-0 1 

Mean time Jf 


3. — Required the depth at Aberdeen at the same time, the 
rise of spring tides being 19 feet, denoted by a in Table II., pert 1, 
and that of the neap 14 feet, by b, 

How, by Table II., part 1, to transit 1 .ni* 2®, and horizontal pa- 
rallax 60' 30", will be obtained 0’£)17 x 19 4- 0-242 x 14=20*8 feet. 

4. — Required the height of the tide at G** 16® after high- 

water. 

By part 2, 20*8 X 0*5 = 10*4 feet. 

In this manner, the time and rise of the tide may he 
readily obtained nearly, unless both are much influenced by 
the strength and direction of the wind. 

In the preceding pages we have not considered it our prt)- 
vince to supply the reader with the tables which have been 
made use of in the solution of the several problems— tra- 
verse tables, tables of meridional parts, corrections for dip, 
parallax, refraction, and log. liaversincs, log. rising, middle 
time, half-elapsed time, &c. For these, and for further infor- 
mation, we refer him to the works on Navigation already 
mentioned. Some of the rules we have given will be finmd 
to differ in some respects from those given in these works. 
These discrepancies, however, arise cntirelyfnun the slightly 
clifier(*nt form in which the fomnihe on whi<‘h the rules art* 
based arc made to appear, but not at all on any differt*nce 
of principle. We have generally retaint*d the forms of the 
forwmim which arc best known to astrom)mieal students. 
For example, we have retained Borda’s methotl of clearing 
the disoince, in lieu of the slight deviathuis from it which 
are frequently employed, not merely as being eqn.illy eorrta t 
with the latter, hut as possessing some hiscorieal interenr. 
In clearing the distance by natural versed siins^ it is not 
difflcult to put the formuke in sneli a ft^nu that the sum 
only of the vended sines may he taken. We have retained 
the formula in wliich two of the vt*rsed sines apfiear with 
a negative sign, as being that with which tim reatlers of 
Hymer's Astrtmomyartf alnsuU an|uainted. Whenever the 
reader is familiar wdth astronomical we reccimmend 

him to study the rules given in thtw pages with tite appro- 
priate formula? before him; these he will find in any work 
on astronomy treated mathematically, in all cases, how- 
ever, it is believed that, by a careful study of the ruU s ami 
directions contained in tltis article, tl»e reader will find 
himself possessed of all the information which wilt enable 
him to navigate a ship. (j. w'— r.) 
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Introduc- The mariner's compass, it is believed, was first used at the 
tion. commencement of the fourteenth century. Its introduction 
gave a new character to commercial enterprise, as it afforded 
Origin of the means of promoting to an almost unlimited degree the 
navigation, progress of maritime discovery. Since that early period 
the pursuit of Navigation has not only been the grand object 
to which the labours of Columbus and of all subsequent 
explorers of the world have been directed ; but the researches 
of the philosopher, the astronomer, the geographer, the 
mechanician, and the engineer, have all been instrumental 
in bringing to maturity and perfection the various branches 
which constitute the system of Navigation as it now exists. 
Its division System, though made up of many subsidiary parts, 

into two may conveniently and naturally he divided into two great 
depart- departments. One of these is treated of in a separate ar- 
ments. under the head of Navigation ; the other, which forms 

the subject of the present treatise, is termed Inland Navi- 
■\Vhat in- gation. It may shortly be defined as that branch of navi- 
land navi- gation which extends from the sea to the land, and affords 
gation is. the means of transport throughout the interior of a coun- 
try. To form a correct estimate of the importance of 
this subject, it must be viewed in connection with the 
entire system of which it forms a [)art. For, how can we 
fully enjoy the benefits of those mighty results of science 
and of art, by which sailing vessels of all classes arc now 
enabled to transport tlieir cargoes from shore to shore, with 
comparative ease and safety, and gigantic steamers to tra- 
verse the ocean with certainty and des[)atch, if we do not, 
in addition to exhibiting the beacon ligdit to welcome the 
approach of ships to our coasts, afford the means of with- 
drawing them from the ocean billows into sheltered havens, 
where their lading may be discharged, and cargoes of our 
country’s produce may bo shipped for foreign lands. It 
should be borne in mind, that it is only when the mariner 
approaches his destined polt that the dangers caused by 
rocks, shoals, sand-banks, tides, and currents, beset his 
course; and the means of securing shelter for his vessel, and 
of opening up a passage into the interior of the country, 
may be held as embraced under tlie extensive subject of 
Inland Navigation. 

Harbours. The article Hakbours fully discusses the construction of 
piers and breakwaters ; and our present treatise will there- 
fore be confined to Canal and River Navigation. 

Topics to Under these general heads wc propose to give d brief 
be discuss- account of canals, as applied to the purpose ol' transport by 
sent^ar-*"^' means of boats, and also on the larger scale, as affording to 
tide. sea-borne vessels a sheltered and direct route to their des- 
tined ports. Our notice of rivers will embrace the navi- 
gation of their upper or landward streams, and also the varied 
means employed in opening up and rendering navigable 
their seaward or tidal compartments, which will necessarily 
lead us to consider tlie conservation of estuaries and the 
formation of bars. Viewed even in this restricted light, it 
will be found that inland navigation forms an extensive and 
intricate department of hydraulic engineering. 

It is proper in the outset to state, that it is not our inten- 
tion to explain the nature or principles of the varied class 
of works which the engineer finds it necessary to adopt 
in carrying out such operations as those to which we have 
alluded. At the present time, when so much is written 
on all branches of engineering, such a course would be 
uncalled for, and would indeed extend the present treatise 
greatly beyond the limits to which it must necessarily be 
restricted. For infonnation as to such details, we must 
therefore direct the reader to the different books to which 


we shall have to refer, as containing full information on the Canals, 
subjects of which they treat. Our aim is rather to present 
the reader with a general rSsumS of the state of our knowledge 
respecting tlie practice of engineering, as applicable to in- 
land navigation in all its branches, and to confine such 
detailed remarks as we may have to offer, to those parts of 
the subjects only, which are not fully treated in works al- 
ready published ; and here we must express our regret, that 
although we have many treatises expounding the principles 
of engineering, nevertheless the engineers of the present 
day have given comparatively few accounts of the effects 
that have followed the application of these principles in 
particular cases. In drawing up the following pages, the 
writer has found great difficulty in obtaining authentic in- 
formation on applied engineering; and this must be his 
excuse for having in some of the sections been obliged to 
apply, it may be tliought too largely, to his own experience 
for illustrations of his subject. 

SECT. I.— CANALS- 

It must be obvious to all, that railways, from which wc Canals, 
have of late years derived such inestimable advantages, 
have now in a very great measure superseded, and certainly 
for the future must prevent, the general extension of canals. 

The great objections to relying on canals as the medium of 
regular and uninterrupted internal communication in this 
country, are the difficulty of obtaining a sufficient supply of 
water to prevent stoppages during dry seasons, the interrup- 
tion to winch they are exposed from ice during winter, and 
above all, in these days of express railway trains and elec- 
tric telegraphs, the very limited speed at which the boats 
which navigate them can be propelled. Sir John Rennie, 
in speaking of the successful attempts made to introduce 
swift boats on canals, and the great improvement that was 
thereby effected in canal transnort, says, — All this, how- 
ever, came too late; for although it would have been readily 
acknowledged at an earlier period, and might perhaps for 
a while have retarded the railway system, yet when once the 
latter was established, its superiority became manifest, and 
its progress irresistible.”^ These truly are considerations 
which make canals, when compared to railways as a means 
of transport and communication, appear so very disadvan- 
tageous, that it may at first sight be considered as uncalled- 
for to describe, even briefly, a class of works which, in tlic 
present day, may be regarded by some readers as almost 
entirely superseded. But although this remark may perhaps 
be justly considered applicable to those canals which effect a 
purely inland communication from town to town, it does not, 
in any degree, apply to that larger class of works called ship 
canals, which afford to sea-borne vessels an inland course, 
and enable them to avoid the dangers of a lengthened 
coasting voyage— an object of the highest importance to 
navigation, and one which it is obvious cannot be super- 
seded by a railway. But, independently of this reserva- 
tion on behalf of these peculiar works, it appears to us that 
the simple consideration of the great antiquity of navigable 
canals, their wide-spread introduction throughout the world, 
the important place which they have so long occupied in 
tlie commercial history of every country, and above all, the 
noble specimens which they afford of hydraulic engineering, 
should lead us naturally and imperatively to give some notice 
of their origin and subsequent progress ; and this we shall do 
as briefly as possible, not so much from any feeling that the 
subject is superseded, or is unimportant, but because it will 
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Canals, be found fully and ably treated in the works to which we 
shall have occasion to refer. 

Their ear- From the writings of Herodotus, Aristotle, Pliny, and 

ly history, other ancient liistorians, we learn that canals existed in 
Egypt before the Christian era ; and there is reason to 
believe that, at the same early period, artificial inland navi- 
gation also existed in China. Almost nothing, however, save 
their existence, has been recorded with reference to these 
very early works ; but soon after the commencement of the 
Christian era, canals were introduced, and gradually ex- 
tended throughout Europe, particularly in Greece, Italy, 
Spain, Russia, Sweden, Holland, and France.^ 

In speaking, however, of the earliest of these works, it is 
not to be supposed that they resembled the modern canals 
as now constructed in our own and other countries. Early 
as inland navigation was introduced, it was not until the in- 
vention of canal-locks, by which boats could be transferred 
from one level to another, that the system was rendered 
generally applicable and useful ; and it has been truly re- 
marked, ‘‘ tliat to us, living in an age of steam-engines and 
daguerreotypes, it might appear strange that an invention so 
simple in itself as the canal-lock, and founded on properties 
of fluids little recondite, should have escaped the acuteness 
of Egypt, Greece, and Rome.”*^ Not only, however, had 
the invention escaped the notice of the ancients, but what 
is more striking, the several gradations made towards the 
attainment of that simple but valuable improvement appear 
to have been so gradual that, like many discoveries of im- 
portance, great doubts exist as to the person and even the 
nation, by whom canal-locks were first introduced. One 
class of writers attributes the discovery to the Dutch ; and 
Messrs Telford and Nimmo, who are understood to have 
written the article on Inland Navigation in JSrewsicr^s 
Edinburgh Enclyclop(Bdia,dAoy;i\. the conclusion that locks 
were used in Holland nearly a century before their applica- 
tion in Italy : while, on the other hand, the invention has been 
strongly and not unreasonably claimed for engineers of the 
Italian school, and, in particular, for Leonardo da Vinci, the 
celebrated engineer and painter. Without, however, enter- 
ing into a discussion of this question, which it is now pro- 
bably impossible to solve, we may safely state, that during 
the fourteenth century the introduction of locks, whether 
of Dutch or Italian origin, gave a new character to inland 
navigation, and laid the basis of its rapid and successful ex- 
tension. And here it may be proper to remark, that tlie 
early canals of China and Egypt, although destitute of 
locks, do not appear to have been on that account formed 
on a uniformly level line unadapted to varying heights, it 
is very doubtful, indeed, if the use of locks has even yet 
been introduced into China, intersected as it is by many 
canals of great antiquity and extent 5 ^ and in order to pass 
boats from one level to another, the Chinese have, from a 
very early period, employed stop-gates and inclined planes 
of rude construction. Nevertheless, the invention of locks 
was, as already noticed, a most important step in the history 
of canals ; and that mode of surmounting elevations may be 
, said to be almost universally adopted throughout Europe 
and America. Inclined planes and perpendicular lifts have, 
it is true, been employed in these countries, as will be no- 
ticed hereafter ; but the instances of their application are 
undoubtedly rare. 

Languedoc But in proceeding to illustrate the progress of canals, we 

Canal. may, without tracing their gradtial introduction from country 

to country, remark at once, that we find the French, at the 
end of the seventeenth centmy, in the reign of Lrouis XIV., 
forming the Languedoc Canal, designed by Riquet, between 


the Bay of Biscay and the Mediterranean, a gigantic work Canals, 
which was finished in 1681. It is 148 miles in length, and ' 

the summit level is 600 feet above the sea ; while the works 
on its line embrace upwards of one hundred locks and about 
fifty aqueducts, — the whole forming an undertaking which is 
a lasting monument to the skill and enterprise of its pro- 
jectors ; and with this work as a model, it seems strange that 
Britain should not, till nearly a century after its execution, 
have been engaged in vigorously following so laudable an 
example. This seems the more extraordinary, as the Ro- 
mans in early times had executed works in England, which, 
whatever might have been their original use, whether 
for the purposes of navigation or drainage, were ultimately, 
and that even at an early period, converted into navigable 
canals. Of these works, w’c particularly specify the Caer Ancient 
Dyke and Foss Dyke cuts in Lincolnshirt*, which are by 
general consent admitted to have been of Roman origin. 

The former extends from Peterborough to tlie River Wi- 
tham, near the city of Lincoln, a distance of about 40 miles ; 
and the latter extends from Lincoln to the Hiver Trent, 
near Torksey, a distance of 11 miles. The Caer Dyke 
exists now only in name; but the Foss Dyke is at this mo- 
ment an efficient and flourishing navigation ; and having 
been lately professionally engaged in its improvt lUfUt, 
the writer had occasion to inquire somewliat minutely into 
its history. Regardingthis oldest British canal, Camden, in Dyke 
his Britannia, states that the Foss Dyke was a ait originally 
made by the Romans, and that it was deepened in the year 
1121 by Henry I. ; but to what extent it was deepened 
does not appear. In 1762 it was reported on by Smeaton 
and Grundy, who found the navigable depth at that time to 
be 2 feet 8 inches, and recommended several works for its 
improvement, which appear, however, not to have been 
executed. In 1782 Smeaton was again employed, and 
deepened the navigation to 8 feet (> indies ; but it does not 
appear that its width was increased 5 * and from that period 
it remained in a very imperfect state till 1H40, when Messrs 
Stevenson of Edinburgh were eru[)loyed to design w<»rkH 
for assimilating the Foss Dyke, both as regarded the breadth 
and depth of the navigable channel, to the Rivers Witimm 
and Trent, with which it cornimmicaU^il. Upon examina- 
tion, the depth of the Foss w as I'ound to he leet 10 inches, 
and its breadth in many places was insufiicient lor the pas- 
sage of boats for the convenience of which occiisiomd 
passing places hud been provided ; ami it was rciwdved to 
increase its dimensions, and otherw ise repair the whole work. 
Accordingly, the canal Wiis widened to the mimmum breadth 
of 46 feet, «md deepened to the extent of 6 feet thmughout 1 
alterations which were accmnpUshal without sioppittg die 
traffic- The entrance-lock was renewed, and a 
engine was erected for supplying water from tU iJiur 
Trent during dry seasons ; and that ancient canal, wdiich is 
quoted by Telford and Nimmo “as the oldest jirttftcial 
canal in Britain, is now in a state of perfect efficiency, 
forming an imjKirtant connecting link between die Trent 
and Witham navigations. 

Notwithstanding the existence of this early work, how- Drhlg«- 
ever, and of some others in the country, particularly the J^****^ 
Sankey Brook navigation, opened in 1760, it is generally 
admitted that the formation of the Bridgewater Canal in 
Lancashire, the act for which was obtained in 1759, was the 
commencement of British canal navigation ; and that 
Francis, Duke of Bridgewater, and Brindley the engineer, 
who were its projectors, were the first to give a practioii 
impulse to a class of works which, under the guidance 
mainly of Smeaton, Watt, Jessop, Nimmo, Rennie, and Td- 


Fulton On Ccvml J^migation, London, 1796 ; Vallancey^s Treati$e on Inland Ifmdgationf Dublin, 1763; Tatham’s Bsmmm 

of Inland Navigation, London, 1799 ; “ Inland Navigation,*^* Brewster’s Mdinbwrgh Nneyclojgmdia. 

» Quarterly Review, No. cadvi., p. 281 ; Treatise on Navigable €anak, by Paul Prisi. 

3 The imperial canal of China is about 1000 miles in length. ♦ Smeaton’s Reports, vol. i., p. 66, London, 1786. 
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Canals, ford, has been very generally adopted throughout the 
country, and has undoubtedly been of vast importance in 
promoting its commercial prosperity.^ It is believed that 
the canals which have been constructed in Britain exceed 
in the aggregate 4713 miles, and the system has been ex- 
tensively carried out both in Europe and America. 

Ship The introduction of canals adapted for the passage of 

canals. boats was soon followed by a larger class of works, suited 
for the accommodation of sea-borne vessels. Thus the 
Forth and Clyde Canal, projected by Smeaton in 1766, and 
the Crinan Canal, executed by Rennie, are examples of 
navigations to enable sea-borne vessels of small size to pass 
from opposite coasts of the country, and escape long, and it 
may be hazardous, sea voyages. But these works are com- 
pletely surpassed by others which have been formed on a 
scale of much greater magnitude, to admit vessels of heavy 
>rorth burden and large draught of water. Of these we may men- 
Canal”*^ tion the Great North Holland Canal, designed and con- 
' structed by M. Blanken.^ That canal, which extends 
from Amsterdam to the Heldei*, a distance of 51 miles, was 
finished in 1825. It is about 125 feet in breadth at the 
water surface, 31 feet at the bottom, and no less than 20 
feet in depth of water ; and what is most worthy of notice, 
and is indeed a characteristic of all Dutch engineering 
works, the greater part of it is protected from the German 
Ocean by embankments faced with wicker-work, the sur- 
face of the water in the canal being below the level of 
the sea at high water. At the time the writer inspected 
this work the sea was several feet higher than the surface 
of the water in the canal, and the vessels were actually 
being locked downfvom the ocean into the fertile plains of 
Holland. The object of this canal is to enable vessels 
trading from Amsterdam to avoid the islands and sand- 
banks of the dangerous Zuider Zee, the passage through 
which in former times often occupied as many weeks as 
the transit through the canal now occupies hours.’* 

Caledonian country furnishes us with a similar work of 

’ great magnitude and boldness ; we allude to the Caledonian 
Canal, originally projected by Watt and Jessop, and ulti- 
mately executed by Telford, which forms an inland naviga- 
tion, composed partly of natural lakes, and partly of artificial 
canal, extending from Inverness to Fort- William, a distance 
of 60 miles. The artificial part of it is 120 feet in width 
at the top-water level, 50 feet at the bottom, and affords 
20 feet of maximum depth. By means of this inland com- 
munication vessels are enabled to avoid the dangers of the 
Pentland Firth, and also in some measure the intricate na- 
vigation of the Western Islands; and while the Dutch in 
their great canal had to encounter the difficulties occasioned 
by the proverbial loxvness of their country, Telford, in con- 
structing the Caledonian Canal, had to deal with the rugged- 
ness of a succession of Highland glens, and to surmount 
the summit-level of Loch Oich, which is about 80 feet 
above the level of the sea. Accordingly, in addition to 
many heavy works which occur in its course, there is at 
one point on the Caledonian Canal a succession of eight 
locks, by means of which a vessel of nearly the largest class 
of merchantmen can be raised or lowered through a height 
of 60 perpendicular feet. The locks, which are in 
close succession, rise one above another like a series 
of gigantic steps ; and this unique and extensive marine 
ladder has not inappropriately been termed “ Neptune^s 
Staircase ” * 


It must be obvious that, in successfully carrying out Canals, 
works of such a nature, and on so gigantic a scale, no 
ordinary amount of engineering skill is requisite. Vast Difficulties 
reservoirs must in some cases be formed for storing the in con- 
water necessary to supply during dry seasons the 
by lockage, leakage, and evaporation. Feeders must be 
made to lead this water to the canal ; hills must be pierced 
by tunnels; valleys must be crossed on lofty embank- 
ments, or spanned by spacious aqueducts ; and above all, 
the whole must be conceived and laid out with scru- 
pulous regard to the all-important object of securing the 
works against injury from an overflow of water during floods, 
and a consequent inundation of the surrounding country. 

Moreover, the necessity of laying out the canal in level 
stretches, and surmounting elevations by means of locks or 
inclined planes, occurring at intervals, often occasions much 
difficulty, and greatly restricts the resources of the engineer. 

Taking, then, all these circumstances into consideration, 
and bearing in mind that canals were the pioneers of 
railways, we think it may safely be affirmed that the canal 
engineers of former days had much more serious physical 
difficulties to contend with than are experienced in carrying 
out the railways in modern times ; if we except such works 
as the Britannia Bridge, the high-level bridge of New- 
castle, the Boxbill Tunnel, and some other kindred works. 

But, indeed, their mechanical difficulties were also greater; 
for the introduction of steam, and its wide-spread applica- 
tion to all engineering operations, affords flicilities to the 
engineers of modern times which Smeaton at the Eddystone, 

Stevenson at the Bell Rock, and Rennie and Telford in 
their early navigation works, did not enjoy. We therefore 
gladly embrace this opportunity of acknowledging the dis- 
tinguished merits of the engineers who practised at the 
end of the former and the commencement of the present 
century. 

Wc have already said that we cannot in this treatise Genopl 
enter into details as to the construction of the various works principles 
adopted in executing canal navigations ; and we shall here ,, 
close our short historical notice of these works by 
mittingthe following digest of the general principles which 
should guide the engineer in selecting the route and design- 
ing the construction of a line of canal : — 

1, The first object to which attention ought to be di- Supply of 
rected is the supply of water, on which the efficiency of a 
canal mainly depends. If there be no natural lake in the 
district available for storage, the engineer must select such 
situations as are suitable for the con.struction of artificial re- 
servoirs. The conditions to be attended to in selecting the 
positions for these works are, tliat they command a suffi- 
cient area of drainage to supply the necessary amount of 
water ; that their offlots are at such an elevation as to admit 
of water being conveyed to the summit-level of the canal ; 
and that the embankments for retaining the water be erected 
on sites affording a favourable foundation, and so situated 
with reference to the valley above them tliat they shall, with 
the minimum height and breadth of embankment, dam up 
the maximum amount of water. It is further necessary to 
consider whether the subsoil of the valley forming tlie re- 
servoirs is throughout of so retentive a nature as to prevent 
leakage ; and it is also essential to provide, by means of waste 
weirs, for the discharge of floods. The Caledonian Canal 
is, in this respect, very favourably situated ; no artificial 
reservoir having been required. Nearly the whole supply is 


^ Jffistory of Inland Naisigation^ ^particularly those of the Duke of Bridgewater, London, 1786 Hughes^ ^‘Memoir of Brindley,’’ Weale’s 
Q^uarterly Papers, London, 1843. * Transactions of Inst* of Civil Mnginetrs, vol. vi., p. 81, 

3 It was here that Bakker, a burgomaster of Amsterdam in 1688, introduced his “ camel ” fur floating large vessels over the shoals of 
the Pampus, by means of which, according to Sir John Leslie, an Indiaman which drew 16 feet water had its draught reduced to 11 feet. 

^ The connection of the Atlantic and Pacific oceans by means of a navigable canal has long been under consideration, and the question 
has of late years assumed a more practical aspect. (For a review of the various schemes which have been proposed for carrying out this 
desirable object, the reader is referred to communioationB by Mr Joseph Glynn and Lieat.*Col» Lloyd, in the Tram, of the Beekty of Civil 
JSngineersj vol. ix., p. 68, and vol. vi, p. 399.) 
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derived from Lochs Ness, Oich, and Lochy, which, inched, 
constitute the greater part of the navigation ; they afrorcl 
ample depth of water, and though on different levels, they 
extend in an almost continuous line through the country. 
In other cases, such as the Union, Forth and Clyde, Crinan, 
Birmingham, and other canals, it has been found necessary 
to construct large artificial reservoirs, from which the water 
is led in feeders to points convenient for forming a junction 
with the canal. The water in these reservoirs, whether 
artificial or natural, is stored up in winter, and let off as re- 
quired during the droughts of summer. In situations 
where the canal communicates with the sea or a tidal 
river, and wliere the natural supply is small, as in the case 
of the Foss Dyke, the water may be raised by pumping- 
engines, 

2. In determining the direction of a canal, it is of im- 
portance to consider the levels of the country through 
which it passes, and to lay out the work in a succession 
of level reaches, so as to overcome elevations in cmvulo 
at those places where it can be most advantageously 
effected. This arrangement not only leads to a saving of 
attendance and expense in working the canal, but is also 
more convenient as presenting fewer stoppages to the 
traffic. The means of overcoming the difference of level 
between the various level reaches must depend very much 
on circumstances. With few exceptions, the change of 
level is effected by means of locks, wliich generally have a 
life of from 8 to 10 feet, though in some cases it is some- 
what greater. The dimensions of the locks ought to be 
regulated by the traffic; but they should, in order to save 
water, be as near as po^ssible the size of the craft to be 
})assed through them. The smallest class of canals have 
locks about 8 feet in breadth, and from 70 to 80 feet long; 
those on the Forth and Clyde are 20 feet in breadth, and 74 
feet long ; on the Caledonian Canal they are 40 feet broad, 
and 1801 feet long, and on the great Holland ship-canal they 
are 51 feet broad, and 297 feet long. The water is gradually 
admitted into and flows from each lock by sluices formed in 
the gates. Sir William Cubitt, in carrying out the improve- 
ments of the Severn navigation, introduced the water through 
a culvert parallel to the side wall of tlie lock, aud opening 
in the centre by means of a tunnel, wliich admits 16,000 
cubic feet of water to flow into or out of the lock in 
minute ; and in little more than that time loaded vessels can 
be passed through.^ Inclined planes and perpendicular 
lifts, which have the great advantage of saving water, have 
also been adopted in a few cases. In 1837 the writer in- 
spected the Morris Canal in the United States, constructed 
by Mr Douglas of New York, on the line of which there 
arc no fewer than 23 inclined planes, having gradients of 
about 1 in 10, and an average lift of 58 feet each. The 
boats weighed, when loaded, 50 tons, and after being 
grounded on a carriage, were raised by water-power up the 
inclines with great ease and expedition. The len^h of 
the Morris Canal, which connects the llivem Hudson and 
Delaware, and is a most interesting work, is 101 miles, 
and the whole rise and fall is 1557 feet, of which 223 are 
overcome by locks, and the remaining 1334 by inclined 
planes.® But inclined planes were used on the Ketling 
Canal in Shropshire in 1789, and afterwards on the Duke 
of Bridgewater’s Canal. Mr Green introduced on the 
Great Western Canal a perpendicular lift of 46 feet; and 
more recently Mr Leslie, of Edinburgh, and Mr Bateman, 
constructed an inclined plane on the Monkiand Canal, 
wrought by two high-pressure steam-engines of 25 horse- 
power eaci. The height from surface to surface is 96 
feet, and the gradient is 1 in 10. The boats are not wholly 
grounded on the carriage, but arc transported in a caisson 


of boiler-plate, containing 2 feet of water. The maxinmm Canals, 
weight raised is from 70 to 80 tons, and the whole transit 
is accomplished in about 10 minutes. For the five year.s 
previous to the end of 1856, the average number of boats 
that passed over the incline eacli year was 7500. Sir Wil- 
liam Cubitt has also introduced three inclined planes, having 
gradients of 1 in 8, on the Chard Canal, Somersetshire. 

One of these inclines overcomes a rise of 86 feet, and 
they are said to act very satisfactorily.'* 

3. An essential adjunct to a catmi is a sufficient num- Waste 
ber of waste weirs to admit of the discharge of the surplus 
water which accumulates during floods, and which may, if 
not provided with an exit, rise to such a heiglit as to overflow 
the tow-path, and cause a breach in the banks, producing 

n age of the traffic and damage to the atljoiniiig lauds. 

atermining the numi)er and positions of these waste 
weirs, the engineer must be guided entirely by the nature 
of the country through which the canal passes. Whenever 
an opportunity occurs of discharging surplus water into a 
stream crossed by the canal, a waste weir may safely be 
introduced; but, indcf)en<lently of this natural facility, the 
engineer must consider from what quarters, and at what 
points, the greatest influx of water may be apprvlu ndi d, 
and must at such places not only form waste weirs c»f suf- 
ficient size to void the surplus, but prepare artificial 
courses for their discharge into tlie nearest streams. These 
waste weirs are overflows placed at the top water-level 
of the canal, so that in the event of a flood occurring, the 
water flows over them, and thus relieves the hanks. 

The want of sufficient escape for flood-water 1ms otTjHioncd 
overflows of canal banks which were attended witii very 
serious injury to the works, and lengthened su'^pt^usion of 
the traffic; and attention to this particular part of canal 
construction is of essential importance. 

4. Another very necessary precaution is the introdtic- Htop-gates, 
tion of stop-gates at short intervals of a few miles, for tlie 
purpose of dividing the canal into isolated reaches, so 
that in the event of a breach occurring, the stop-gates may 
be shut, and the discharge of water conflnet! to the small 
reach intercef)ted between them, instead of extemling 
throughout the whole line of cmal. In largt^ works these 
stop-gates may be most advantageously farmed in the same 
manner Its the upper gates of locks, twi> pairs of gates being 
made to shut in opposite tlin^ctions. In small works they 
may be made of thick planks, which sire slipfied into grooves 
formed at tliose narrow parts of the canal which occur 
under roatl bridtres, or at c(»ntractiom* tnaale with grooves at 
intermediate points to receive them. Self-acting stop-gates 
have been tried, but their success has not been such m to 
lead to their general introduction. Stop-gates are further 
found to be very useful in cases of re|)air», as they admit of 
the water being run off from a short reach, when the re- 
pairs can be made, and the water restored, with compara- 
tively little inteiTuption to the traffic. Their value in 
obviating serious accidents was well exemplified on one 
occasion in tlie experience of the writer, when ttie water 
during a heavy flood flowed over the towing-path at the 
end of an aqueduct adjoining a high embankment, and the 
uncontrolled current carried away the embankment, and the 
soil on which it rested, to the depth of* 80 feet, as mea- 
sured from the top water-level The stop-gates were, on 
the occasion referred to, promptly appru'd, and the discharge 
confined to a short reach of a few miles, odierwijic* die in- 
jury (which was, even in its modified form, vary consider- 
able) would have been enormous. 

5. For the purpose of draining off the w'ater to admit 
of repairs after the stop-gates have been closed, it is ne- 
cessary to introduce, at convenient situations, a seriiys of 


1 !Prantactions of Institution of OM BnginMrt. 

® TrmBactiom of Institution of OivU Enginttrsp Tol. xiii,, p. 205. 


• Stevenson’s Skttch of Civil JCnginttring in North dvmim. 



Rivers. 


Drainage 
of tow- 
^)aths. 


Puddling. 


Difference 
b(*tween 
canal and 
river navi- 
gation. 


NAVIGATION, INLAND. 


57 


exits called offlets, consisting of pipes placed at the level 
of the bottom of the canal, and fitted with sluices which 
can be opened and shut when required. These offlets are 
generally formed at aqueducts or bridges crossing rivers 
where the contents of the canal can be run off directly 
into the bed of the stream, the stop-gates on either side 
being closed so as to isolate the part of the canal from 
which the water is withdrawn. 

( 6 .) In executing the work, provision must be made for 
the proper drainage of the tow-paths, especially in cuttings. 
The drainage of the tow-paths should be carried to a sky 
drain at the bottom of the cutting, and at intervals passed 
below the tow-path into the canal. The preservation of 
the banks at the water-line is also a matter of importance. 
“Pitching” with stones and “facing” with brushwood are 
employed, and, in the writer’s experience, the latter, if well 
executed, forms an economical and effectual protection. 

(7.) In forming the alveus or bed of the canal, care 
must be taken, particularly on embankments, and also in 
cuttings, if the soil is porous, to provide against leakage by 
the application of puddle. And here it is proper to re- 
mark, that an all-important matter, as affecting the construc- 
tion of the works, is the possibility of getting clay in the 
district, or such other soil as may be worked into puddle, 
on the good quality of which the stability of the reservoir 
embankments, and the imperviousness of the beds and 
banks of the canal, mainly depend. 

These are the only points of general application in the 
construction of canals to which we can advantageously 
direct attention in the present communication. In carry- 
ing them into practice, the engineer must be guided partly 
by the valuable details to be found in the works to which 
reference is made in this article, but mainly by that expe- 
rience which can be gained only by the study of works in 
actual operation. 

We do not propose to extend our remarks to the means 
of conducting traffic on canals and rivers, and have to 
refer the reader for information on that subject to observa- 
tions and works on Traction and Steam Navigation. On the 
former subject the reader may consult the observations, by 
Mr Walker and Mr George Rennie, in the Tramactions of 
the Royal Society and of the Institution of Civil Engineers ; 
and especially the very valuable researches on Hydrody- 
namics, by Mr Scott Russell, in the Edinburgh Philosophi’- 
cal ^Transactions. On the latter he is referred to the arti- 
cles Steam-Engine, and Steam Navigation.^ 

SECT. IT.— RIVERS, THEIR PHYSICAL CHARACTERISTICS- 

From what has been said, it will be seen that a canal 
may be described as a work by which water is diverted 
from its natural course, and made to occupy a channel pre- 
pared for its reception, extending through the country for 
the transport of boats and vessels. Canal navigation is thus 
entirely artificial in its character. In this respect it differs 
from river navigation, which may be described as the art of 
using, for the purposes of inland communication, rivers flow- 
ing in their natural courses, and of applying means to ren- 
der them subservient to the purposes of navigation in cases 
where the depth is limited, or where rapid currents exist. 
Our consideration of rivers must therefore necessarily com- 
prehend a general sketch of their physical characteristics, 
and the Jaws of their motion, as a necessary introduction to 
the more practical part of the subject, embracing the engi- 
neering works required for their improvement, with which 
we liave chiefly to deal in this treatise. 


As introductory, therefore, to the remarks wliich are to Kivers. 
follow, it seems desirable to premise, as described by the — — 
writer in a communication to the Royal Society of Edin- The enm- 
burgh,^ that in all rivers affected by tidal influence, two physi- piirtments 
cal boundaries, more or less apparent, are invariably found to 
exist, caused by the influx of the tidal wave through firths 
or bays, and the modification it receives in its passage up the 
gradually rising inclination or slope of a river’s bed. These 
boundaries again produce three compartments. The seaward, 
or lowest of these, the writer termed the “ sea pro})er the 
next, or intermediate one, into which the sea ascends, and 
from which it again withdraws itself, was termed the ‘‘ tidal 
compartment of the river;” and the highest, or that which 
is above the influence of the sea, the “ river proper.” Their 
relative extent in different situations is influenced not only 
by the circumstances under which tlie great tidal wave of 
the ocean enters the river, but by the size of its stream, the 
configuration and the slope of its bed, and, in short, by every 
natural or artificial obstruction which is presented to the 
free flow of the tidal currents along its channel. 

These three compartments possess very difterent physi- Tlieir phy- 
cal characteristics. The presence of unimpaired tidal 
phenomena in the lowest, the modified flow of the tide^ pro- 
duced by the inclination of the river’s bed in the interme- 
diate, and the absence of all tidal influence in the highest 
compartment, may be shortly stated as the phenomena by 
which these spaces are to be recognised. The tides in the 
“ sea proper ” compartment of an estuary, for example 
(although the place of observation be several miles embayed 
from what in strictness could be called the “sea” or “ocean”), 
will be found to resemble those of the adjoining sea with 
which it communicates, — in the identity of the levels of 
low water ; 2 c?, in the shortness of the time which elapses 
between the cessation of ebbing and the commencement 
of flowing, or, in other words, the absence of any protracted 
period of low water, during which the surfkce appears to 
remain stationary at the same level ; Sc?, in the symmetri- 
cal form traced by the passage of the tidal wave 5 and 
in the range of tide, so far as that is not influenced by the 
formation of the shores in narrow seas or channels. In 
ascending into the intermediate compartment, however, the 
level of the low water is no longer the same; the range of 
tide, excepting in peculiar cases, becomes less, and is gra- 
dually decreased as the bed of the river rises, and at length 
a point is reached where its influence is not perceptible. In 
this intermediate section the phenomena of ebbing and flow- 
ing are still found to take place, but the times of ebb and 
flow do not remain constant, that of ebb gradually gaining 
the ascendency ; the duration of low water being gradually 
protracted as we proceed upwards, until the influence of 
tide is unknown. This forms the boundary line of the 
upper compartment, the characteristic of which is tlie total 
absence of ebbing and flowing ; the river at all times pur- 
suing its downward course in an uninterrupted stream, and 
at an unvarying level, except in so far as may result from the 
changes due to land floods. 

In the investigation of these different characteristics, the 
variable nature of the elements to be dealt with must be 
kept in view. The river, for example, is liable to be affected 
by floods, and the state of the tides by winds and other 
causes ; and therefore a great degree of precision in defining 
these spaces cannot in all cases be expected, nor indeed is 
it necessary for the purpose of the present inquiry. But 
it is satisfactory to know that the termination of the low- 
water level at the separation of the seaward and intermediate 
spaces, as laid down by marine surveyors, simply from ob- 


^Researchesoix Hydrodynamics, from Transactions of Moyal Society of JSdinburght 1837, by X S. Russell ; “ On tbe Resistance of Fluids 
to Bodies passing through them” (Phihsopkical Transactions, 1838), by James Walker, O.E. 

Proceedings of the Royal Society of Rdinhurgh, vol. ii., p. 26. 
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Hivers. servation of tlie tidal phenomena, has in several situations 
been found to agree exactly 'with the position ot that 
boundary as determined by engineers by means ot accurate 
levelling, combined with careful tidal observations.^ 

Tidal phe- But 'an example in actual practice will best illustrate 
nonicnaof what is meant, and for this purpose wc shall refer to the 
Dornoch investigation of the tidal phenomena, made by the writer in 
Firth. of the Firth of Dornoch and Kyles of Sutherland in 

Cromartyshire. By referring to the small chart of the 
Dornoch Firth in Plate I., the reader will be better able 
to follow the illustrations to be given. The harbour of Port- 
mahomac, marked A on the cliart, about 3 miles from Tar- 
betness Lighthouse, was selected as the place at which to 
observe the ocean or ma toaxe. The second station at 
which it was found convenient to institute observations 
was within the Firth at Meikleferry, marked B, about 3 
miles above the town of Tain, ixnd 1 1 miles distant from 
Port mahomac. The third station was at Bonar Quarry, 
marked C, situated on the north sliore of the Firth, and 8 
miles inland from Meikleferry; and the fourth station was at 
Bonar Bridge, marked D, one mile from the Bonar Quarry. 
Beyond Bonar Bridge the observations were also extended 
as far as the junction of the Hivers Oykell and Ciissley, 
marked E, a distance of 12J- miles ; so that the whole dis- 
tance emlwaced in the investigation was 33J miles. Gra- 
duated tide-gauges were fixed at Portmahomac, Meikleferry, 
Bonar Quarry, and Bonar Bridge ; and by means of two 
distinct sets of observations, the levels of these gauges, in re- 
lation to each other, were accurately determined, so that all 
the tidal observations made at them could be reduced to 
the same (Latum line.' The result of the observations was, 
Low wator that the lorn-water of each tide is^ practically speaking^ 07i 
lina Xivaat]- the same level at Portmahomac^ meikleferry^ and Bonar 
cally level Quarry. We tise the word pTaclmlly^ because the level of 
from Port- jg affected by every breeze of wind, 

t(*rii!)naT necessarily must pen up and elevate some portions of 

Quarry. surface, and cause corresponding depression, at other 
places, so tliat an unvarying low-water line will not be found 
to exist throtigliout ii series of tides on any part even of the 
ocean itself’, however limited die number of low-watm 
embraced may bo. Accordingly, deviations f oin a tnily 
level line of a few inches occasionaily occurred in the 
observations ftuide at the Dornoch Firth ; but tliese were 
not of greater extent than could reasonably be traced to 
the effect of wind, and were found to vary, not only in tlieir 
amount, but also in their value, being sometimes phm and 
sometimes minus quantities, causing corresponding varia- 
tions in the results deduced from the different series of 
titlal observations that were made. Some of these showed 
the low-water within a fraction of an inch of being level ; 
while others gave a notable elevation at some of the sta- 
tions; and otliers, again, gave a depression below the level 
line at the very stations where previously there had been 
a ri<e. 

To illustrate this more full}", we shall give a few examples : 
Thus, on the 23d of June (on which day the weather hap- 
pened to be vc*iy calm), the level of low-water at Meikle- 
ferry was ihree-qtiarters of an inch above that at Portma- 
homac ; and on the next day, the wind blowing fresh from 
the S.E., the level of low- water at Meikleferry was 3f inches 
above that at Portmaliomac. Again, a succeeding observa- 
tion gave the level of Meikleferry three-quarters of an inch 
below Portmahomac. In the same way, and in similar small 
degrees, the level between the low-water at Bonar Quarry 
tide-gauge and at Portmahomac was found to vary^ The 
average of all the observations made, gave the level of low- 
water at Meikleferry 2*2 inches above that at Portmahomac, 
and the level of low- water at Bonar Quarry IT inch below 


the low-water at Portmahomac. Whether those average Rivers, 
differences of level be traceable to the effects of prevailing 
winds, which may be supposed to liave ex(‘rted a greater 
influence on the water at the more exf)osed stations, or to 
any inaccuracy in the le\els, must evidently, from tlie ex- 
amples given of the extent and nature of the daily devia- 
tions, be a point which we cannot determine ; but the rc.sult 
of a lengthened train of observations, notwithstanding the 
average difference above stated, may fairly be held to l)e, that 
the low-water of eacfi tirle is practically on the same level 
at Portmahomac, Meikleferry, and Bonar Quarry; and there- 
fore that the low^watcr tidal phenomena, throughout the 
whole extent of the firth, correspond with those tiu* «ea. 

But when the results of the (»l>servati<uH at ii<mar Bridge how-water 
come to be compared with those ttuide at the seaward station, |^^*’*^* 
a very marked difference presents it.st*lf ; lor, while tite low- ^ 
water line is found to be practically lt*vel from Portmahomac 
to Bonar Quarry, a distance of 20 miles, throughout a 
narrow firth, varying from 1 J mile to /JmO feet in breadth 
at low-water, we find that between the Qtmnry and Bonar 
Bridge, a distance of only one mile, there is a rUc in tlie hiw- 
water line of spring- tides of no less than 6 feet B inches. 

It was therefore concluded that, in the Dornoch Firth, the 
point at which the low-water level of spring-tides met the 
descending current of fresh water, lay somewhere between 
the Qtiarry atid Bonar Bridge. A different series of obser- 
vations was made to ascertain the exact [mirit at which this 
junction takes place, and the result of these obstervations 
was, that at low-water of an ordinary i-prlnc-lhit*. rising 14 
feet at Meikleferry, the low-water i('\t‘l <»f the met‘tsor 
intersects the descending frtsh- water stream from tin* K\h* 
of Sutherland, at a {Hunt 1700 yards below Bonar Bridge*, or 
nearly opposite Kincardine Church, and withm i\0 yartls of 
the Quarry station. Between this point and tin* bridge, a 
distance of 17(X) yards, there is a rist* of 0 feet 0 inrlu*s, 
giving an average slope on the bed of the river of I in 7 h h 
or 6*7 feet fier mile- 

In addition to this uniformity in the level of low-water* 
it was further found that the thlal f>hen<muna of thtf filth 
corresponded to that of the atijuining sea, in the oullme 
traced liy the pa^sagi* of’ the titial \vavt% as dedticeil frtuu 
observations miule at the tlifferent .stations on rlit' i>e and tall 
of the tide level between the periods low ami Ingli w ater. 

During the period between eaei* Icnv- water or high-water 
the level of the Miriace was eu‘r varying, then? being no 
lengthened cessation of ebbing and flowing, ibe tidi-wave 
being fully develojied at the whole of the stiuiotis tip to 
Bomir Qtil^ry. The range of tide was intiml inerrased 
in the inner part of the firth to the extent of 9 inches at 
Meikleferry, and 12 inches at Bonar Quarry ; that is, wht*n 
the rise of tide was 12 feet H inches »t Poriiimlmmae, it 
was 13 feet 3 inches at Meikleferry, and 13 feet H indies at 
Bonar Quarry— an increase which is due to themunientimi 
of the tidal wave when obstructed by the contrat*ting shores 
of the firth, and is accountetl for by the principle of the 
conservation of forces.* 

But ifw^e inquire into the tides at Bonar Bridge, we find that Hiwof tidt 
they do not correE|K)nd with those of tin* adjubfo : ^ i « : ftt Bonar 
the firth ; for taking the tide to w hich w e i:a-. e .*1/^ ,l int i, 3ridg«. 
which rose 13 feet 8 inches at Bonar Qn i!ry, i*. v> i-,’:. r.ius u 
the same day to rise only one-balfoftbat amount, or 6 feet 
10 inches at Bonar Bridge; the difference hetweiui the two 
results being occasioned by the ri!«e on tin* low-water line 
of the channel between these two places. The tide tin the 
imrticuiar day alluded to rose no less than 6 feet IB inches 
at Bonar Quarry before it attained the level of the low- 
water at Bonar Bridge, when it began to rine at tliat pUce 
also, and afterwards continued to flow nearly unifoi mly at 


1 Essay towards a First Approximation to a Map of Co-Udal Lines, by the Bev. W. WhewoU, HUosi^hkal 1833, 
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Rivers, both places. Fig. 1 is a diagram illustrative of the form 
of the tide-wave at Meikleferry and Bonar Bridge, the hard 
line, represents the curve formed by the passage of tlie tidal 
wave at Meikleferry, and the dotted line shows that at Bonar 
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Bridge. In both cases the vertical space represents the 
rise of tide, and the horizontal space the elapsed time. 
From this diagram it will be seen, that while the tide at 
Meikleferry is symmetrical, and presents a constantly rising 
or falling outline, the tide at Bonar Bridge represents a long 
period, extending on some occasions by actual observation 
to several hours at low-water, nearly. unaffected by tidal in- 
fluence, during which period the water stood almost at the 
same level. The tidal water admitted into the upper part 
of the estuary above Bonar Bridge took a considerable time 
to drain off through the narrow water-way at that place, and 
hence the water did not attain a permanent low- water level, 
even long after the tide had ceased to operate in affecting its 
surface. The observations made to ascertain liow far the 
tidal influence extended up the Kyles of Sutherland were 
conducted with the same care, and proved that the highest 
point influenced by the tide was at the junction of the 
Rivers Oykell and Cassley, 12J- miles above Bonar Bridge. 
Meaneea- A further test of the ‘*sea proper” will, it is believed, be 
level, found in the existence, at any place of observation within 
that compartment, of a central point in the vertical range 
of tide from which the high and low water levels of 
every tide are very nearly equidistant. The existence of 
such a point was, it is believed, first determined by Mr 
James Jardine at the Tay in 1810,^ and has been ob- 
served in the firths of Forth and Dornoch, at the Skerry- 
vore Rocks on the west of Scotland, at the Isle of Man, 
and in the Mersey. These .different series of observations, 
made at points so far distant from each other, seem to prove 
the universality of the phenomenon, at least on the shores 
of this country. But in asceoding into the tidal compart- 
ment, the rise on the low-water level, which has already been 
described, destroys at once the symmetry of the tide-wave, 
as shown in fig. 1 , and the existence of any such central 
point equidistant from the high and low water level of 
each tide. 

The case we have adduced will serve to illustrate the 
definition we have given of the compartments of rivers. 
From Portmahomac to Kincardine, near Bonar Quarry, we 
have all tlie evidences of what we have termed the ‘‘ sea 
proper the line traced through the low-water mark at 
different parts of the firth is practically level ; the curve 
formed by the rise and fall of the tide is symmetrical ; there 
is no lengthened cessation of ebbing and flowing at the 
period of low water ; and the range of tide is unmodified 
save by the additional rise due to the narrow frith through 
which the tide- wave passes. From Kincardine to the junc- 
tion, of the Oykell and Cassley, we have proofs no less 
evident of the modified flow of the tide peculiar to the 
‘‘tidal compartment.” Even at Bonar Bridge, one mile 
above the quarry^ the low-water level is 6 feet 6 inches 
higher than at, the stkion below. At low-water the tide 
remains within a ,/ew Inches of the same level for several 


hours, and its maximum range is reduced to about one-half Kivers. 
of what it is further seaward, while at the junction of the 
Oykell and Cassley it disappears altogether. Above this 
point no tide is known to affect the flow of the stream, which, 
being free from all tidal influence, may be 
termed the “ river proper.” 

We must here warn the reader not to These 
suppose that the boundaries we have traced boundaries 
as existing in the Dornoch Firih, and many not equally 
other places which the writer has inves- distinct in 
tigated, may be determined with the same ‘^^ses. 
precision under all circumstances and 
in every case. The observations to which 
we have alluded, are supposed to be made 
at periods when the river is free from floods and the sea 
unaffected by heavy gales ; moreover, the configuration of 
the bottom and shores of a river and estuary may, in 
certain cases, render the accurate determination of the 
boundaries very difficult. All that wc assert is, that these 
compartments do in some measure, moie or less defined, 
exist in all cases j and although not determined with tlie 
same careful precision as explained in the case of the Dor- 
noch Firth, wc have made observations of a more general 
character, and with comj>lcte success, to define approxi- 
mately the tidal compartments in many estuaries and rivers 
in Britain and Ireland. 

But there arc other data with which the engineer must 
be furnished before he can advantageously consider the quired by 
improvement of any part of a river. These data include the en- 
tile determination of its slope, velocity, and discharp, the gincer. 
nature of its bed and banks, and many other particulars. 

For full details as to the character and extent of such in- 
formation, and the means of obtaining it, we can only refer 
the reader to works on the subject of River and Marine 
Surveying.® Neither do w'c inciude in the present treatise 
any sketch or digest, however brief, of tlie interesting 
and gradual progress made by philosophers and engi- 
neers of the early Italian and French schools, in the theo- 
retical and experimental investigations of the laws which 
regulate the flow of water in natural and artificial clmiinels, 
which investigations form the basis of all our practice in 
hydraulic engineering. These lengthened and laborious 
experimental researches will bo found to be most fully dis- 
cussed — historically, theoretically, and practically— in the 
valuable article by Dr Robison on the Theory of Rivers, 
in this Encyclopedia (see Rivku), and also in the rc‘port 
made by Mr George Rennie to the Britisli Association on 
the progress and present state of our knowledge of hydraulics 
as a branch of engineering;' 

While we do not therefore propose to advert at length 
cither to the theoretical or practical details of the subject, 
still the whole of river engineering is so connected with, 
and dependent on, those physical characteristics of rivers 
which are termed the slope, the hi/drauUc 7nean depth, the 
velocUij, and the discharge, that it seems to be indispensable 
to a proper understanding of the subject that these elements 
should be defined, and that the relations which subsist be- 
tween them should be considered. The following defini- 
tions will suffice to ansvt^er the purpose in view : — 

1. The slope is the fall on the surface of the river, which 

is generally expressed in feet or inches per mile. tbns. 

2. The hydraulic mean depth is the quotient arising from 
dividing the sectional area of tlie channel in square feet by 
the wetted border or perimeter in lineal feet. 

3. The mean velocity is that velocity which is common 
to the whole cros? section of a strearh, and is represented 
by the discharge divided by the area of that section. 


1 Report by James Jardixie, C.B. ! . . 

^ Treatise on tho AppUcettum of Matrine Surveying jSydrovMiSry to tho Practieo of CimU JSngtneeringy by David Stevenson, C.B. Edin- 
burgh, 184:2. ^’Ruport b/ M'BHtish fir the Advanoemnt of for 1834. 
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Rivers. 4. The discharge is the quantity of water yielded by the 
stream in a given time, and is generally stated in cubic feet. 
Method of In the practice of engineering it is frequently necessary 
ascertain- to consider questions involving the relations which subsist 
ing dis- between these different elements, and many formulae have 
charge by proposed to facilitate this operation. The Chevalier 
menv Dubuat was the first investigator who, by discovering the 

' effects of the friction of fluids on their own particles, and 

on the bed along which they move, was enabled to apply 
his theoretical knowledge of'hydraulics to practical purposes, 
and his views and formulae will be found fully discussed in 
the article River already alluded to. The writer of this 
article has, however, found that such formulae are not gene- 
rally applicable, and it seems desirable to lay before the 
practical engineer the various results given by different for- 
mulae when applied under the same circumstances, in order 
that he may be cautioned as to relying on such a means 
of computation in cases where great exactness is requi- 
site. In order to ascertain the discharge of a stream or 
river, the writer has therefore in practice resorted to actual 
measurement. For this purpose, a situation was selected 
where the bed was tolerably uniform in its longitudinal 
and transverse outline. A correct transverse section of 
the bed or channel was made, and the section was di- 
vided into compartments. The surface velocity in the 
centre of each compartment was then taken by means of 
floats, or the instrument called the tachometer. These 
surface velocities were reduced to mean velocities for each 
compartment by Dubuaf s formula ; — 

. ( VV-l)^+V 

2 


or more simply, in cases where great accuracy is not re- 
quired, 

M=0’8V 


where Vs=thc observed surface velocity in inches per 
second- ^ 

M = the mean velocity in inches per second. 


We have found by means of the tachometer, used at 
different depths, that tliis formula expresses accurately the 
mean velocity of vertical of the stream to which 

the observed sur/’ace velocity is applicable. But as the surface 
velocity on the same cross section is not uniform tliroughotit 
the widtii of the stream, it becomes necessary, as already 
stated, to divide the section into compartments, so as to em- 
brace tlie maximum and minimum speeds. The areas of the 
dittereut sections being then multiplied by the corresponding 
mean velocities obtained by either of the above formulse, 
tile sum of the discharge due to the different compartments 
is held to give the total discharge of the stream or river. 
It is obvious that the accuracy of the result obtained by 
this process depends on the judgment with which the cross- 
sectional area is subdivided, and on the care with which the 
observations arc made. The operation is, in many cases, 
attended vvitli difficulties, and in all with a considerable con- 
sumption of time ; and many formulae have been proposed 
to shorten it. The writer has compared the computed dis- 
charge given by several of these formulae witli the dis- 
charge as ascertained by careful observations made in the 
manner described, and the following result is submitted for 
the information of engineers. 

formulae subjected to trial were 
Formula given by Dr Robison, founded on Dubuat’s 
investigations d 
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in which M=the mean velocity in inches per second, 
dl=the hydraulic mean depth in inches, 

S = the reciprocal of the slope of the surfiice 
which is the denominator of the fraction 
expressing the slope, the numerator being 
always unity (a slope of 1 foot a mile is 
therefore 5280 = reciprocal for that slope), 
Hyp. log. = the common log. of the number to which it 
is attached, multiplied by 2 - 3026 . 


II. Formula given by Sir John Leslie 


in which M=the mean velocity in miles per hour, 
a=tbe hydraulic mean (icptli in feet, 

/= the fall on the surface in feet per mile. 

III. Formula given by Mr Ellet for calculating discharge 
of the Mississippi :* 


M=0-8V^ 

in which V = the surface velocity in feet per second, 
d^ihe maximum depth of the river in feet, 
/=the fall on the surface in feet per mile, 
M=the mean velocity in feet per second. 


IV. Formula given in Mr Bcardmore*s tables 

M»Va2/x55 

in which M = mean velocity in feet per mile, 
a = hydraulic mean depth in feet, 

/=fall per mile in feet. 

V. In addition to these formula?, the writer also sub- 
jected to trial the formula : 

2 

in which M= the mean velocity in inches per second, ^ 

V=the maximum surface velocity in the axis of 
the stream in inches per second. 


In order to compare these different formulie, a very 
favourable situation was selected for aseeriaining tfie dl.H* 
charge of a stream by careful nn^asurenu nts of us Htetional 
area and of the velocities at different parts <il iis surlaee 
from the centre to either side, and the result cave a dis- 
charge of 1653 cubic feet per mintue, wlaelj, from various 
measurements, the writer believes to be a vctv m ar approxi- 
mation tt) the actual discharge. The slcq»e also accu- 
rately ascertained, and the folbwing m* the results 


Cilhlf 

Diflchargo from measurement &Jt above, pur lulnuSe. 

1«. By Uobison'e formula.... CCU 

By bfsHe’a do .2474 4»». 

Zd. By KUn'e do 27H4 tie. 

4th, By Benrdmore’s do tlo. 

6th. By formula aaijuming the mean de- 
duced from the centre surface velocity 
as the mean for the whole section ... do. 


It will be seen from tliis statement, that none of the for 
mute afford a near a{>proximation to the discliarge of the 
small stream to w liich they were apidied- 
Again, it was ascertained by the late Dr Anderson, afttr 
most carefully dividing the cross section into cor«}>artiiic*«ts, 
that the discharge of ^e main branch of the Tay at Penh 
was 147,391 cubic feet jK?r minute.* The writer has also 
ascertained the discharges, as calculated by tlie different for- 
mute as above, and the following are tlie results 


Rivers. 



2 ; also A Systtm of Mechanical Phihiopky^ by John Itobison, vol. iS., p. 453. 

Mtmmu of Natural Hilotophy, by Professor LesUe, Edinburgh, 1829, voL i., p. 423. 

3 me Misnrnppi and Ohio Mptrs, by Charles Ellet, PMladelphim 1853. 

Mydrauhe Tablet, by Katbaniel Beardmore, C.E , tendon, 1852. 4 include the WiHowgatOi nor Earn. 
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Cubic feet. 

Discharge per measurement 147,391 per minute. 

1st by Robison’s formula 153,632 do. 

2d „ Leslie’s 166,134 do. 

3d; „ Ellet’s 122,002 do. 

4«A „ Formula in Beardmore’s tables 166,569 do. 

5th jj Formula assuming the mean deduced 
from the centre surface velocity as the 
mean for the whole section 179,237 do. 


The result of these trials, and others which the writer 
has had occasion to make, is, that none of tlie formulae that 
have been proposed will be found generally applicable. As 
it is often convenient, liowever, to be able to approximate 
to the velocity or discharge due to a given area and fall, 
the following formula may be applied, and will, in most 
cases, give a pretty near approximative result, viz. : — 

a: = 

x'x. 5280 
60 

D =52? 

in which x = the mean velocity of the whole section of 
the stream in miles per hour, 

^ = a quotient which is found to vary from 0*65 
tor small streams under 2000 cubic feet 
per minute, to 0^9 for large rivers, such as 
the Clyde or the Tay, 
a = the hydraulic mean depth in feet, 

/ = the fail on the surface in feet per mile, 
z = the mean velocity of the whole section of 
the stream in feet per minute, 
s = the sectional area of the stream in feet; and 
D = the discharge in cubic feet per minute. 

It must still be kept in view that the application of any 
known formula to the determination of the mean velocity 
and discharge of a river is shown, by experimental inquiry, to 
afford only a rough approximation ; and that if a near ap- 
proximation is required, it must be obtained by means of 
observations embracing the velocities at different parts of the 
cross-sectional area, made in the manner already described. 

We must offer the further caution, that those rules 
whereby the mean velocity is deduced from, or is assumed 
as bearing any constant ratio to, the surface velocity, do not 
apply in many situations which are within the influence of 
the tide. As will be explained more fully hereafter, the 
fresh water of the river being specifically lighter, is to a 
certain extent borne up by and floats u])Qn the denser water 
of the sea. In surveying the Dee at Aberdeen in 1810, 
Mr Robert Stevenson found that, while there was an oui'> 
ward upper-current of fresh water, there was an inward 
under-current of salt water ; so that, although the upper 
stratum was constantly running toward the sea, there was a 
regular rise and fall of the surface produced by the influx of 
the tidal waters below. Another instance of such an un- 
der-current, though not occasioned by the presence of a 
river, was found to exist in a marked degree at the Cro- 
marty Firth by Mr Alan Stevenson in 1837. The waters 
of the Cromarty Firth pass to and from the sea through the 
narrow gorge between the Suters of Cromart}^, where the 
width is about 4500 feet, and the depth about 150 feet. 
The mean velocity due to the column of water passing 
this gorge, as deduced from the observed surface velocity, 
was not sufficient to account for the quantity of water ac- 
tually passed during each tide, as determined by measuring 
the cubical capacity of the basin of the firth. This led 
to the observation of the under-currents through the gorge 
by means of submerged floats, and it was found that dur- 
ing flood-tides the surface velocity was 1*8 mile per 
hour ; while at the depth of 50 feet the velocity was not 
less than 4 miles per hour, being an increase of 2*2 miles 
per hour. During ebb-tide the surface velocity was 2*7 
miles per hour, and at 50 feet it was not less than 4*5 


miles per hour, being an increase of 1*8 mile per hour. 
The existence of these under-currents is due to some ob- 
scure causes connected no doubt wuth the configuration of 
the bottom, and the circumstances under which the tidal 
wave approaches and recedes from the shore. The existence 
of a powerful oceanic under-current during the flood-tide 
may account for the increased under- velocity of the tide 
flowing into the Cromarty Firth ; and if we suppose a similar 
rapid under-cui*rent to sweep along the coast during the 
ebb-tide, the tendency would be to draw ofi‘ the water more 
quickly from the lower part of the channel between the Suters 
which forms the mouth of the firth, and thus to increase the 
velocity at and near the bottom during the ebb-tide, as also 
indicated by the observations to which we have alluded. It 
is evident that in all such situations the application of a 
common or mean velocity, deduced from the observed sur- 
face velocity, cannot be relied on as correct. 

As the slopes, velocities, and discharges of rivers are 
so important in all matters connected with the flow of 
streams, and may be useful for comparison in considering 
questions of river engineering, we give at the end of this 
article, in a tabular form, the physical characteristics of 
different rivers, embracing all the information we have been 
able to collect, with the sources from whence that infor- 
mation was obtained. 

We have considered it necessary to enter thus far into 
detail, to prepare the way for what is to follow, — Firnt^ 
Because it is quite impossible to consider and debign with 
advantage the improvements of a river without a correct 
knowledge of its physical characteristics, as developed in 
the course of such investigations as we have described. 
Such information cannot in every case be procured with 
an equal amount of precision, but the more complete 
and detailed it is, the more confidently and advantageously 
will the engineer proceed to form his design. Secondly^ 
We have been particular in defining the physical boundaries 
of rivers, because the remedial means which call for the engi- 
neers consideration in designing improvements on the three 
compartments which they include, are not less distinct than 
the different phenomena which have been described as 
their peculiar characteristics. In proof of this, it may be 
stated generally, that the works on the ‘‘ river proper” 
section consist chiefly in the erection of weirs, by means 
of which the water is "dammed up so as to form stretches of 
canal in the riveris bed, with cuts and locks between the 
different reaches. The “tidal compartment” embraces a 
more varied range, including the straightening, widening, 
or deepening of the courses and beds of rivers, the forma- 
tion of new cuts, the erection of walls for the guidance of 
tidal currents, and in some cases the shutting up of sub- 
sidiary channels ; while the seaward compartment” em- 
braces all works connected with the improvements or re- 
moval of bars and shoals. 

On these subjects we shall have to enter at some length; 
and in treating of them it may be most convenient to con- 
sider the question of river navigation under the three fol- 
lowing sections, viz, : — 

The upper compartment, or “ river proper.” 

2d, The intermediate compartment, or “tidal river;” and 

3d, The lower compartment, or “sea proper.” 


Rivers. 


SECT, III. — ^TIIE “river PROPER” DEPARTMENT. 

The magnitude of a river is, under certain conditions, 
proportional to the extent of country which is drained, rivers pro- 
as will be seen by reference to the table at the end of this portionul 
article, and all our ideas regarding rivers, as affording the of 

means of inland navigation, must necessarily be to 
extent varied to meet the different physical characteristics of 
different countries. Thus, in continents we find riversof great 
magnitude, fed by tlie drainage of vast tracts of surrounding 
land, rolling their contents in a broad, deep current to the 
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Rivers, ocean, and alFording a highway for vessels of the largest 
class to pursue their course for hundreds of miles into the 
interior of tlie country. Of such is the Mississippi, which, 
according to Mr Ellet, main tain sS, for a distance of ne«uly 1200 
miles above New Orleans, an average breadth of 3^00 feet, 
and a depth of 115 feet. The Ohio, which joins it at this 
place, is navigable to Pittsburgh, where the writer of this 
a tide has seen from thirty to forty large-sized steamers 
lying at the quays of that truly inland port, which were all 
engaged in trading to New Orleans, on the Gulf of Mexico,^ 
being a river navigation of upwards of 2000 miles. 

In considering the improvement or maintenance of such 
a navigation as this, the engineer has to deal chiefly with 
the control of the discharge duo to the rains of the district 
through which the river flows. His difficulty docs not so 
much consist in deficient deptli or breadth of navigable 
channel, as in the magnitude of the floods with which he 
has to contend, and the provision he has to make for retain- 
ing them within such limits as to secure the safety of the 
surrounding district 

In less extended tracts of country the rivers are propor- 
tionally smaller ; and when we come to consider our own 
island, we find that its area and drainage are altogetlier in- 
sufficient to afford depth and breadth of water for extended 
inland navigation. This will readily be understood when 
the areas of the basins and tlie discharges of some of our 
largest rivers are compared with the Mississippi, to which 
we have alluded. For example, according to the table to 
which we have already referred, the Tay drains 2283 square 
miles, and discharges 274,000 cubic feet per minute 5 tlie 
Clyde drains 945 square miles, and discharges 48,000 
cubic feet per minute ; the Mississippi drains 1,226,600 
square miles, and discharges 76,800,000 cubic feet per 
minute. 

The Mis- we believe, bo considered inappropriate to 

sissippi. the subject we are discussing, to offer a short sketch of 
what is undoubtedly the most gigantic river navigation in 
the world, taken from the elaborate work by Mr Charles 
Ellet, on the Mississippi and the Ohio. It apjK'ars, from 
the information given in that work, that tlie !Mi>M-Nippi 
varies from 2200 to 5000 feet iii widtl), the average width 
being assumed as 3300 feet. It is from 70 to 180 feet in 
depth, the average being 115 feet. The area of the cross 
section varies from 105,544 square feet to 268,646 square 
feet, the average being 200,000 square feet. The length, 
from its junction with the Ohio to the Gulf of Mexico, is 
1178 miles, and its average descent at full water k 3 J incbc .4 
per mile, and in al>sencc of floods (or during summer and 
autumn) 2 - 3 ^ inches per mile. The length of the Ohio, 
from Its junction with the Mississippi to Pittsburgh (Uie 
head of the navigation for large vessels), is 975 rtules, and 
the average inclination is about 5J inches per mile* From 
Pittsburgli to Olean Point the distance is 250 miles, and 
the inclination 2 feet 10 inches per mile. When the water 
is high, steamboats have ascended to Olean Point, which is 
2400 miles from the Gulf of Mexico ; and in doing so, have 
had to overcome a current which at some places runs with 
a velocity of 5 miles per hour. This, however, is chiefly 
in the upper part of the river. Generally speaking, vessels 
have no difficulty, in the longer or more open part of the 
streant), in avoiding the strength of the currents by keep- 
ing in-shore. But in the Ohio much inconvenience is 
felt‘(kring dry seasons from the currants at certain parts 
of the river 5 and the writer lias seen a steamer, when deeply 
loaded, unable to overcome them until assisted by a warp 
attached to <m anchor dropped ahead of the vessel, in the 
middle of the channel, by which, after considerable (teten- 
tion, she w^ ‘^warped through tlie rapid.” The discharge 
of the Mississippi is computed hy Mr Ellet, at high 


water, at 1,280,000 cubic feet per second; and its drain-” 
age he estimates at l,226,i)00 square miles. When the ' 
autumnal rains set in, tlie river rises above its summer level 
to the enormous extent of about 40 feet at tlie mouth of 
the Oliio, and 20 feet at New Orleans. In investigating 
the physical characteristics of this mighty stream, I^Ir Ellet 
found — That the average surface velocity in tlie centre 
of the river was 5 miles per hour, and occasionally the 
speed reached 7 miles per hour; 2 //, Hy using under- 
current floats, he found that tlie spee d of a float, supporting 
a line of 50 feet long, was always grt‘ater than that of the 
surface float — the uveragi* increase of velocity lK*ing 2 per 
cent; iW, The results of the ixperinu nts madt*, lead him 
to conclude that tlie mean vdocity of the Mississippi is 
about 2 per cent, greater timn the mean surface velocity ; 
4^//, In coming to this conclusion, no account is taken of 
sucii observations as show remarkable under-currents, the ve- 
locity of which were in some places ftnmd to be 17 percent, 
and 20 ^ per cent, greater than die surface velocities ; o/fA, 
While the mass of water which the channel of tlie Mis,*-isHippi 
bears is running downwards with a central vtdocity, the 
current next the shore is sometimes found to be running 
upwards, or in the opposite direction, at the ratti of I to 2 
miles per hour; 6 ///, While the water is running down- 
wards in tlie one side of the river, it is often found with an 
appreciable slope, and visible current running upwards on 
the other side of the river; 7M, The surface^ of the river 
is therefore not a plane, but a peculiarly complicatctl warped 
surface, varying from point to point, and inclining alternately 
from side to side. After considering xill tlie conflicting rt*sult,s 
derived from his investigations, Mr Ellet, in order to obtain 
the mean velocity and discharge of the river, employed 
the formula as already noticed,*— 

kV <tj -p. 


Rivera. 


if) 


2f) 


Mr- 0-8 V 
and 

where V = the velocity of centra! surflict* current in feet 
per .second, 

maximum depth of river iu feel at place of 
observation, 

/sr, slope orsuriact‘ in teet jht inihs 
the mean velocity in let t per second, 
o=-"arcii of cross section of river in feet, 

1) diMcharge of river iu cubic feet per second. 

In discusHing the variuus fommlit? for velociticH and dis- 
charges, we have seen that the formula Ufiplied to tin* Mi?t- 
mssippi by Mr Ellet doea not apply to such rivers as the 
Tay, or to smaller water-courses; and until the result which 
he has given Im been compared witli the xHk harge ob- 
tained by actual measurement of the vc locitien at ditTerent 
parts of tlie cross st^ction, we <lo not think that the tli?^charge 
of the Mississippi, which has been caiewkued by Mr Ellet, 
can he relied on m accurate. 

The chief object of the investigations made by Mr Ellet 
was the prevention of floods, which have recently increased 
botli^ in number and extent. This he attriliuttn— 

Fir^, To extended cultivation, by which evapciratkm is 
suppoised to be diminislied, the drainage increaseil, mid the 
floods hurried forward more rapidly into the eouniry below. 

JSecondfy, To the extensborof the embankments along 
die banks of the Mississippi and its tributaries, by wbieii 
water tliat was Ibrinerly allowed to spread is now conliiied 
to the channel of the river. 

Thirdfy, To what are termed cut-offs, or straight enli, by 
which the distance is shortened, um\ the slojjc and vekH:ity 
incr««sed, so tliat the water is brought down titore rapidly 
from die country above. 


^ Bkuch 0/ CiPil Mnginming of Mrtk America, hy David Stevaason, C.E, 
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Fourthly^ To the gradual extension of tlie delta into the 
sea, so as to lengthen the lower course of the river, to 
diminisli the slope and velocity, and thus to throw back the 
water on the land above. 

The works suggested for protecting the country against 
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floods are — 

First, More sufficient embankments. 

Second, The prevention of further cut-offs, or works for 
straightening the upper parts of the tributaries of the river. 

Third, The enlargement of the seaward channels or out- 
lets; and 

Fourth, The creation of large artificial reservoirs, by plac- 
ing dams across the outlets of the lakes or distant tributa- 
ries, so as to compensate for the loss of the natural overflow 
of the water, which is checked by the embankments for 
protecting the country in the lower part of the river. 

An interesting account has been given by Mr Shepherd^ 
of, certain improvements on the Danube, to which we 
shall very shortly refer. The navigation of that river was 
greatly impeded by tlie constant shifting of its course after 
every flood. Its channel was divided into numerous 
branches, and the main object of the improvements was to 
shut off these lateral branches, and to cause the river to flow 
in one central channel. This was effected by means of a 
series of spurs or jetties, made of bundles of brushwood, and 
thrown out from either side of the river. The brushwood 
was laid down in its green state, and, taking root, each spur 
or jetty, after a few years, formed a thick massive hedge, 
which now prevents the stream from making further ravages 
on the banka, and confines it to one central channel, scour- 
ing out a depth sufficient for navigation. This system of 
embanking with faggots has been, according to Mr 
Shepherd, the means of rescuing thousands of acres of 
land on the Danube, at a coat of not Is. per acre. These 
improvements have, it appears, been effected in what were 
the most dangerous parts of the river, and have, it is stated, 
in connection with an improved organization of pilotage, 
been of great benefit to the traffic of the Danube, which is 
now carried on almost uriinterruptedly, it being a very rare 
occurrence to hear of any of the steamers getting aground. 

Although it has been considered proper to allude thus 
briefly to the large continental rivers, yet it Will be obvious 
that the magnitude of such a river as the Mississippi, for 
example, prevents us fi’om applying the special results and 
Observations of Mr Ellet to rivers in this country. Indeed, 
the fresh -water or upper compartments of our rivers are so 
small, and their navigation is so limited, that we have little 
to say under that head which can be applicable to the 
British Isles. 

Our streams cannot, like the Mississippi or other large 
rivers, be advantageously navigated in their natural state ; 
and the means employed to render them navigable may be 
said to consist in throwing dams across their beds, so as to 
convert them into a succession of narrow lakes or pools, in 
which the water is dammed up to such a height as to afford 
sufficient depth for small boats. 

In early times this was effected by means of what w'-ere 
called ‘‘stanches.^’ Sir William Cubitt states that when 
he undertook the improvement of the Stour in Essex, there 
were thirteen stanches along the course of the river. These 
stanches consisted of two substantial posts, which were fixed 
In the bed of the river, at a sufficient distance apart to per- 
mit a boat to pass easily between them, and connected at 
the bottonr by a cross cill. Upon one of these posts was a 
beam turnirig oh a hinge or joint, and long enough to span 
the opening. When the “stanch'* was used, the boatmen 
turned the beam (Which was above the level of the water) 
across the opening, and placed vertically in the stream a 


number ofnarrow planks resting against the bottom cill and Rivers, 
the swinging beam, thus forming a weir which raised the 
water in the stream about 5 feet high. The boards were 
then rapidly withdrawn, the swinging beam was turned 
back, and all the boats which had been collected above 
were carried by the flow of water over the shallow below. 

By repeating this operation at given intervals, the boats 
were enabled to proceed a distance of about 23 miles in 
two or three days. 

This primitive system, which was at one period very Dams and 
common in England, has been superseded by throwing per- locks, 
manent dams across the river, so as to convert its channel 
into a series of deep-water reaches, and the boats pass from 
one reach to the other by means of side-cuts with locks. 

The same plan has been extensively carried out in many 
of the smaller rivers in America, and is there called “still- 
water navigation.” It has been executed on a pretty large 
scale by Sir William Cubitt on the upper part of the Severn, 
where the river has been divided into four reaches, having a 
depth of 6 feet, with side-cuts and locks having a lift of 8 
feet each. The difficulty attending such an operation is 
the impediment which the weirs present to the passage of 
the river during floods ; but in the case of the Severn this 
difficulty seems to have been overcome. Sir William 
Cubitt says the object of these weirs was to raise the water, 
and to retain it at a proper height for the navigation of the 
shallow parts of the river, without opposing such barriers as 
should prevent the free discharge of flood- water ; and that 
this end has been completely answered, there being a 
depth of 6 feet of water at all times whore there was for- 
merly only a depth of 18 inches, and duribg floods the back- 
water does not rise higher than before the establishment of 
the weirs. A similar result may, he believes, be always at- 
tained by making the obliquity of the weirs sufficiently 
great.® The same system has also been adopted by the late 
Mr Rendel and Mr Beardmore, for the improvement of the 
navigation of the River Lea, an account of which has been 
commimicatefd by Mr Beardmore to the Institution of Civil 
Enmneers.® 

' The arguments, however, against canals, in consequence 
of the greater facilities afforded by railways, seem to apply 
with equal force to the upper compartments of rivers 
their dams and locks ; and as it is noi likely that such a 
system of inland navigation will receive much extension, we 
shall, without further detail, proceed to consider tidal navi- 
gations which arc more intimately connected with the com- 
mercial interests of the British Isles, and consequently 
occupy a more important position in the hydraulic engineer- 
ing of this country. 


SKCT. IV. — TIDAL OOMPATITMKKTS OP RIVKUS. 

It is perhaps necessary to preface our observations on this jg 
branch of the subject by explaining what is implied by a meant by 
“tidal navigation,” as distinguished Irom such large fresh- the term 
water streams as the Mississippi, or those smaller streams 
forming the upper compartments of our own rivers, both of 
which we have been considering. In the former case we 
saw that the art of navigation is most succesi^fully and ex- 
tensively practised on the fresh-water streams of the large 
continental rivers ; while in the latter ease it was shown that 
even by the aid of artificial weirs and locks, the largest rivers^ 
of this eountry could* only be made navigable for vessels of 
the smallest class. We learn fobm this, as has also been 
stated, that the comparatively limited extent of our isolated 
country does not afford sufficient area for the collection of 
so large an amount of rain and spring water as to render 
our fresh-water streams available for the pur|X)ses of nayi- 


^ Civil and Architects^ Journal, rot xii., p. 321, 

* Trcmacticm of IhsUmion of Civil MnpiumSf rot r. 


® Ibid., vol, xiii., p. 241. 
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gation. The amount oP fresh water which they discharge 
varies as the river floods rise and full ; and even at its maxi- 
mum its effects in the lower portion of our estuaries is but 
feebly felt, as more fully explained hereafter in section vi., 
under the head o£*^J5ars/^ Our rivers, indeed, may be re- 
garded simply as creeks or inlets, formed and kept open, 
not by the fresh-water stream alone, but mainly by the 
action of the tide ; and may be said to be navigable only 
when their channels are filled hy the influx of water from 
the ocean. The great agent, therefore, in keeping open 
and deepening our navigations is to be found in the tidal 
flow, which not only scours and maintains the sea channels 
of our rivers, but also increases their depth of water. Nor 
is this all : another most important advantage derived from 
the tides is that \ipward current due to the tidal rise, which, 
at first checking and ultimately overpowering and reversing 
the flow of the ebb-stream, carries vessels to their port, far, 
it may be, into the interior, without the aid of either steam or 
wind. This is a view of the subject which cannot fail to 
strike even the most superficial observer, when he sees, on 
the Thames or Mersey, for example, a vast fleet of vessels 
of all sizes, and from all countries, hurried on by the silent 
but powerful energy of the flowing tide. How invaluable 
is such an agent to the commercial interests of this country ! 
If, indeed, the action of our river-tides were suspended, it 
might truly be said of the steam j)ower employed on our 
railways, that its occupation would be gone. Nor need we 
do more to enforce the wide-spread interests of the subject 
than remind the reader that the ports of London, Liverpool, 
and Glasgow, not to name less important places, are entirely 
dependent on tidal navigation for their existence. 

From what has been said as to the physical boundaries 
of rivers, it will be apparent that the extent to which this 
tidal influence is felt varies in different situations. Where 
the slope of tlie river is gentle, and the channel is com- 
paratively clear and unobstructed, it is felt far up the river, 
as in the case of the Thames, where it reaches Teddington 
Weir, 65 miles from the Noro; and in the Tay, where it 
reaches its junction with the Almond, 35 miles from the 
bar. In other cases, such as the I^ine in Lancashire, or 
the Dee in Clicsliire, the tidal flow is suddenly checked by 
artificial weirs erected in tlic bed of tije river for the supply 
of mills. In a third class of rivers tlie upward flow of the 
tide is almost neutralized by tbe existence of natural ob- 
structions, as in the case of the Erne at Ballyshannon, where 
it flows only about 3, and the Ness, where it flows only 
about 6 miles up the river. 

Now, the great object of the engineer, in dealing with 
what we have termed the “ tidal compartment of a river,” 
is to increase the tidal injiuence^ or, in other words, to 
facilitate the propagation of the tidal xvave through the 
estuary or river for which he has to design works, and it 
will be found in the examples we have liereafler to offer 
that, with proper management, this desirable improvement 
may be surely accomplished, and its amount accurately de- 
termined, But that the subject may be fully understood, 
it is necessary that we should in the outset explain the na- 
ture and laws of tidal propagation’^ and ** tidal currents” — 
phenomena attending the tides of our rivers and estuaries 
which must be duly recognised and estimated in all de- 
signs for improvements which are based on sound principles 
of river engineering. 

The tidal wave which enters an estuary is a branch of 
the great tidal wave of the ocean. Mr Scott Russell was 
the first experimental inquirer who conducted investigations 
on the tide wave of estuaries, Mr Russelfs observations 
were made on the Dee in Cheshire, and the Clyde, and 
the results which he obtained may be briefly stated as 
follows : — 


L The great primary wave of translation differs from Riyers, 
every other species of wave in its origin, its phenomena, 
and its laws. Laws of 

2. The tide wave is identical with the great primary its propa- 

wave of translation. gation. 

3. In a rectangular channel, the velocity with which the 
tidal wave is propagated is equal to the velocity acquired by 
a heavy body falling freely by gravity through a height 
equal to half the deptJi of the fluid, reckoned from the top 
of the wave to the bottom of the channel. In a sloping or 
triangular channel the velocity is that of a gravitating body 
due to ^d of the greatest depth. In a parahedic channel 
the velocity is that due to Jths or of the greate.st 
depth, according as the channel is convex or concave. And 
generally the velocity is that due to gravity^ adiny through 
a height equal to the dtpth of (he centre of gravity of the 
iramverse sectiofi of the channel bthw the mrfnee (f the 
fluid. 

4. The velocity in channels of tmiform deptli is inde- 
pendent of their breadth. 

5. A tidal bore is formed when the tvatcr is so shallow 
that the first waves of flood move with a velwicy «o much 
less than that due to the succeeding parts of tlte tidal wave 
as to be overtaken by the subsequent parts, or whenever 
the tide rises so rapidly that the height of the wave of 
tile tide exceeds the depth of water at that place. 

6. A wave of higli-water of spring tides travels fiister 
tlian a wave of high-water of neap tides. 

Those laws are supposed to apply to the passage of the 
wave through channels having a pretty uniform depth and 
form of cross section ; but the very irregular outline of the 
beds of most of our tidal channels renders it almost always 
difficult, and in many cases irnpossibltN to apply them rigidly 
to cases which occur in actual [practice. The uriter may, 
however, state generally, in corrohoration <»f the correctness 
of Mr Husseirs deduction'^, that after investigating tlie 
tidal phenomena of many e<tuarit‘s and rivers, he 1ms loiuid 
that in all cases the qui<‘kcst propiLrati/^u of the tidal wave 
occurs at those places where diere is the greati^st average 
depth ; but the varying outline of the cro<H Heetion renders 
it almost i^lJso^wiI)h•, in most cases, to determine what h 
the ruling depth for calculating the rates of propagation in 
any jiarticulur se ction <jf the Hut. Li the I>orn<*ch Firth, 
to whidi we have ulrtmiy nlhidetl, tlie w filer found that tlie 
distance of II miles beiwi en Fortmaliomat: and Metkle- 
ferry is traverse«l hy the tide-wave in thirty tninutc?*, giv- 
ing a velocity of 22 milifs per hour. The depth of the? water 
of that part of the flrth varies from J) to 50 feet, lietween 
Melklefcrry, again, and the Quarry, a di^ance of H m\k% 
where tlm depth k mwcli less, varying fnim 0 to 20 teec, 
the tmnrit of the wave occupies 65 minutes, giving a 
speed of 6*4 miles per hourJ Between the Quarry and Uonar 
Bridge, a distance of 1 mile, the water h a-aiuly 
shallow, varying from I to 3 fet% and the rise on the 
bed of the river is very rapid. In consequence of these ob- 
structions, the tide does not appear at Bonar Bridge for an 
hour and a half after it has appeared at the Quarry, giving 
a rate of propagation of only two-thirds of a mile |H*r hour. 

From observations made by the writer at the Dornoch Firth 
and elsewhere, it appears evident that, in addition to the 
elements on wfiich tlie law*s of prnpiigaiiiui as quoted are 
based, the slope on the surlace of the stream in tidal rivers 
affects to some extent the rate of propagation, indeper.dcntly 
either of the depth or cross-sectional form of the chaiine! f 
but it will be more convenient to notice this at a subse- 
quent part of this treatise. 

Now, the obstructions which are most frequently found Ob t&dai 
to operate as retarding influences are, the circuitous routes bich 
of the channels of rivers, inequalities in their be^ die pro- ap«rat« in 

retardittg 

tfikl wtm 


^ The times are tha intervals which elapse between the first appearance of the ti«Jc at the fiifierent ftatloas. 
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Rivers, jection of obstacles from their banks, and in certain circurti- 
stances the slopes of their surfaces. The combined effect 
of these obstructions is such as in all rivers to check the 
propagation of the tide-wave ; and in situations where there 
is a great and rapid rise of tide, to heap up the water in the 
lower part of the river, and so to occasion what are termed 
bores,” and other apparent anomalies. In the Dee, for 
example, there is at low- water a fall of 1 1 feet from Chester 
to Flint, a distance of 1 2 miles ; and on one occasion the 
writer found that after the tide had risen 18 feet 4 inches 
at Flint, it had not commenced to flow at Chester. While, 
therefore, at low- water there is a fall seawards of 1 1 feet 
from Chester to Flint, there was at the time alluded to a 
fall from the sea downwards, so to speak, of no less than 7 
feet 4 inches from Flint to Chester. Fig. 2 is a diagram 



of these tide lines, which will illustrate more clearly the 
effect of this heaping up of water in the seaward part of 
the river. The lower line represents the surface of low- 
water, and the upper line shows the surface at the period of 
flood-tide to which we have alluded.^ In this case the 
small depth of water, and tortuous and unequal channel, 
retarded the early waves of flood- tide so much, that they 
were overtaken by the succeeding waves ; and, in accord- 
ance with Mr Russel’s theory, a tidal bore was the result, 
or, in other words, the water was heaped up so high, and 
the slope was consequently so great, as to cause the water 









' • • ^ ^ 


Fig. 8. 

to tumble over, and ascend the river in the form of a break- 
ing wave. 


The manner in which such tides flow up an estuary may Rivers.- 
be explained by a simple illustration. In fig. 3 the letters 
a, b, c, d represent a part of the low- water channel of the River Example 
Dee, at a place where the estuary is about 3 miles wide, and of a tidal 
consists of extensive sand-banks. In examining minutely on 
the windings of the stream in reference to certain invest!- 
gations, it was necessary to walk down the right bank of 
the river at low- water, close to the edge of the channel. 

While so engaged, the writer crossed at the point a hol- 
low in the sand-bank, which, though depressed below the 
general height of the surrounding surface, was nevertheless 
quite dry, the lowest part of the track being considerably 
above the level of the water of the river. Crossing this 
hollow, the noise of the approaching tide was heard ; and 
expecting to meet the flood forcing its way up the river, 
he continued to walk on ; but seeing no appearance of its 
approach by the proper channel, and still hearing the noise 
gradually increasing, and apparently coming from behind, , 
he turned round and perceived a rapid run of water flowing 
(in the direction shown by the arrow) through the hollow 
deb^ which had just been crossed, and emptying itself into 
the river at h. He immediately hastened back, and after 
having waded through the newly-formed stream at which 
had attained a depth of 6 or 8 inches, he remained on its 
upper side to see the result of this unexpected inroad. The 
water continued to rush through the hollow, rapidly gain- 
ing breadth and depth, and at last, after an interval of 2 or 
2i minutes from the time at which the noise was first heard, 
the tide appeared forcing its way up the proper channel of 
the river with a head or bore of 6 or S inches in height. 

In this case it is clear, from what has been said as to the 
slope on the river from Flint to Chester during the early 
periods of tide, that the level of the water at d in the dia- 
gram would be above that at ft. The tide, on arriving at 
the point d^ would be naturally divided into two branches or 
currents, one proceeding up the natural channel towards c, 
and the other flowing into the hollow in the sand- bank at d 
towards e; and as the level of the water at d rose, the stream 
which flowed into the hollow in the sand-bank would gra- 
dually rise higher until it surmounted the summit-level at 
e, after which it would rush from e to ft without obstruc- 
tion. The other branch of the tide would in the meantime 
be forcing its way along the circuitous channel deft, which 
was about a mile in length ; and before it reached ft, the 
water at d had attained a much higher level than at ft, and 
having surmounted the summit-level of the sand-bank at e, 
continued to flow without obstruction into tlie channel of 
the river in the manner represented. Thus in all [)laces 
where the retarding influences which exist in the regular 
channel of the river exceed the obstructions in any back 
lake or swash-way^ the tide will flow sooner through the 
latter than the former, and give rise to an apparent ano- 
maly such as has been described. 

The late Admiral Becchey, in his Remarks on ike Tided Bore on 
Phenomena of the River Severn^ published in 1851, gives the Severn. 


^ The writer has found, that in all cases the heaping up of the water increases with the rise of tide, being greatest in spring and 
least in neap tides ; as will be seen from the following tabular views of the maximum difference of level between the surface of the water 
at Flint and Chester on the Dee, and (to offer another example) at Glasson and Lancaster on the Lane, during the dow of tides of various 
amounts of vertical range. 


River Dee. 

River Lnne. | 



Maximum fall 



Moximnm fiall 

Date. 

Rise of tide at 

from Flint to 

Late. 

Rise of tide at 

from Glasson to 


Flint. 

Chester. 


Glosson. 

Lonoaster. 

1839. 

Ft. in. 

Ft. in. 

1838. 

Ft. in. 

Ft. in. 

May 21 

14 0 

a 8 

Aug. 29 

12 1 

1 1 

„ 23 

15 6 

4 5 

,, 31 

12 9 

1 6 

„ 25 

16 4 

5 8 

Sept. 1 

15 4 

2 0 

,, 29 

18 0 

6 6 

„ 3 

19 8 

2 10 

June 10 

19 8 

7 10 

« 3 

23 2 

3 2 


j 


6 

23 6 

4 4 
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Birers. the follo'vi^lng interesting account of the bore on that river ; 

“ The bore,” he says, “ is not dangerous to boats if afloat 
in the middle of the river ; and it is the common practice 
up the Severn to row the boats out to the centre of the 
stream on the approach of the bore, and put their head to 
the wave; but if this precaution be not taken, and the 
boats are allowed to remain at the edge of the shore, they 
are liable to be swamped or stove, as the waves break with 
great violence along the banks as it proceeds ; but towards 
the centre of the river, if the water be not very shallow, 
the wave is smooth and unbroken. Before the arrival of 
the bore, the stream runs down the river, 'and the altitude 
of the water at a distance from the sea is quite stationary ; 
but on the arrival of the bore, the water instantly rises ac- 
cording to the height of the breast of the wave, and the 
stream turns and follows the wave up the river, although 
it had but a few minutes before been ninning down at a 
rapid rate ; and this change of stream is effected without 
any bretdeing wave. When there is a heavy fresh down 
the river, and the stream is running at the rate of four or 
more miles an hour, the upward stream hangs for several 
minutes after the bore has passed, not being able to over- 
come at the moment the impetus of the ebbing water ; but 
when it has once turned upwards, it attains its maximum 
speed in the first half hour of the tide. When the reaches 
of the river are straight, the bore travels evenly up the 
river, but at the turnings it is thrown off towards the fur- 
ther side, where it rises higher than in the straight reaches ; 
thence it recoils and impinges upon the opposite shore, 
and so, like a disturbed pendulum, it oscillates from side to 
side, and only regains its steady course when the reaches 
lengthen. The highest tide of the year rolled up the Se- 
vern on the 1st of December. There was about 2 feet of 
water above the ordinary summer-level in the river, and 
the morning was calm and favourable to the phenomenon. 
The stream at low-water ran down at the rate of 2J miles 
(geographical) per hour, until the time when the bore came 
rolling up the river with a breast from 5 to 6 feet high at 
the sides, and 3 feet 6 inches in the centre. The wave 
was glassy smooth ; and as it advanced towards a spectator 
stationed at Stonebench, a singular effect was produced by 
the distorted surface of the w^ave reflecting the rising sun, 
and brilliantly illuminating the stems and branches of the 
wood skirting the river as the bore passed along — on effect 
which greatly enhanced the interest of the phenomenon, 
which is at all times an object of curiosity. The stream 
turned up the instant after the bore passed, and ran at the 
rate of miles per hour, which was about half die average 
rate of the bore, the speed of which varied from 12 to 7 
miles per hour, averaging 8 between Stonebench and Glou- 
cester.” Admiral Beechey further says, ‘‘ that the effect of 
a fresh, or a certain depth of water in the river, upon the 
advance of the bore is remarkable. At dry periods the 
great obstruction to the progress of the bore lies between 
Sharpness and Bollowpool, and at such times the many 
dry sand-banks prevent the bore attaining a rate greater 
than about 4 miles an hour ; but when the river is under 
the influence of freshes, and the water raised and covering 
some of the banks, it appears to roll on at a rate of 10 miles 
an hour in opposition to the stream, which runs down at 
the rate of upwards of 4 miles an hour.” 

Tide cur- But the passage of the tidal-wave through an estuary 
rents. or river, must not be mistaken for what is called the 
tide current,” which is a totally different phenomenon. 
The tidal-wave which we have been describing as passing 
through the lower port of the Dornoch Firth, for example, 
at the rate of 22 miles per hour, is not the current due to 
the flowing tide by which vessels are carried across the 


bar, and borne onward to tlieir destination. That current Rivers, 
flows with a velocity which at the Dornoch Firth docs not 
exceed 4 or 5 miles per hour ; a velocity which, indeed, is 
not often exceeded, excepting in such rapid tideways as the 
Severn, at the New Passage, where the velocity is said to 
reach 9 miles per hour and in the Pentland Firth, where 
Captain Otter measured a velocity during ebb-tide of no 
less than lO^^th nautical miles per hour, ^ being, so far as we 
know, the greatest tide velocity on record. The laws of 
the propagation of the tidal wave, to which we first alluded, 
depend, as explained, on circumstances somewhat obscure ; 
but the velocity of the tide current, or that current which 
flow's into our rivers, and affects the transit of shipping, is 
due entirely to the slcpe or fall on the surface of the tmier^ 

Tlie amount of this slope has been sljown to be dependent 
on the rapidity with which the tide rises, and the amount 
of obstruction presented to its propagation up the river. 

The more rapid the rise of tide, and the greater the ob- 
struction to its flows the higher will the tide-wave at cer- 
tain parts of a river or estuary be heaped up. A heatl of 
water is thus formed whose height is due to the rapidity of 
the rise of the tide and the obstruction to its progress ; and 
a flow of water having a velocity due to that head is gene- 
rated up the river or estuary, and tliis flow of water is what 
wc term the tide current 

This is probably the most convenient place to notice By inersw* 
some facts of great importance in river cngujccring, which Ingthtm# 
we deduce from these considerations, as to the nature of tidslpro* 
the tidal propagation and tide currents. The obstructions 
to which we have alluded retard the rate of 
but by raising the head, they increase the velocity of thf 
tide currents. Now, as the aimi, and, if successful, the thi» Util 
effect of all engineering works, is to increase the rate of cumata 
tidal propagation, no less certainly will tliey tend to lessen 
the heaping up of water in the lower reac!*es, and at the 
same time to decrease the telocii// of the tide currents. In 
cases where these currents are found to act prejudicially 
by producing a bore, or by bringing up sand from the lower 
parts of the estuary, or where they are inctitiveuiently 
rapid for navigation, we are tims, while increasing the pro- 
pagation of the tidal wave, enabled to check their etiergy, 
and thus to effect an important improvement. 

Another imjHjrtant circumstance is worthy of notice at Thi»ltTdi 
this place. It is w'ell kmm-n that the momentum of thcofliigli- 
column of water, flowing up the gradually amtrmtmg and wat«r aat 
rising channel of a river, causes the level of fngh-water 
suind higher than in the ojjen ocean or in the lower reaches. 

This is accounted for, m tdready statetl* on the prin-j,ii|^^ 
ciplc of die conservation of forces* The height to which ^ 
the water is thus raised depends on the quantity of water 
thrown in by the tide during a given time, the elevation 
being greatest at spring, and smallest at neap tides. At 
the Dee, for example, the writer found that the high-water 
of spring tides at Chester was H incfies fiiglier than that 
at Connalfs Quay ; wlulc at neap tides die difference of 
level was onlv 4 inches* Now, the effect of i uing 
w'orks, as will be more fully detailed hereafter, is not only 
to produce a free propagation of the tide, but to atlinit a 
larger body of tidal water; and it has been contended tliat 
such operations must necessarily cause the tide to rise 
higher, and it has been attempted to be shown that they 
might in sonie situations occasion inconvenience, and even 
injury to property, in consequence of the j of the 

rivet's banks. After die most careful obsm^ation, however, 
the writer has not been able to detect tlmt such ojierations 
have in any case had the effect of appredahly raising the 
level of the high-water line. Although the tkle in improved 
rivers begins to flow earlier, and a much larger btKiy of 


^ Mipon to the Admirahv on the Severn Improvement HtU^ 1849, by Captain Vateh* 
^ AdmixUeg Stmtey of Pmtimd Mnk, by Captain Ottar, Admiralty coasting pilot. 
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Rivers, water is thrown up tlie river, still, in conformity with the 
views already stated, the velocity mth which the water 
flows is decreased, so that the momentum of the column 
of water remains nearly the same, or at least is not so notably 
altered as sensibly to increase the height to which the 
high-water rises ; and by this fortunate compensative action 
our rivers, though their beds are opened up and improved, 
do not inundate our towns or even overflow our quays, but 
quietly keep within their original limits. 

Removal The removal of all obstacles to the flow of the tide is the 
of obstruc- object, as already stated, to which the engineer has chiefly 
tions to tQ direct his attention in designing improvements in the 
tidal flow, department of navigation now under consideration ; and it 
may be stated, that in order to form a satisfactory opinion 
on this matter, it is essential to have an accurate survey, 
showing the depths of water and the breadths of channel 
throughout the whole extent of the river, and also to as- 
certain the amount of tidal range, the velocity of the cur- 
rents, the rise on the bed, and the nature of the materials 
of which the bottom and banks are composed. Possessed 
of this information, he is in a position to consider to what 
extent the bed of the river may with advantage be deep- 
ened and widened, and the currents directed by means of 
walls ; also if subsidiary channels may with safety be shut 
up, or new cuts be made for the passage of the river, or 
whether or not irregularities in the widtli which injuriously 
aftect the currents may be corrected. In all these matters 
the engineer must, in each particular case, be guided by 
experience. While it is therefore impossible, in such cir- 
cumstances to specify works which shall be of universal 
application, it is nevertheless quite within the range of 
sound engineering advice to point out generally the 
works which are most likely to effect improvements, 
and to direct the reader to cases in which such works 
have proved successful; and this is all that we propose 
to do in the remarks we have to offer on this part of our 
subject. 

With reference to these operations, then, it may be stated, 
that all obstructions which prevent the extension of the 
tidal influence up the river may safely be taken away, and 
their removal may confidently be expected to be followed 
by highly beneficial Effects.* It is necessary to remark, 
however, that the removal of artificial weirs erected for the 
purposes of manufacture is, in many cases, attended with 
difficulty, arising from the value of the interests involved, 
which are sometimes so great that the abolition of such erec- 
tions cannot be effected without large compensation. The 
weirs on the Dee in Cheshire, and the Lune in Lancashire, 
are instances of this, being productive of much injury; while 
in both cases the interests aflected are so important, and the 
consequences so serious, as hitherto to have operated as an 
effectual barrier to their removal. The removal of existing 
quays and other works of long standing, as in the case of 
the Thames, the Tyne, and the Wear, is also for the same 
reason difficult, and works must therefore be designed for 
such localities which shall not injuriously affect existing 
interests. But all natural weirs or shoals, consisting of fixed 
rock or hard gravel, which cannot be disturbed by the action 
of the current, as well as all projections into the stream, 
where unattended by the difficulties alluded to, should at 
once be removed. Whenever it is possible, divided cur- 
rents should be united into one stream. The channel, 
where it is necessary, should be guided by longitudinal walls, 
and the river’s bed should be deepened to the full extent 
compatible With a due amount of slope being left on the 
surface. 

These may be said to be the safest and most beneficial 
works which can be adopted in designing river improvements, 
their effect being to cause the currents of flood and ebb 
tide to flow always in one channel, and thus to exert their 
full and combined power in keeping open one navigable 


track. The manner in which they are executed demands Rivers, 
a few remarks; and we shall treat the different works under 
the heads of : — 

1. Removal of lateral obstructions. 

2. Closing subsidiary channels. 

3. Dredging. 

4. Excavation. 

5. River walls; and 

6. Scouring. 


1. Removal of Lateral Obstructions^ 

Under the “Removal of Lateral Obstructions’' may be 
classed all those works which have for their object the forma- 
tion of proper outlines for the banks or sides of the river. 

In the early history of river engineering it was not uncommon jetties oV 
to construct jetties or groins projecting from the banks on jectionable. 
either side, with the view of narrowing the stream and pro- 
ducing a greater scouring power to operate on the bottom. 

It is no doubt true, that such projections have the effect of 
producing a local acceleration of the currents, and in soft 
bottoms a corresponding increase of depth in their imme- 
diate vicinity. But this increase of velocity and depth 
being due entirely to the obstruction and consequent rais- 
ing of the level of the water caused by the jetty, is strictly 
local. Whenever the water passes the head of the jetty, it 
expands into the greater width of bed, the head is reduced, 
a stagnation or eddy takes places, and a bank or shoal is 
formed, — a result which invariably follows the projection of 
any obstruction or foreign body into a stream having a soft 
bottom. As an aggravated instance of the effect of such 
obstructions, we may refer to the case of a vessel of about 
170 tons, which, in consequence of the breaking of a tow- 
line, grounded at the side of the River Tay when there was 
some flood in the river. The effect 
is shown in fig. 4, where the ves- 
sel is represented at a as lying in a 
pool which was scoured to the depth 
of about 10 feet in the course of a 
few tides ; and the gravel thus ex- 
cavated by the current, acting on 
the grounded vessel, and amount- 
ing to upwards of 1000 tons, was 
deposited in the form of a bank, 5 
feet above low-water, immediately 
below the pool, as shown in hatch- 
ed lines. A similar effect, though 
varying in degree, occurs in all 
rivers confined by jetties. The beds 
of rivers so treated consist of an alternation of shoals nearly 
dry at low-water, and pools of a depth far greater than is ac- 
tually requisite, instead of presenting, as they ought to do, 
a regular bottom and a uniform depth of water available 
for the purposes of navigation. Examples of the prejudicial 
effect of jetties are to be met with in the history of the 
Clyde, the Ribbic, the Dee in Cheshire, the Tay, and, the 
writer believes, with little or no exception, in every situation 
where the system of contracting, or even directing the cur- 
rents by means of such works, has been generally adopted. 

From the Clyde, the llibble, and the Tay they have been 
entirely removed. The writer has invariably found, that 
M'henever jetties existed, tlieir entire or partial removal 
formed one of the first steps towards an improvement of 
the navigation, and this course has, in all cases which have 
come within his experience, been followed by good results. 

In some instances, where the river is contracted by the 
projection of quays or by the natural formation of the banks, 
it is desirable, where it can be done consistently witli ex- 
isting interests, to enlarge the cross-sectional area, in order 
to reduce the velocity of the currents and prevent disturb- 
ance of the tidal fiow. 




68 NAVIGATION, INLAND. 


Kivers. 2. Closing Subsidiary Channels* 

The next work to be noticed is the closing of what we 
term subsidiary channels. These are channels, or, as they 
are sometimes called, bach lakes, caused by islands wdiich 
divide the stream and reduce its scouring power. The 
consequence is, that instead of flowing in one broad, deep, 
navigable bed, kept open by the whole available scouring 
power, the river is divided into two shallow channels, neither 
of them affording a good navigation, while frequently a 
ford or shallow is occasioned both above and below the 
island by the disturbance which occurs at the junction of 
the divided currents. On the Tay and the Lune several 
such secondary channels were, with much advantage to the 
navigation, closed up by means of embankments formed of 
gravel dredged from the river, while tlie other or principal 
channel was enlarged and deepened, so as fully to com- 
pensate for the closing of the smaller channel, and assimi- 
late its cross-sectional area to the rest of the navigable 
track. 

8* Dredging* 

The introduction of mechanical appliances for the pur- 
pose of excavating materials under water, raising them to 
the surface, and depositing them in barges, was an im- 
portant era in canal and river engineering. The first em- 
ployment of machinery to effect this important object 
is, like the discovery of the canal lock, claimed alike for 
Holland and Italy, in both of which countries dredging is 
believed to have been practised before it was introduced 
into Britain. The moving power at first employed in con- 
ducting the process was manual labour, but in all large works 
dredging is now performed by steam, and is probably the 
most effective and generally applicable means of improve- 
ment at the command of the engineer. The Dutch, at a 
very early period, employed what is termed the “ bag and 
spoon dredge for cleaning their canals. It consisted of a 
ring of iron about 2 feet in diameter, flattened and steeled 
tor about one-third of its circumfcTcnce ; to this ring a 
hag of strong leather was attached by means of thongs, and 
the whole apparatus w’as fixed to a long pole, which, on 
being used, wm lowered to the bottom from the end of a 
barge moored in the canal or riven A rojHj made tmi to 
the iron ring w'as tlien wound up by a wirwllass placed at 
the other end of the barge, and the sfwon was thus dragged 
along the bottom, and was guided in its jirogress by a man 
who held the pole. When tlie Sfjoon reached Ute end of 
tile barge wliere tlie windlass was placed, the winding was 
still continued, and it was raised to the surface, bringing 
with it the stuff excavated, and dejiosited in the bag during 
its progress along the bottom. The windlass being still 
wrought, the whole was raised to tlie gunwale of the barge, 
and the bag being emptied, was again lowxTctl and hauled 
back to the op[)Osite end of the barge for another supply". 
This system is slow, and only adapted to a limited dejgh 
of water and a soft bottom. It has, liowever, been gene- 
rally employed in canals, and was much used in the Thames; 
and the writer, in one situation where, from want of space 
and other peculiarities, more perfect mechanical means 
could not be employed, used it to a pretty large extent, 

* the quantity raised being about 135,000 tons. The pn»- 
cess, although tedious, w'as very convenient, and the 
cost of raising the materials did not exceed T^d. per ton. 
Another plan practised at an early period was to moor 
two large baiges, one on either side of the river; be- 

^ £ntyclopmdia of OM Mmyinminy, by Edward Cresy, liondon, 
liondon, 1843 ; fho Impromma of tkt Port of London, by K. Dodd, 

® It was found on the 'Tay that 18 cubic feet of gravel weighed 1 

^ Civil JSnymoir$' and Aroldtmf Jommal for Augoet 184S. 


nuen thtm was slung an iron bucket or box, attached to Rivers. 
l<th haigis by chains wound lotind the ban eh of a power- 
ful crab-winch in one barge, and round a capstan in the 
other. The bucket was low^ered at the side of the barge 
in which was the capstan, and being drawn across the 
bottom by the crab in the opposite barge, was raised and 
emptied; after which it was again lowered, and hauU‘d across 
by the capstan for a repetition of the process. But in all 
large operations these and other primitive appiiam*e^ have, 
as already stated, been suj)erseded by the hteam-dredge, 
which was first employed, it is believ«‘d, in deepening the 
Wear at Sunderland, about the year 1796. This machine 
was made for Mr Grinishaw by Bolton and Watt.* He- 
ceiving improvements from ]Mr iltigltes, Mr Kennie, Mr 
Jessop, and others, the steam-dredge, as nw generally con- 
structed, is a most efficient machine, excayjiting and raising 
materials from the depths of 15 to 2t) feet of w ater, at a 
cost not very different from that at which the same work 
could be performed on dry land. 

For detiiik as to the construction of stv\mi-(!n we 
have to refer to the articles in Ifeak's Qmirierly Pa/ms, 
already quoted. As to the nature and extent of work per- 
formed by them, we may sute generally, that almost all 
materials, excepting rock or very large lamklerH, may be 
dredged with ease. I..oa8e gravel is probably the most 
favotirable material tr> work in; but a [wmerful dredge will 
readily break up and raise induratetl beds of gravel, clay, 
and boulders. In such cases it is usual to akt*rnatc oit 
bucket-frame, a bucket of sheet-iron ibr raising the stuff, 
with a rake or prongt d instrument for disturbittg the lua- 
tom. IIami-ciH*dges have been used by Messrs Stevenson 
at several harbours, by means of winch, even <iisintegrati'd 
or rotten rock has been easily raised; ami the writt r tu- 
lieves, that in very many cases the surfiuu-s of submerged 
rocks near the nauiths of harbours may, by means (ff stub 
machines, be broken up and renun ed, ^o as to (duain in cer- 
tain situations a consitlerable increase tif depth, without re- 
course to coffer-dams, which, on exposi*d rtnistjA, invtilve 
gr(*at expense and sea rihk, as will as interruption t*» the 
trade* These small drt'dges are worked by eight or ten 
men, and cost about L.350. 

A well-construeletl steam-dredge <ff 1<» horse-power will, 
under favotirable t irctimsiance^, ratstf alnmt MO ioiih «*f 
stuff per hour. The exca>ated materiaU ar<* first dis- 
charged into lighters 4*r barges, and then tlcjiiMited in any 
convenient |K>sition, where they are sufficif oily remoud 
from tlie risk of being carried off by flootl**, atid again 
thrown into the M of the river. 

In some c-aaea tlie discharge is made into hopper punts 
or barges, winch are floated out to »iea, and the stuff h 
dropped in deep water. The cost ot* ?<ieain-tlredging va- 
ries according to the nature of itie mattriaK uihI the circum- 
stances of working, as regulated by tlie tides and the dis- 
tance of deposit. It has, in tlte writer*'- ow n e\p< i ivure, va- 
ried from 4d. to (hI jier ton, or from 5}d. to Hd. fier cubic 
ml, including all exiHJiises.** We believe that in no place 
as steam-dretiuing been more extensively used than in the 
Clytie, where tlw navigable depth has increaied and 
is maiutaineil mainly by timt process. The fblloiiing di Utk 
m to tlie dredging on that river are given in a ctuniimnica- 
tion made to the Institute of Friutce by the late Mr Wilitain 
Bdd, who acted as resident engineer on tlie Clyde/ Mr Bald 
says, that annual dredging to tlie amount of from I60,UX) 
to 180,000 tons was nemsary at the time he wrote, in 
order to maintain die navigable depth of water in the 
Clyde in the 18 miles from Glasgow seawards. In execut- 

1847 ; ♦* Tbt Dredging Maclstlae/' ffoalt's iimrlorly i»iri U 

Engineer, 1738. 

ton. 
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ing this work, the river trustees employed 5 dredges, a 
steam-tug, 2 diving-bells, and 1 60 punts ; the whole value 


of the working machinery being about L.39,000. The fol- 
lowing table gives the details of the dredging- machines ; — 


No. of 
Dredge. 

When 
she com- 
menced to 
work. 

Greatest 
depth of 
Working. 

Least 
depth of 
Working. 

Diameter 

of 

Cylinder. 

Length 

of 

Stroke. 

Number 

of 

Backets. 

Length of 
Bucket- 
frame. 

Nominal 
l^oMrer of 
Engine. 

1 

1824 

Ft. 

10 

in. 

6 

Ft. in. 

3 9 

Inches. 

21 

Ft. in. 

2 6 

31 

Ft. in- 

47 9 

Ho.-power, 

12 

2 

1826 

14 

0 

4 0 

24 

2 6 

33 

52 11 

16 

3 

1830 

14 

0 

4 0 

24 

2 6 

33 

52 11 

16 

4 

1836 

15 

6 

4 3 

26 

2 6 

34 

54 

n 

20 

5 

1841 

ir to 19 ft. 

4 4 

27} 

2 6 

34 

58 

0 

22 


All these dredges had governors, which regulated the amount of work which was performed by these dredges, 
speed to about 28 strokes per minute in ordinary work- and the expense of the process : — 
ing stuff. The average pressure in boilers was about lb. 
per square inch. In general, 14 buckets were discharged 
per minute. The speed of the buckets on the frames of 
dredges Nos. 1, 2, 3, and 4, was 48 feet 6 inches per 
minute, and that on No. 5, 49 feet 8 inches per minute. 

They consumed from lo-J to 18 lb. of coal per horse- 
power per hour. The following is a statement of tlie 


Year ending 

Amount 

expended. 

Work 

executed. 

Kate per 
Cubic Yard. 

Decom'ber 25, 1841 
... 24,1842.... 

... 23,1843.... 

... 21,1844.... 

L. s. d. 
11,841 18 2 
13,612 11 3 
9,742 7 6^ 
10,659 3 8 

218,110 

1 313,810 
294,440 

1 317,660 

L. s. d. 

oil 

0 0 10^ 

0 0 8 

0 0 8 
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Tabular View of the Dredging of the Wear at Sunderland in 1842-46. 


ross- 

redging. 


Date. 

Total duantity 
Raised per Annum. 

Expenditure in 
Labour for Rais- 
ing and Depositing 
per Annum. 

Expense of Fuel 
per Annum. 

Expenditure in 
Labour for Repairs 
])or Annum. 

Expenditure in 
Materials for Re 
pairs per Annum. 

Total Expenditure 
per Annum. 

Average coat per 
Ton on the Year»8 
Expenditure. 

1842 

1843 

1844 

1845 

1846 

Tons. 

128,245 

141,325' 

90,980 

101,075 

140,350 

L. s. d* 
922 1 2 
879 16 0 
567 13 4 
721 9 0 
724 6 4 

L. «. d. 
Ill 0 0 

70 0 0 

66 5 9 

66 7 6 

58 2 6 

L. 8. d. 
754 16 0 
503 13 4 
269 2 1 
336 8 0 
600 17 2 I 

L. s. d, 
704 17 11 
786 13 11 
663 9 10 
627 7 10 
620 3 2 1 

L. 8. d. 
2492 16 1 
2240 3 3 
1466 U 0 
1661 12 4 
1803 8 1 i 

4'665 

3-804 

3-842 

3-921 

3-083 

1842 

to 

1846 

Hence the avei'age coat per ton on five years’ work — 

Por raiflinfr ftnd denofiitinir at sea 

mr 1-528 

Tfor 'fuel . 

— Q 





=; 0-149 

Fpr labour in repairs - 

ss 0-943 

'F’rtr m ntf^rials to ditto - - - - 

=: 1-243 

1 


Avflranrft total Jilxoenditure.. 




3-863 

1 


— 

. ^ 





Mr Murray gives the above tabular view of the dredging 
of the Wear at Sunderland, which is also an interesting 
record of the quantity and cost of material raised by a 
dredging-machine ; but this view is not given by way of 
comparison with the preceding, as there is little analogy 
between the cases. The contracted state of the Clyde, 
the frequent interruptions to which the work was subject 
by the constant passage of vessels, and the expense of 
removing and depositing the stuff, necessarily increased the 
cost of executing the w^ork in that situation. 

In river-dredging two systems are pursued ; one plan 
consists in excavating a series of longitudinal furrows pa- 
rallel to the axis of the stream, the other in dredging cross 
furrows from side to side of the river. It is found that in- 
equalities are lel’t between the longitudinal furrows, when 
that system is practised, which do not occur to the same 
extent in side or cross-dredging ; and the writer has inva- 
riably found cross-dredging to leave the most uniform bot- 
tom. To explain the difference between the two systems 
of dredging, it may be stated, that in cither case the dredge 
is moored from the head and stern by chains about 250 
fathoms in length. These chains in improved dredges are 
wound round windlasses worked by the engine, so that the 
vessel can be moved ahead or astern, by simply throwing 
them into or out of gear. In longitudinal dredging, the 
vessel is worked forward by the head chain, while tine 
buckets are at the same time performing the excavation ; 
so that a longitudinal trench is made in the bottom of the 
river. When the dredge has proceeded a certain length, 
it is stopped and permitted to drop down and commence a 
new longitudinal furrow parallel to the former one. In 
cross-dredging, on the other hand, the vessel is supplied 
with tw'o additional moorings, one at either side, and these 


chains are, like the head and stern chains, wound round 
barrels wrought by the engine. In commencing to work 
by cross-dredging, we may suppose the vessel to be at one 
side of the channel to be excavated. The bucket-frame is 
set in motion, but instead of the dredge being drawn for- 
ward by the head chain, she is drawn to the opposite side 
of the river by the side chain, and having reached the ex- 
tent of her work in that direction, she is then drawn a few 
feet forward by the head chain ; and the bucket-frame 
being yet in motion, the vessel is hauled back again by 
the opposite side chains to the side from whence slie 
started. By means of‘ this transverse motion of the dredge, 
a series of cross furrows is made ; she takes out the whole 
excavation from side to side as she goes on, and leaves no 
protuberances such as are found to exist between the 
furrows of longitudinal dredging, even where it is executed 
with great care. The two systems will be best explained 
by reference to the annexed cut (fig. 5), where AB repre- 


sents the head and stern moorings, and DC the side moor- 
ings ; the arc ^ represents the course of the vessel in cross- 
dredging; while in longitudinal dredging, as already ex- 
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Kivera. plained, slie is drawn forward towards A, and again dropped 
down to commence a new longitudinal furrow. 

In some cases, however, the bottom is found to be too 
hard to be dredged until it has been to some extent loos- 
ened and broken up. Thus at Newry, Mr Rennie, after 
blasting the bottom in a depth of from 6 to 8 feet at low- 
water, then removed the material by dredging, at an ex- 
pense of from 4s. to ds. per cubic yard. The same pro- 
cess was adopted by Messrs Stevenson at the bar of the 
Erne at Ballyshannon, where, in a situation exposed to a 
heavy sea, large quantities of boulder stones were blasted, 
and afterwards raised by a dredger worked by hand, at a 
cost of about 10s. 6d. per cubic yard. But the most exten- 
sive application of blasting, preparatory to dredging, of which 
the writer is aware, was tlmt on the works for improving the 
Severn, by Sir William Cubitt, of which an interesting and 
instructive account is given by Mr George Edwards, in a 
paper addressed to the Institution of Civil Engineers, from 
which the following particulars are taken — 

“ It appears that a succession of marl beds, varying from 
3 00 yards to half a mile in length, were found in the chan- 
nel of the Severn, which proved too hard for being 
dredged, the whole quantity that could be raised being 
only'^O or 60 tons per day; while the macliinery of the 
dredges employed was constantly giving way. Attempts 
were first made to drive iron rods into the marl bed, 
and to break it up ; a second attempt was made to loosen 
it by dragging across its stirikcc an instrument like a 
strong plough. But these plans proving unsuccessful, it 
was determined to blast the whole surface to be operated 
on. The marl was very dense, its weight being H6 lb. 
per cubic foot;^ and it was determined to drill perpendi- 
cular bores, 6 feet apart, to the depth of 2 feet below the 
level of the bottom to be dredged o\it. The bores were 
made in the following manner, from floating rafis moored 
in the river -Pipes of -x^-inch wrought-iron, 3.V inches 
diameter, were driven a few inches into the marl. Througlj 
these pipes holes were bored, first with a I J-inch jumper, 
and then with an auger. The holes were l)ored 2 feet 
below the [)rop()sed l)ottom of the dredging, as it wa.< 
expected that eadi shot would dislocate or break in piects 
a mass of marl of a conical form, of which the bore-hole 
would be the centre and its bottom the a|>ex ; so that the 
^ adjoining shots would leave between them a pyramidal 
piece of marl, where the powder would have produced 
little or no effect. By carrying the shot-holes lower than 
the intended dredging, the apex only of this pyramid was 
left to be removed; and in jmictice this was found to 
form but a small impediment, Fig. 6 is a section, and 


Water Level 




represent the diameters of the broken spaces at the level 
of the bottom of dredging. 


The cartridges were formed 


in the ordinary way, with canvas, and fired with Pickford’s 
fuse. The weiglit of powder used for bore-holes of 4 feet, 4 
feet 6 inches, and o feet, were respectively 2 lb., 3 lb., and 4 
lb. The effect of the shot w'as generally to lift the pipes a few 
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inches, wliich were secured by ropes to the rafts. Mr Ed- 
wards says that not one in a hundred shots missed fire, 
and these shots were generally saved by tlie following sin- 
gular expedient:— The nointed end of an iron bar, |-inch 
diameter, was made red-not,and being put quickly thnnigh 
the water, and driven through the tampii^ as rapidly as 
possible, was in nine cases out of ten sumciently hot to 
ignite the gunpowder and fire the shot. 

** The cost of each shot is calculated as follows 


Useofmateml £0 I 0 

Imbour 0 3 3 

Pitched bag for charge 0 0 3 

3 lb. of powder at 5J<i 0 I 4i 

15 feet of patent fuse at th» of a penny. ..... 0 0 0 

Pitch, tallow, twme, coals, &e 0 0 


i'ojjt per «hot .,..£o 7 0 

Eadi shot lo(»Htfned and preparetl for dredging aliout 4 
cubic yards; ho tlmt the cost for bhbting wais Is. ihi per 
yard. ^ The cost of dredging the materbl, after it hod 
been thus {)r(*pared, was 3d. ; tnaking the whole cliarge 
for removing the per culiic yard/’' 


4. ICxcamdoih 

But there are cases where the bottom cannot beadvan- 
tagetmsiy <»perated on by any of the meani we have men- 
tioned, and where it k necessary to have reeour^ to other 
apniiances for its removal, such as the diving-bell or diving- 
helmet, and coffer-dams. The diving-bell has, in conjurir- nydlvisf* 
tion with dredging, been much used on the Clyde, m*d Mr bill 
Bald gives the Ibllowlng account of the operation m con- 
ducted on tliat river : — 

“Betw'cen Erskine Ferry and the New Shot Ide the 
bed of the Clyde, for a distance of 21XK) yards, wu 
greatly encumbered with stones and stone boulders, which 
were highly injurious to vest»els if they grounded tliere ; 
and frequently large slups, in being tugged through this 
part of the river-channel, had their c^>f>er bottoim in- 
jured when tlicy touched the rocky clmnnel-bcd. Iii dee|>- 
ening and clearing this part of the river, two diving-bells 
wercenipk)yed, iiikIhu*, tiiuo two,sU*am-dredgers» 

The clearing and deepening of this cliaitnel was exceed- 
ingly severe on the machinery and working-gear of the 
steam-dredgers; tte speed of the engines was tlierefore 
governed by the nature of the material in the bottom | 
and although the iron-work frequently gave way, yet spare 
links and buckets being always ready to repine those 


* ** Account of Blasting on the Severn ” by George Edwards, C.B. (Tram, o/XnHituthn of Cim*/ En^ntm, vol iv., 3011 

2 Clay weighs about 103 lb., and sandutonc about 155 lb. per cable foot 
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Rivers, which broke, there was little interruption to the contin- 
nous working of the dredgers. When the dredgers liad 
cleared away the material which covered the boulders in 
the bottom of the channel, the diving-bell boats were 
worked over the ground so cleared, removing all the 
larger boulders ; and when that part of the channel had 
been cleared of them, the dredgers went again over the 
same bottom, removing all the lighter material from the 
heads of the lower boulders, preparatory to the bells com- 
mencing again ; and these operations were continued until 
the necessary depth was attained. 

The buckets of the steam-dredgers, in working along 
the bottom, always slipped over the head of the large 
boulders, which the diving-bells alone could lift and re- 
move. Some of these masses of trap or whinstone were 
4 and 5 tons in weight, and from their rounded forms and 
smooth surfaces, it was evident that they had been brought 
from some distance. Some of them were of sandstone, but 
they were more angular than the trap boulders. Quanti- 
ties of these boulders, lifted from the bed of the channel, 
might be seen lying along the sides of the river; and 
many of them had since been split and broken up by gun- 
powder for repairing the river dykes, Tlie tops of some 
of the large stone boulders lifted from the bed of the chan- 
nel were found grooved to a depth of about an inch or 
more, by the ship’s keels having been rubbing over them ; 
and metallic particles were distinctly to be seen upon their 
surface. In removing these stone boulders from the bed 
of the channel, the diving-bell men found numerous frag- 
ments of copper and iron which had been torn off the 
ship’s bottoms and keels by the large stones 5 but latterly 
this had not been the case, as great progress had been made 
in the removal of the boulders, and the deepening of the 
channel.” 


n 

Large isolated masses of stone have also been removed Rivers. 
en masse from many rivers by fixing louises in them, and 
raising them by floatation. On the Tay this was done to 
some extent, and one boulder of 50 tons was raised from 
the river by that means. Where a large area and consi- 
derable depth of solid rock has to be removed, coffer-dams 
are doubtless the best means of executing the work ; but 
the chief difficulty in employing dams in the narrow chan- 
nels of rivers is the obstruction which they necessarily pre- 
sent to the passage of floods and also to shipping. It is 
therefore a matter of high importance to reduce tlieir bulk 
to the smallest possible limits. With this view tlie writer^ By coffer- 
designed a coffer-dam for the works of the River Ribble, dams, 
which consisted of two rows of iron rods, 3 feet apart, 
jumped into the rocky bottom, and supporting two linings 
of planking, the intermediate space being filled with clay, 
and the whole structure being stayed from the inside, so as 
to present no obstruction beyond the outer line of the dam. 

Three dams of this construction were formed in the Rib- 
ble ; and by means of them, a bed of rock, 300 yards in 
length, and of a maximum depth of 13 feet 6 inches, was 
successfully excavated. The maximum depth of water at 
high-water against the dam was 1 6 feet, but in very high 
floods of the river the whole dam was sometimes com- 
pletely submerged; but on the water subsiding, it was 
found that the iron rods, on which alone its stability de- 
pended, although only jumped 15 inches into the rock, were 
not drawn from their fixtures. As this construction of 
dam completely overcomes the difficulty of fixtures in a 
hard bottom, where piles cannot be driven, and offers very 
little obstruction to the navigation ; and moreover, as it has 
been successfully used on a large scale, and seems to fulfil 
all the conditions demanded in stich a situation, it may be 
perhaps considered generally applicable to situations where 


ELEVATION SECTION 



there is a hard bottom and limited space. The sketch (fig. 8) 
shows, by an elevation, section, and plan, the manner in 
which it was constructed. 

5. JRiver^Walls^ 

Tq open estuaries filled with sand-banks, the courses of 


rivers are liable to constant alteration, due to every change 
in the tides or winds. The accompanying woodcut (fig. 9) 
of the River Lune illustrates this remark; the several dotted 
lines represent the variation of the channel during the period 
of a few years. This tendency to wander is common to all 
livers when left undirected to work their way through a 


' " Description of a Coffer-Dam adapted to a Hard Bottom,’’ by David SteveqBO%,0.H. (STrans, cfTnst of Civil Engintm, voL iiu, p. 877)w 
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Rivers. 


tract of sand; and the evils attending such a state of matters 
are generally of a serious nature, })roceeding mainly from 
a constant abrasion or wasting of the sand-banks. This 


abrading action, operating during every flood and ebb tide, 
sets loose a large amount of floating sand, which is drifted to 
and fro, and deposited in sonae new situation. A channel 






which is constantly shifting its course never remains suffi- 
ciently long in one position to form for itself a properly 
defined bed, but is in fact always in a transition state ; the 
sand which is worn from the concave being thrown to the 
convex side of the stream, while some portion of the float- 
ing materials, carried to and fro during this process of 
perpetual change, is often deposited, and forms shoals in 
the middle of the fairway. A river left in this state of 
nature cannot possibly attain the maximmi depth due to 
the natural scour of the tidal currents, as their power is 
expended in abrading and removing the sand-hanks through 
which the stream flows, and not, as it ought to be, in deej)- 
ening and scouring its bed. In such cases wliat is wanted 
is to secure a permanent channel, by guiding the first of tlic 
flood and the last of the ebb tide by means of walls, so 
that the strength of tlie currents may constantly operate on 
the same Ihie of chmmeL In this way, it is obvious that 
not only will the advantage of a permanent navigable track 
be obtained, but the constant action of die currents of flood 
and ebb tide flowing in the same channel, will secure a 
much greater permanent depth than they could possibly 
do if permitted to wander at random through the estuary, 
sometimes operating in the same channel, and at other 
times directly opposed to each other. 

Compara- Questions have been raised as to the comparative advan- 
tlve ad- tages of straight and curved walls for directing a channel, 
vantages of It is believed that, in most cases, the direction of such walls 
straight is necessarily determined, not by any abstract consideration 

_ as to the superiority of straight 

or curved walls, but chiefly 

— by the relative positions of the 

points between which the 
stream is to be conducted, and 

j" - — the outline and geological 

formation of the shores and 

banks of the estuary that inter- 

Bg.ii. vene between those points. 

The consideration of such 
matters may render it expe- 
dient, according to the special 

circumstances of the locality, 

to adopt walls having concave, 
straight^ or convex outlines, as shown in figs. 10, 1 1, and 12. 

Viewed as a purely abstract question, it may, we think, 
be safely affirmed, that a stream is most likely to follow a 
permanent course when directed by a concave wall, as 


and curved 
walla 


jayeft 


RIVER 




shown in fig. 10, in which the axis of the stream is repre- 
sented by the dotted line. Dr Young ohHervts that tlie 
centrifugal force in curved channels has a tendency to draw 
the greater jjortion of the water to the concave side, and 
thus the greatest scouring power, arid consecjuently tim 
greatest depth of the stream, will l)e found upon that side. 
In a channel directed by straight walls (fig. 1 1), tlur current 
has no such decided bias for either wall, anti in consetiueiuly 
easily thrown across from side to .side. A wall, on the tnher 
hand, having a convex outline, as show'n in fig. 12, is (esne- 
dally if the radius of curvattire be small) still less suitamc 
as a guide, as the line of wall diverges fr<»m the direction 
of the axis of the current. These remarks are not hypo- 
theticai, as the writer has found that their correctneHs’ lian 
been verified by cases in actual practice, 'fhere is doubt- 
less some disadvantage in the deep water being on one side 
of the channel, as more particularly shown in the cross 
section, fig. 13. It w'ould be more convenient for naviga- 



TSitAX 

tion were the deep water in the centre ; but it is fbtitid tluit 
tlie current invariably a<Ibere« to one or other of the walls, 
and it is better that the channel should keep constantly to 
one wall, than tliat it should alternate from side to side, as 
is more apt to be the case in al)solutely straight channels. 

The direction and extent of river-walls imist, however, 
be carefully considered by the engineer with referenetJ to 
existing circumstances, and every ease must be judged per 
se. But we think it will be found safe, in executing such 
works, to adhere as closely as possible to tlie following 
general rules : — 

First, The channel through open estuaries should, in all 
cases where funds will admit of it, be guided by double 
walls. In cases, however, where the estuary is bounded by 
a bard beach, presenting a favourable line of direction, a 
single wall may occasionally be found sufficient. All curves 
which it may be necessary to introduce should be of as 
large a radius as possible, and should, if practicable, be 
tangential to each other, or to the straiglit parts of the line 
with which they are connected. 

Second, The walls should not be raked to a higher level 
above the low-waterline than is absolutely necessary for the 
purpose of conducing the early and late currents of the 
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Rivers, tide; and their direction should be marked by occasional aries, as executed under the direction of Messrs Stevenson Rivers. 
' j perches. They are raised from 3 to 5 feet above the low-water line 

14 represents the disposition of such walls in estu- so that, while they guide the low-water channel, they do 



Fig.R. 


not prevent the tide at high-water from flowing on either 
side of them and filling the estuary. 

Third, River-walls should, during their erection, be 
pushed forward with vigour, and not in a desultory, timid 
manner ; the effect of such a course being to increase the 
depth of water in which the wall has to be made, and the 
amount of stone required for its construction. 

Fourth, It will be found that such walls as we have been 
describing will be most advantageously formed of rough 
rubble stones, backed with clay and gravel, in the manner 
shown in fig. 15. ^ 



It was found by Mr Park, under whose immediate direc- 
tions, as local engineer, the walls on the River Ribble, 
which are about 12 miles in length, were constructed, that 
their foundations, with few exceptions, did not sink more 
than a few feet below the sand. He found that it was 
advantageous to mix clay in the internal core of the wall ; 
and after the materials were deposited, it was necessary 
from time to time, in certain places, to add additional stones 
to make up slips, before attempting to pitch the top or 
the face of the slope. Walls somewhat similar have also 
been largely introduced on the Clyde by Mr Walker. 

6. Scouring^ 

The removal of hard portions of the bed of a river by 
dredging or coffer-dams, and the direction of the channel 
by low walls, are operations which are in themselves im- 
provements ; but they further operate beneficially in causing 
the currents to scour the softer parts of the river’s bed, so that 
it sometimes happens that by dredging a few hundred yards 
of hard material from a river’s bed, or erecting a short wall, 
thousands of tons of soft materials are scoured away by the 
action of the current. In all river improvements this is an 
effect which should be fully taken into consideration by the 
engineer, especially in forming estimates ; and its import- 
ance will be apparent on inspecting the section of the River 
Lune (Plate II.) By dredging the upper shoals of that river, 
which are marked in hatched lines in the section, the whole 
lower part of the river was deepened by the natural scour, 
without entailing any expense in its removal. To facilitate 
this scour, a species of harrow has sometimes been applied, 


which is drawn to and fro by a tug-steamer across the bank 
to be removed. This system was extensively employed by 
Captain Denham in opening the Victoria Channel at the 
Mersey ; it was also employed by Messrs Stevenson at the 
Tay ; but it is obvious that it can only be advantageously 
used where there is deepwater in the immediate neighbour- 
hood of the bank to be removed, in which the sand and mud 
disturbed by the harrow, and carried off by the current, 
may be deposited. The process of scouring has, in some 
situations, to the knowledge of the writer, continued in 
operation for many years after the completion of the ori- 
ginal work, the low-water level of the river continuing gra- 
dually to sink ; and as this process goes on, it sometimes 
happens that hard portions oi the bottom originally covered 
become gradually exposed.^ Such obstructions are, in fact, 
hard portions of the bed brought to light, in consequence 
of the improvement of the river, and must not be mistaken 
for accumulations due to ill-regulated currents. It is neces- 
sary, however, that such hard portions should be removed 
as soon as they appear, otherwise they disturb the currents 
and occasion shoals. Whenever the depth due to the 
currents acting in their improved direction has been reached, 
such obstructions will cease to present themselves.^ 

The effect of works executed according to the principles 
indicated is, — First, to fix the navigable track in a defined 
course ; second, to deepen the bed of the river ; third, to 
reduce the slope, and lower the low-water level ; fourth, 
to increase the duration of tidal influence and the quantity 
of tidal water in the river. The benefits to navigation are 
threefold : — First, greater depth of water ; second, a pro- 
perly defined channel ; and, third, a greater length of time 
during which, in consequence of the presence of the tide, 
the river is navigable. 

The writer has, before leaving this part of the subject, to 
state that the works specified are believed to be those most 
generally applicable. All of them may not be applicable 
in every case ; and there may be special cases which render 
it expedient to adopt works of a somewhat different, and, 
in some respects, apparently antagonistic character, — such, 
for example, as the contraction of channels by means of 
quay- walls. 

SECT. V. — ^APPLICATION OP THESE WORKS IN PRACTICE. 

We come now to give a sketch of navigation improve- Applica^ 
ments, executed in accordance with these general views, 
and to show their application in practice, and the effect pro- in 
duced by them. The first example to which we shall allude practice, 
is the River Tay, improved under the advice and direction of 
Messrs Stevenson of Edinburgh; as we know of no instance 
in which the improvements effected by particular works are 
more fully and satisfactorily demonstrated by a comparison 


^ Mr Rendel, in his address as president of the Institution of Civil Engineers in 1862, says, — “ At the present moment changes are 
taking place in the Thames and most of the principal rivers, which afford invaluable opportunity for observations on the effects rivers 
can produce by their own action, and also on what is done by the passage of steam-vessels in keeping the lighter silt constantly in 
* motion.^’ 

2 Admiral Beechey, in his Gbservationa on the Tidaa of the Miver Severn, mentions a fact which it is proper to record. He says, “ While 
upon the subject of the low-waterline, it may here he remarked, that the inverse of the ordinary effect of the spring-tide occurs in the 
river above Lidney. From Lidney downwards to the sea, the low-water at springs follows the general rule of being lower at such 
times than at the neaps ; hut above Lidney the reverse takes place, the low-water at the springs being higher than at the neaps. This, 
no doubt, is occasioned by the tide at springs throwing more water into the river than can escape before the return of the following tide.” 
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Rivers, of observations made previously and subseque7itlj/ to their 
execution, than in the case of that navigation ; where the 
changes were brought about in so short a time, and were so 
marked as to leave no doubt, even to superficial observers, 
of their attainment, and no difficulty, by tlie use of proper 
means, in ascertaining their amount. 

RiverTay. The lliver Tay, with its numerous tributaries, as stated 
" in the table at the end of this treatise, receives the drainage- 
water of a district of Scotland aniotmting to 2283 square 
miles, as measured on Arro wsrnith’s Alap. I ts mean discharge 
has been ascertained to bo 274,000 cubic feet, or 7645 
tons of w'ater per niinutc. It is navigable as far as Perth, 
which is 22 miles from Dundee, and 32 from the German 
Ocean. The different points on the river, hereafter to be 
referred to, will be seen in the small chart given in Plate 
11. ; and we praposc, in this particular case, to enter some- 
what into detail as to the nature of the obstructions to the 
navigation, the moans employed for their removal, and the 
effects })roduced by the works on the tidal currents ; as the 
remarks made will, it is believed, serve to illustrate the sub- 
ject of river improvement generally. 

Before the oommencemont of the works, certain ridges, 
called fords,” stretched across the bed of the river at 
different points between Perth and Newburgh, and ob- 
structed the passage to such a degree, that vessels drawing 
from 10 to 1 1 feet could not, during the highest tides, make 
their way up to Perth without great difficulty. The depth 
of water on these fords, the most objectionable of which 
were six in number, varied from 1 foot 9 inches to 2 feet 6 
inches at low, and i 1 feet 9 inches to 14 feet at high water 
of springtides; so that the regulating navigable depth, under 
the most favourable circumstances, could not be reckoned 
at more than 1 1 feet. In addition to the shallowness of the 
’ water, many detached boulder stones lay scattered over the 
bottom. Numerous ^‘fishing cairns,” or collections of stones 
and gravel, had also been laid down, without regard to any 
object but the special one in which the salmon-fishers wx*re 
interested, and in many cases they ft>rmed very prominent 
and dangerous obstructions to vessels. The chief disad- 
vantages experienced by vessels in the xinimf)roved state of 
tlic river was the ribk of their being detained by ground- 
ing, or being otherwise obstructed at these defective places, 
so as to lose the tide at Perth, — misfortune which, at times 
when the tides were falling from springs to neaps, often led 
to the necessity either of lightening the vessel, or of de- 
taining her till the succeeding springs aftbrded sufficient 
depth for passing the fords. The great object aimed at, 
therefore, was to remove every cause of detention, and 
facilitate the propagation of the tidal wave in the upper 
part of the river, so that inward-bound ves.sels might take 
the first of the flood to enable them to reach Pertii in one 
tide. Nor w^as it, indeed, less important to remove every 
obstacle that might prevent outward-bound vessels from 
reaching Newburgh, and tlie more open and deep parts of 
the navigation, before low- water of the tide w ith which tliey 
left Perth. 

The works undertaken by the harbour commissioners of 
Penh for the pmposc of remedying the evils alluded to, 
and which extended over six working seasons, may be 
briefly described as follows : — 

The fords, and many intermediate shallow's, were 
deepened by steam-dredging ; and the system of harrowing 
was employed in some of tlie softer banks in the lower 
part of the river. The large detached boulders and fish- 
ing cairns,” wluch obstructed the passage of vessels, were 
also removed. 

2d. Three subridiary channels, or offshoots from the main 
str^m, at Sleepier Darry, and Balhepburn islands, the 
psitions of which will be seen on the plan, were shut up 
by embankments formed of the produce of the dredging, so 
as to confine the whole of the water to the navigable oianneU 


3d, In some places tlie banks on eitlicr side of tlie river Rivera, 
beyond low-wator mark, where much contracted, were 
excavated, in onlcr to equalize the currents, by allowing 
sufficient space for the free passage of the water; and this 
was more especially done on the shores oppo.site Sleepless 
and Darry islands, where the shutting up of the secondary 
channels rendered it more necessary. 

The benefit to the navigation in consequence of the 
completion of these works lias been of a twofold kind; for 
not only has the deptli of water been nuiterudly increased 
by actual deepening of the water-wuy, and tiie removal of 
numerous ob.'>tructions from the bed of the river, but a 
clearer and freer passage has been made ftir the flow of tlie 
tide, which now begins to rise at Pertli much sooner than 
before; and as the time of high-water is unaltered, the ad- 
vantages of incrcsised depth due to the presence of the tide 
is proportionally increased throughout tfie wliole range of 
the navigation ; or, in other words, the duration of tidal in- 
fluence lias been prolonged. 

The depths at the shallowest plac€\s are now* pretty nearly 
equalized, being 5 feet at low and 15 feet at higli water, of 
ordinary spring tides, instead, as formerly, of 1 foot 9 inches 
at low and 11 feet at high water. Steamers of small dratight 
of water can now therefore ply at low-ttvler^ and vessels 
drawitig 14 feet can now come up to Perth in am tide 
with ease and safety. 

In obtaining the requisite data, botli as to the design and 
execution of tliese works, minute tidal observations were 
made at various times during a period of ten years, fnmi 
1833 to 1844 inclusive, throughout the lliver and Firth of 
Tay, at the following stations, — viz., Dundee, which is 
marked No. 3 on the plan, Plate IL; Halmerino, 2; 

Flisk Point, No. 3; Balmbreich Castle, 4; Netrimrgh, 

No. 5; Carpow, No. 6; Kinfaims, No. 7 ; anti Perth tide 
harbour, No. 8. The general re,sultH dedu<‘ed from these 
observations are given in tlie following taliU's anti show', 
by the favourable change wdiich has been elfei ied in the titial 
phenomena of tlie estuary, that the works t,‘.\ecuted fully 
answered the intended end:— 


1. Propagation qf Tidal ffare. 


The following table of el.tpseti times hetweiui arrival of 
the tide-wave, or coinmenn'inent of the tidal How, «t the 
following stution.s during spri^tq tides in 1H33 and 1831, 
shows the rate of its propagaiina 

ti« M. 

!>untlef5 to nalmorInn.M 0 hi 

Uftlmcrino to Fll<»k Point 0 UO 

Flink Point to Balmbreich 0 2<i 

Balmbreich to Newhargh...... 0 53 

j^Jowburgh to Perth (title 
harbour).... 




30 


itt 

Mikp. 

ll»ri!r ^if Ti"!#*- 
in 

iwr H<mr. 

fiTO 

Mr, 


a-m 

2'0| 

4*1)0 

3 


8 5»J 

3*42 


The result ofob-servations made in 1842, 1843, mid 1844, 
on spring tides, give the same vtlocity, as ahtHe stated, 
betw een Dundee iiiul Newburgh, and the foiltnung rates 
between Newburgh and Penh 


Giving, M a mean for the 
whole dUtance from Xew- 
burgh to Perth In 1844... 
Time from Rewburgh to 
Perth in 1833 


Tim#?. 

In 

W »*« in Miloi 

If. n. 


0 

1*33 

317 

0 53 

4*02 

hm 

0 20 

2‘32 

0*03 

1 40 

8*50 

5*13 

2 30 

8«5S 

3*40 


Thus rfiowing an increase in the velocity of t!*e ttde*wave 
in the upper part of the river, winch w as improved, of more 
than If mile per hour as the result of the improvements. 

The difference of the time in neap tides between New- 
burgh and Perth in 1844, was 1 h. 53 m. 
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Rivera. 


2. High-Water Level. 

The levels of the surface of high-water at different sta- 
tions throughout the river have been found to be unchanged, 
and the following results refer to the years 1833 and 1 844 : — * 


From Flisk Point to Balmkreich there is a fall of 
. . . Balmbreich to Newburgh there is a rise of 
... Newburgh to Perth (tide harbour) there 
is a rise of. 

From Flisk to Balmbreich there is a fall of.... 
. . , Balmbreich to Newburgh there is a rise of 
... Newburgh to Perth (tide harbour) there 
is a rise of. 


5 in. 



3 ) 

1 Spring 



1 Tides. 

18 

J> 

) 

n 

33 


6 

33 

1 Neap 



1 Tides. 

12 

3 * 

} 


3. LoW‘ Water Level. 

Else on the Surface of Low-water {Spring Tides) in 1833^ 


was a rise of.. 


Balmbreich to Newburgh, log 
a rise of J 


Newburgh to Carpow, 
there is a rise of.. 


Ft. in. 

\ 

Bistance in 
Miles. 

Kate of Slope Kate of Tide 
per Mile in in Miles 

Inches. per Hoar. 

jo 4 

2*04 

1'95 

4*69 

js 8 

3-42 

9-35 

3-86 

|4 0 

8'56 

5*06 

3*42 

water of Spring Tides in 1844. 

Jo 5 

1-33 

3 75 

3*17 

}l7 

7^23 

2-63 

... 


— 

— 



Js 0 

8-56 

2'80 

6'13 


The result of the observations of 1844 thus gives a 
depression on the level of the low-water mark on the gaqge 
of two feet at Perth tide harbour. 


4. Duration of Flood and Ebb. 


The results of ^observations in 1833 and 1844 at New- 
bxirgh show that the duration of flood and ebb tides at that 
place are unchanged. The times are as follows : — 


Spring Tides flow*. 

... ebb., 
Neap Tides flow.... 
... ebb,,... 


zr. H, 
4 20 

r 20 

4 30 
6 40 


At Perth in 1 833 : — 

Spring Tides flowed 
... ebbed 
Neap Tides flowed .. 

ebbed.., 


At Perth in 1844 : — 

Spring Tides flowed 3 10 

... ebbed 7 0 

Neap Tides flowed 3 10 

... ebbed 7 0 


Increase of duration of Flood in springs at Perth 0 50 

It wdll be observed from these tables that important 
changes have taken place : — 

Firsts The fall on the surface of the river from the tide 
basin at Perth to Newburgh in the year 1833 was 4 feety 
but after the works were executed it was only 2 feet. 

Seeondy In 1833 the passage of the tidal wave from New- 
burgh to Perth (8*56 miles) occupied 2 hours 30 minutes, 
being at the rate of 3*42 miles per lioiir ; but it is now pro- 
pagated between the same places in 1 hour 40 minutes, 
being at the rate of 5*13 miles per hour , — decrease 
in the time of 50 minutes, and an increase in the speed of 
the first wave of flood of more than 1| mile per hour, since 
the commencement of the works. 

Thirds The spring tides in 1833 at Perth flowed 2 hours 
20 minutes, and ebbed 7 hours; but now the tide flow^s 3 
hours 10 minutes, and ebbs 7 hours, — being an increase in 
the duration of flood of 50 minutes. 

The works on the, Forth, also executed under the direc- River 
tion of Messrs Stevenson, produced changes on the tidal Forth, 
phenomena, which, in connection with those described on 
the Tay, are interesting and instructive as regards the pro- 
pagation of the tide, and therefore we shall briefly allude to 
them. The river between Stirling and Alloa is very cir- 
cuitous, the distance by the navigation being ]0|- miles, 
while in the direct line it measures only 5 miles. Tlie navi- 
gation w^s found to be impeded by seven fords or shallows 
which occur between Alloa and Stirling, and are composed 
of boulder stones, varying from a few pounds to several 
tons in weight, embedded in clay, 

It was determined, in the first instance, to remove two of 
these obstructions, viz,, the “Town” and the “Abbey” 
fords, which lie nearest to Stirling, and having the smallest 
depth of water, form the greatest obstruction to the free 
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passage of vessels. The works were commenced at the 
lower end of the Abbey ford, and were carried regularly 
upwards. The new channel excavated through this ford 
was about 500 yards in length and 75 feet in breadth, and 
was deepened in some places about 3 feet 6 inches. 

Previous to the commencement of the work, tide-gauges 
were erected in the positions marked 1, 2, 3, and 4, in fig, 
16, on which a series of observations was made for the purr 
pose of establishing the original tidal phenomena of the 
river. After the Abbey ford was cut through, farther ob- 
servations were made on the same gauges ; and it is to a 
comparison of these two sets of observations that we desire 
specially to refer. It is necessary to explain that gauge 
No. 1 is at Stirling quay, No, 2 about 500 yards farther 
down. No. 3 at the top of the Abbey ford, and No. 4 im- 
mediately below it. It will therefore be understood that 
the Abbey ford, through which a channel was cut, lies 
between gauges Nos. 3 and 4. The whole of the gauges 
were placed on the same level, so that their readings might 


be more easily compared ; and the following are the results 
obtained with reference to the level of the low-water 
line : — 


Berols of Low-vater Line. 

Gauge 
No. 4. 

Gauge 
No. 3. 

Gauge 
No. i 

Gauge 

No.l. 

In 1847 the low- water line was 
found to stand at the following 
level^a ^ 

Ft. in. 
2 0 

2 0 

Ft. in. 
5 0 

3 6 

Ft in. 
6 3 

4 6 

Ft. in. 

6 6 

5 0 

In 1840 

Depression 

0 0 

1 6 

0 9 

0 6 


From this tabular statement, we find that the low-water 
level at No. 4, which is below the site of the works, remains 
unaltered, but that it has fallen 1 foot 6 in. at the top of the 
Abbey ford (through which the cut has been made). It 
further appears that the formation of this cut has drained off 
the water, and lowered the surface 9 inches at gauge No. 2, 
and 6 inches at gauge No. 1, which is at Stirling. The 
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divers, former and present low- water lines and bed of the river are 
represented in fig. 16, in which is also shown the amount 
of excavation on the Abbey Ford by hatched lines. 
general depression of the level has of course altered the 
slopes or inclinations formed by the surface of low-water ; 
the slope between 4 and 3 being decreased, while the in- 
clinations between 3 and 2, and between 2 and 1, have been 
increased in the following ratios: — 



List. 

IHty. 

184a 


Tnolinations. 

Feet. 

Itnihea 

per 

Milo. 

Inches 

nor 

Mile. 

ijinct- 
enee in 
isia 

Inclination between 4 and 3........ 

1550 

122*5 

61*3 

-61*2 

Do. do, 3 imd 2 

3050 

6*19 

20*77 

■fl5*58 

Do. do. 2 and 1 

UOO 

11*31 

22*62 ! 

■+•11*31 


Again, these changes on the low-water line have pro- 
duced corresponding alterations on the velocities of the first 
wave offload, which arc found to bjS as follows :tr- 


YclOjcltios* 

1847. 

18*8. 

DifTerence. 


Minutes. 

.Minutes, 

Minutes, 

Timo occupied by first wave of tide 
in passing between gauges Nos. 

* 4 and 3 

24 

8 

-16 

Do. do. Nos. 3 and 2... 

6 

IH 

+ 6 } 

Do. do, Nos. 2 and 1... 

6 

SJ 

+ 

Do. do. Nos. 4 and 1... 

36 

28 

- 8 


From this it appears that between Nos. 4 and 3 there is 
an acceleration of 16 minutes, while between 3 and 1 there 
is a retardation of 8 minutes, leaving the difference, or 8 
minutes, as the acttial amount of acceleration at Stirling, due 
to the removal of the ford and the lowering of the low-water 
level 6 inches at that place. The rates of propagation in 
miles per hour are as follows :-r- 



18*7. 

1848, 


Ratos of Propagation. 

Milos per 
hour. 

Milos per 
hour. 

Difforenre. 

Rates of propagation between Nos. 
4 and 3. 

*66 

2-2 

' 

+•1*66 

Do. do. Nos. 3 and 2... 

1 6*77 

30 

-2*77 

Do. do. Nos. 2 and 1... 

2-66 

1*87 

t-0-78 


effect of increasing the depth at low-water all the way up Rivers, 
to Stirling. By cutting the channel through the ford, how- 
ever, not only has the water l)een drained off' and rendered 
shallow, but its surtace has been broken by the projection 
of boulders from tiie bottom, which formerly were entirely 
covered ; anti while this effect has taken place in the upper 
part of the river, a ccmiparativeiy smooth cut, with regular 
sides and bottom, has been formed in the Abbey ford, 
through which the river flows at low-water in a body of 
considerable depth. The writer therefore attributes the 
slow propagation of the tide between 2 and 1 to the shallow- 
ness of the water and the very rugged state of the bottom, 
wliich is in many places completely studded with i)onlders, 
rising some above tlie surface at low-water, and others to 
within a few indies of it ; while the high velocity up the 
steep slope of the ford h to be attributed — Ui, To the depth 
of water caused by the whole river being made to pai^s 
through a comparatively narrow channel ; 2d, 'fo tfie rect- 
angular cross section of the cut ; and Ih/, I'o the smooth- 
ness of the sides and bottom. At the Firth of Dornoch, 
again, as already noticed, between the Quarry and Honor 
Bridge, a distance of 1 mile, although the water* is shallow 
and the bottom rough, it is not, on the whole, more m than 
between gauges 1 and 2 on the Forth ; but at die Dornoch 
the slope on tliat mile is no less than 6 feet inches, and 
the rate of propagation is only two-thirds of a mile }>cr 
hour. Moreover, it w‘a« found that the tide did not begin 
to show at Bonar until it had risen 6 feet 6 inches on the 


gauge at the Quarry, beSpg thp exact difference of level 
betw'een the two jxiints of observation. 

These various results as to slopes anti rates of propa ratiou, 
as well as others which have come under the \ noiire, 
seem to justify the following deductions as to the propaga- 
tion of the tide-wave in rivers with sloping stirfaces and 
irregular bottoms: — Ist, That a decrease of slope is fol- 
lowed by an acceleration of the rate of pnipagafion of tins 
tidal wave. 2df That an increase of slajie is followed by 
a retardation of the rate of propagation. 3of, That the rate 
of propagation does not bear any constant relation to the 
amount of slope, although it is to some extent motiified by 
it* 4r4, That while the rate of profwigation in rivers is in 
some measure due to the depth of water, it is n<»vertl*eless 
inijuenced by the J-lopc of the surface*, the funu of the 
channel, and the obstructions protnuling firotn the sides or 
bottom* 5/A, That if not in all cases, at least when there 
are steep slopes and shallow water, m at the Dortioch Firth, 
the level of the crest of the wave must rise to the level of 


Relations These observations and results seem to throw some addi- 
A circumstances which modify the propa- 

ratero?'^ garion of the tidal wave. The table of the results obtained 
tidal pro- Tay shows that the decreased inclination of the low^ 

pagation. water lines of that river was attended by an acceleration of 
the velocity of the tidal wave ; and the above observations 
further show that a retardation has attended an f;2crcased 
inclination of the low-water line of the upper part of the 
Forth. From the foregoing tabtdar statements, it will be 
seen that between gauges 4 and 3, where the slope hf]« 
been decreased, the propagation has been accelerated; while 
between 3 and 2, where, from the state of the works when 
the observations were made, it is found to have been in- 
creased, the rate of propagation had been sensibly retarded. 
It is worthy of remark, however, that the rates of propagation 
do not, either at the Tay or I^'^orth, hear any constant rela- 
tion to (he slopes^ but are modified by other circumstances; 
in proof of which, it will be found that the rate of propaga- 
tion at the Forth between gauges 4 and 3, where the slope 
is 61*3 inches per mile, is actually greater than between 
gauges 2 and 1, where it is only 22*62 inches per mile- 
The circumstances of the Forth at this particular place are 
somewhat peculiar. Before the Abbey ford was cut through, 
it acted as a dam extending across the river, and had the 


the surface of the water (or perhaps the betl of the river) 
above it, before a progressive motion takes place ; ami, ti/A, 

That, from the difficulty of dealing witli m many variable 
elements, it is imimssible in most rivers to determine the 
ruling circumstances which can be held m regulating tlie 
rate of tidal propagation. 

The Clyde affards a striking proof of the extent to which Clydt* 
river improvements m^y be carried. So insignificant w*a» 
the stream in its natural state, that Smeaton, tn 1775, pni- 
posed to erect a dam witli locks in the lower part of the 
river, and to convert it into a tidal canal In 1775, how- 
ever, (lolburne surveyed the river, and although he finnut 
t]m as far down as Kil|mtrick the depth of water wa-t only 
2 feet, he nevcrtlieless recommended the construction of a 
series of jetties from either side, for the purpose of narrowing 
and deepening the stream ; and this may be held as the 
commencement of the improvement of the River Clyde, 
which originally barely afforded depth of water for larger 
craft than fiat boats, but which now, m our readers know, 
admits vessels of large draught up to Gksgow Bridge. The 
reader must be catuioned from sup|x>sing, however, that 
this result has been attained by means of the jetties which 
were erected under the advice of Golburne. It was soon 
discovered that the object could not be gained by audi 
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works. It was not until the ends of the jetties were con- 
nected by longitudinal walls, and until dredging-machines 
were extensively employed, that the Clyde improvements 
began to assume an importance commensurate with the vast 
commercial interests of the city of Glasgow and surround- 
ing districts. The works on the Clyde have latterly been 
under the direction of Mr Walker, and have mainly con- 
sisted in forming longitudinal walls, dredging, and increasing 
the width of certain parts of the channel, which. had in the 
early stage of the improvements been contracted to an in- 
jurious extent. 

The Ribble in Lancashire, the improvements of which 
were designed by Messrs Stevenson, presents an example 
of a great amount of additional depth having been obtained 
in a comparatively short space of time. That river, accord- 
ing to Mr Park, who cor^ducted, ?ls resident engineer, the 
greater part of the works, has a course of 82 miles, and 
drains 900 square miles of the counties of York and 
Lancaster. The formation of tl\e bed in which it flow^ 
rendered the state of the tidal compartment previous to the 
improvements very defective. The bottonqi in the lower 
part of the river consists of loo^e sand ; while that of the 
upper reach is alternately compact gravel and sandstone 
rock. About half a mile below Preston, in particular, it 
was found that a solid ridge pf sandstone, extending to 
300 yards in length, stretched quite across the channel. 
Its surface was from 3 to 5 feet higher than the general 
bed of the river both above and belo^w it, and so prominent 
an obstruction did it form, that the higher parts of the 
rock were occasionally left dry during the long droughts of 
summer. The propagation of the tidal wave, and free flow 
of the currents, were checked on appro.acfling it ; while the 
power of the tidal and fresh-water scpurs was in a great mea- 
sure neutralized and rendered almost unavailable in keeping 
open the upper and lower stretches of the navigation ; so 
that its influence in obstructing the river resembled that 
of a great artificial ivejr stretching across the stream ^ In 
proof of this, it may be stated that the ordinary rise of 
spring tides at Lytham, yi^hich is 1,2 miles seaward of Pres- 
ton, is about 19 feet,^ and that of njeap tides is 14 feet, 
while at Preston, prior to the operations, the rise of spring- 
tides did not exceed 6 feet, and neap jtides of 13 or 14 feet 
rise at Lytham did not reaph Preston at all. 'The re- 
moval of the rock which encnrabered tfle bed, was natu- 
rally viewed as the most urgent and important work for ef- 
fecting an improvement in the tidal phenomena and general 
depth of water. To this, therefore, the Navigation Company 
first directed its attention, and in the course of eighteen 
months, succeeded in excavating a channel through the 
solid rock 300 yards in length, and in some places 13 feet 6 
inches in depth. This operation was successfully accom- 
plished, at an expense not exceeding L. 10,000, by means of 
a coffer-dam of the construction already shown in fig. 8. 
In addition to this work, about 480,000 tons of gravel and 
sand have been removed from the upper part of the river 
by dredging ; and 9 miles of low rubble availing (formed, in 
so far as it was available for the purpose, of the rocjc exca- 
vated from the bed of the river) have been cojistructed in 
accordance with the sketch shown in fig. 15, for guiding 
the current in the lower channel. 

The effect of the different works that have been executed 
has been to increase the tidal range at Preston about 5 feet, 
and to accelerate the propagation of the tidal wave nearly 
an hour ; and vessels, to which the navigation may be saiid 
to have been previously closed, now come up to the quays 
of Preston with comparative ease and safety. 

The works on the Lune in Lancashire were executed by 


Messrs Stevenson, under the direction of the Admiralty. Rivers, 
They extended over a period of four years, and consisted in 
removing fords by dredging, shutting up subsidiary chan- 
nels, and erecting river walls ; the whole operation cost- 
ing under L. 10,000. The sketch of the Lune in fig. 9 
shows the varying state of the channel in its original condi- ' 
tion, which was regulated by means of a single rubble wall, 
as the funds did npt admit of a double wall being erected. 

It was necessary also, from the configuration of the shores, 
that the channel should follow the convex side of the 'wall 
which should, if possible, be avoided, as some difficulty oc- 
curs in maintaining the channel always close to the wall, 

— a difficulty which can only be removed by the formation 
of a second wall ; and we mention this as an example of 
the desirableness, as already stated, of forming double walls 
in^ all cases when the funds at disposal will admit of it. 

Fig. 17 represents the gradual depression of the tidal lines 
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Fig. 17. 

since the works commenced : the upper line shows the sur- 
face of the river in 1838, the intermediate line in 1848, and 
the lower line in 1851. The effect of the works has been 
to increase the depth of water up to the quays at Lancaster 
about 4 feet, and to prolong the duration of the ^idal influence 
at that place thirty minutes in neap, and one hour and a 
half in spring tides ; so that vessels can approach and leave 
Lancaster much earlier than formerly, while the improved 
channel is navigated with mtich greater ease. 

It is unnecessary ito give farther examples of navigations 
which have been benefited by means of works constructed 
on the principles which we have indicated. We doubt not 
that such cases could be quoted, although we do not possess 
sufficient details to enable us to do so ; and we cipse this part 
of our subject by stating that the further extension of these 
works in such rivers as the Tay, the Ribble, or the Lune, 
and their application in many other cases, would be followed 
by a greatly increased improvement of their navigation. 

Instances might be referred to where a course of treat- 
ment opposed to that which we have recommended has not 
been followed by similar favourable results ; but we deem 
it sufficient to confine this treatise to an .exposition of the 
correct principles of river improvement, without discussing 
erroneous practice or its baneful results ; the more so as 
these have been most fully and ably treated by Mr E. K. 
Calver, R.N., whose investigations into the former and pre- 
sent state of some of our tidal rivers are of great value to 
the hydraulic engineer.* 

SECT. VI. — SITUATIONS WHERE THE PRINCIPLES OP IMPROVE- 
MENT RECOMMENDED ARE NOT APPLICABLE. 

We have further to stale, that in some situations the 
principles of improvement which we have advanced will be 
found jto be of very limited application.. Such cases indeed 
are rarely to be met with, but still it is necessary to notice 
them. We allude to rivers the tidal or intermediate com- 
partments of which are, from natural causes, of very small 
extent. In illustration of what we mean, we may refer to 


1 Captain Sir Edward Belcher, while engaged in making the Admiralty survey of the Rihhle, found that on one occasion the tide at 
Lytham rose 25 feet 7J inches. 

* The ConservatiQn and Improvement of Tidal Hivert^ by E. K. Calver, R.N,, London, TVeale, 1863. 
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Rivers, the Erne in Donegal, which has a tidal capacity of only 
2f miles, extending from the bar np to tlie town oi ^Hally- 

The Erae. shannon, where the tidal flow is terminated by tlie “ Salmon 
I^eap,’^ a perpendicular rise in tlie bed ol* the river of about 
15 feet in height. This waterfall forma the limit of the tidal 
flow, beyond which it could not, without works of'a gigantic 
character, be extended. 

The Ness. Another case is the Ness, ivhich lias a short course of 
about 2 miles, from a little above the town of Inverness 
to the Beauly Firth, at Kessock Hoads. TIic difficulties 
attending the navigation of this river are mainly the pre- 
vailing outward currents due to the physical conforma- 
tion of the bed of the Ness, which may be shortly de- 
scribed, as it illustrates generally a class of rivers which 
are very difficult to improve : — The rise of ordinary 
spring tides at tlie moutli of the river is H feet. 2d, Tlie 
distance to wliich the influence of such tides extends is 
only abotit 2 miles, which includes the whole tidal com- 
partment of the river. 3d, The slope or inclination of the 
low-water line of this tidal compartment is no less than 
7 feet per mile, and the tide takes from two to three hours 
to make its way up the first mile. 4/A, U'he natural result 
of such a state of matters is, that no tidal current is gene- 
rated at the mouth and propagated up the stream, and 
consequently the phenomenon of a current due to flood- 
tide may bo said to he almost tuiknown. 

Under these circumstances, the barrier to the free navi- 
gation of the Hiver Ness is the absence of a tidal current 
or in-clraugbt, to aid the entrance of vessels from Kessock 
Roads, and assist their progress tip to the quays. This is 
at present effected by help of men and horses against the 
nearly constant downward current, which varies in strength 
with the amount of water discharged by the River Ness, 
during its frequent heavy floods.^ 

Back- This absence of sufficient internal capacity and gontlc- 

Wttter, nesg of inclination to admit of the gcnenition of tidal cur- 
rents is strikingly exemplified in the two rivers to which we 
have alluded, and naturally leads us to offer some gen(‘- 
ral remarks in |)assingon the subj(‘(^t of the “backwater’’ 
and the “ slopes” ol* rivers. In most, if not in all cases, it 
will be found (as more partienlarly noticed hereafter in see- 
tion 8, in trcaiting of’ bars) that, it is of’ the highest import- 
mce to maintain unimpaired the full tidal capacity, ami to 
be careful to make no reduction of its amount without ob- 
taining an equivalent in the low-water section, to compen- 
sate for any reduction which it may be found atlviHable to 
make at or near the high-water line. 

The subject of the reduction of backwater has given rise 
to various questions, which have occupied the attention 
of the engineer; but as every case must he judged on its 
own merits, and no two situations arc exactly alike, it would 
be unprofitable to enter upon the discussion of the various 


arguments that liavc been adduced with reference to parti- itivers. 
cukir localities. All we can do is to lay down the general prin- 
cijde, that the more the tidal influence can be extended, and 
the larger tin* amount of backwater that can he obtained, the 
greater will be the benefit con(‘em*d on the navigation from 
the bar upwards ; provided alwiv.s that sucli increased scour- 
ing power is, by judicious works, placed tmder proper regu- 
lation. The q\u‘stion as to tlie possibility of excluding the 
tide from any part of an estuary, without injury to tlie outer 
channels, is a widt* suhjet't, as will he seen from our merely 
stating some of the considerations which may be held to de- 
termine the peeidiar circumstances in which the exclusiou 
of water may be ct>m;>cns:itt‘d. 'rhese arc, tlic configura- 
tion of the banks atul bed of tlio estuary, the simultaneous 
levels of the surface of the w’au r at different periods of the 
tide throughout the c^ttiary, the vtdtKfitics of the surface 
and under-ci!rrents at different periods of tidt*, and the 
times of ebbing and flowing, together with many other 
more minute data pfcidiar to mtk vme, which it is not 
possible to specify in a general summary. 

The existen(‘c of a moderate mwmnt of fall or slope on Slopes of 
the low-water line of a river is a hopeful feature in its capa- 
bilities for iinprnveim nt ; while on the other hand, hucIi a 
slope as tliat on the Ness proves a great barrier to it, 4 ex- 
tended improvement as a tidal river ; fi>r it is ohvioiH, tlmt 
to obtain on that river a skqic sufficiently gentle for easy 
navigation, it would be necessary to lower its heti to so great 
an extent, anti to execute works of such magnitude, as to 
render it inexpedient to entertain sucli a jiruji’et. 

The consuleration of the proper shqu* important in 
river engineering. Dubuut considers 1 iti 5{K),()0() to be 
the smallest |H)ssible incTumtion that can he giveti to a canal 
to produce sensible motkm. It will be fbtmd, on irHpe<*ting 
the table at the end <jf this treatise, that the slept s td* tidal 
rivers vary from a few inches to si*vtral ft*et pt r mile.'’^ As 
a general niUs we should say that the t*ngineer may cal- 
culate on reducing tlu* ‘•Itipts of tidal navigations to 4 inches 
per mile 5 ^^’*7 ^*hould not, if possihle, 

exceed 30 inelu's ptT mile 

Directly conmadetl with the slope U the velocity of streams, V«ltwltl«i 
— an important in.ilter as affecting * c..\. .tho;, h»r it cannot 
b(‘ eonduct(*d with a<i\antage in situations where the cumote 
city of tlie currents i- very gnat. 'I’he veloeilii*s of tidal 
currents in sonu* phu‘rs an* vi-ry great ; ns, for examtple, in 
the IVntlami Firth, whertf ( apiain Otter me.asured a velo- 
city of ID'S utiles per hour, ami in the Severn, w here it wa« 
found to be D miles per lumr. I’rom 2 to 3 iinles per hour 
is, however, a very common velocity on many the rivers 
in thia country, and it is fimnd to pri*Sf*nt no iiteouvenietme 
to the navigation of vessels, 'fhe following are the vtlo- 
cUies of the currents in thfrervnt rivers, wiifi their authontte^i. 

The whole of them are surface velocities:— 


Namt’. 

Mississippi 

between Glasgow an<D 
junction of Cart, during V 

ebb J 

Do., iiood 

Do., from junction of Cart to ) 

Dumbarton, ebb J 

Do., flood 

Do. during higli floods below I 
Glasgow harbour, ebb .... / 
Do. at narrow places during } 

j floods I 

Severn, near Stonebench, I 
flood, spring tide f 


j Per Hour, j 
Mis. y«i". 

r> 0 
0 1570 

0 771 
X X0G9 
0 1501 
fl 1013 

3 1U8 

4 m 


Kllrt. 

\V. Bald. 

Do. 

Do. 

Do. 

Do. 

Do. 

Admiral Beech v. 


.S'V*riJ, hp'nrh. * 

i*hb j j 

Wear, spring tide, ebb.... 


Do,, nfup tides, 
Do., flood tidei., 




fay at Buddonnofs, sp, tides. 

Do, at Perth,..., 

XViUowgfttoat Perth..,.. j 

Dornoch Firth, MeikUf*w% ) i 

flood I ' 

»o. do, .Ml i 

Tayst Magdrum, flood »iid ebb 
Tintuc'-i . 


ivr lh»«r. 

312 
IJ to 
I to 1 1 

1 to *i , 
Xnwta, . 

2 to 24; 
mm. ^ 

mm I 
vm I 

2 to2i 
2 


Adndrai Deechy. 

J. Murray, 

Do, 

Do. 

North Hea Pilot, 

Stevenion. 

Do, 

JH 

Do, 

iK 


* ^ Keport of mau Hw^nr CommiMion, by I). StevoMon, C.B,, *nd Joieph Maynard, It.X„ln Adairaitu Jl.pe>n$ furSih March, 1847. 

in 5^8 Jflagara at the rapid*, immcdUtely aborc the far-famed ** Kail*,” is said to be CU feet in tinlf a nUe, or 1 
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SECT. VII. — WORKS FOR ACCOMMODATION OF VESSELS. 

The works we have described are for facilitating the in- 
gress and egress of vessels. In addition to this, it is neces- 
sary to provide for their accommodation. For this purpose 
it is desirable, where local circumstances admit of it, that it 
should be possible to withdraw them from the action of the 
river currents which, during heavy floods accompanied by 
ice, are often very destructive to shipping. 

This is accomplished in a simple manner by forming what 
are termed tide-basins, which are artificial cuts retiring from 
the stream having their sides bounded by quays or wharves, 
into which vessels may be withdrawn, but where they are 
still liable to take the ground at low-^vater. The object 
is accomplished more effectually by means of wet docks, for 
details of which the reader is referred to the article on that 
subject. In many situations, however, especially where the 
river is wide, and affords ample room, as in the case of the 
Foyle at Londonderry, for example, the berthage for vessels is 
afforded by means of lines of quays formed along the shore. 

Such quays constitute an important part of all harbours 
which are formed in tidal rivers ; and in illustration of some 
of the various methods of construction adopted in such 
cases we submit the following cross sections. Fig. 1 8 shows 
the timber wharfage constructed by Mr Smith at Belfast, 
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At this place the ground is very soft, 
and in order as much ’ 
as possible to reduce 
the weight, the front 
compartment of the 
wharf next the river 
is left open. Figs. 22 
and 2 3 , again, are sec- 
tions of the stone 
wharves now being 
constructed from a de- 
sign by Mr Walker, 
at Glasgow,under the 
superintendence of 
Mr Ure. Fig. 22 is 
the section adapted 
to a clay bottom 5 and 


Rivers. 


20 Js 0 
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fig 23. 


which is composed of a facing of timber-work secured by 
iron ties fixed to piles, the space behind the face-work being 
filled up, and the roadway formed at the top. Fig. 19 is 



a plan showing the positions of the piles and ties. Some- 
times a similar face-work is employed, backed by a wall of 
concrete ; and iron plates have also been used for the facing, 


.1, if ij 


10 



Fiff. 23. 
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fig. 23 is that which 
is adopted w^hen the 
bottom consists of 
sand. In both cases 
the depth of water in 
Qf quays is 
20 feet at low-water, 
and is intended to 
- accommodate mer- 

i. chant vessels of the 

largest class. These 
examples furnish an 
illustration of the 
means employed for 
providing wharfage on 
tidal rivers; the de- 
tails of their construc- 
tion must be studied 
in treatises on such 
branches of engineer- 
ing construction as 

Carpentry, Masonry, 

Piling, Foundations, 

. Mortar, and Quay 
.V. Walls. 

The engineer isgT^in-. 

often called on to con- “briages. 
: struct swing-bridges 
in connection with 
;V navigations, but for 

particulars as to such 
works, reference is 

made to the article 
Iron Bxudge. 


SEA FROrER DEFARTMENT 
OF RIVERS. 

Having considered the treatment of 
rivers from their source to the ocean em- , 
bracing the upper or river proper,*' and 
the intermediate or tidal compartment," 
we have now to direct attention to what we 
have termed the '‘sea proper" compart- 
ment, which, in the sense we have at- 
tached to it, may be said to embrace the 
phenomena connected with the flow of 
rivers or bodies of tidal water into the sea. 

In some instances, such, for example, as 
the Forth, the junction of the river with the 
sea occurs without giving rise to any very 
Fig3. 20 and 21. perceptibk or marked phenomena; the one seems to 

instead of planking. Figs. 20 and 21 are a section and ele- glide naturally into and be mingled with the other, withdut 
vation of the quays of LondondeiTy, designed and executed producing any apparent disturbance of the currents or 
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change on the bed of the channel. But such cases are ex- 
ceptions ; and, generally speaking, we may safely affirm that 
the junction of a river with the sea gives rise to what is 
termed a ‘‘ bar,’’ — the most difficult subject with which the 
hydraulic engineer has to grapple, and the nature and cause 
of which we have now to discuss. 

A bar, then, is the name applied to that shallow part of a 
channel which occurs at the junction of a river or estuary 
with the sea. On either side of it — that is, both seaward 
and landward of it — there may be ample depth of water for 
all purposes of navigation, but the bar forms the regulating 
navigable depth, and no passage over it can be obtained 
until the tide has risen sufficiently high to enable vessels to 
cross it. The depth at low-water on the bars of some of our 
rivers is as follows : — 

The Mersey has a depth of from 9 to 10 feet at low-wator. 

„ Tyne 6 to 7 do. 

„ Wear 3 to 4 do. 

„ Kibble 7 to 8 do. 

„ Tay ...16 to 18 do. 

And while these limited depths exist on the bar, there is in 
all of these cases ample depth wuthin, or landward, for ves- 
sels of the largest class to lie afloat at all times of tide. 

Many theories have been propounded to account for 
the phenomenon of the bar. Some Irave advocated the 
idea that bars are composed of materials held in suspen- 
sion by the liver, and deposited so soon as its current is 
cliecked by meeting the still water of the ocean. But 
this theory, at all events as regards sea bars, of which 
we are now treating, is disproved by the facts of the Dor- 
noch Firth, to which we have already alluded. The bar 
at that place occurs at a point 1 4 miles seaward of the 
point at which the river enters the sea. The idea that a 
bar of such magnitude as that at the Dornoch' Firth, could 
be formed by the detritus brought down by the small rivers 
Oykell and Cassily, is wholly untenable, and is indeed con- 
tradicted by the fact tliat the bar and adjoining banks are 
composed of pure sand ; and hence the writer attributed its 
formation, when lie examined the firth in 1842, entirely to 
the action of the sea. We find that Mr though found- 
ing his opinion on totally different premises, also comes to 
the conclusion that the bars of the Mississippi were not 
due to materials deposited by tlie outgoing stream. In 
explaining his views, he writes as follows : — “ The velocity 
of the river is not destroyed, nor very sensibly diminished, 
at the bars. When the river was rising, but still fiir from 
being at full height, I measured the velocity of the current 
on the bar of the Passala Loutre, and found it to vary, at 
different times and places, from 3 feet to feet jicr 
second, or from 2 miles to 2 - 3 ^th miles per hour. I mea- 
sured it also repeatedly on the south-west bar, and found it 
there 3 feet per second, or about 2 miles per hour. But there 
are many parts of the river where the sjiecd of the current 
does not exceed 2| miles, or even 2 miles per hour, in times 
of flood, and where it is, notwithstanding, more than 100 feet 
deep. In fact, on testing the velocity of the south-west pass, 
4 miles above the bar, and in 5 fathoms water, I found 
tlie current to be but 2 miles per hour,— -precisely tlie same 
as it was under like circumstances of wind and tide on the 
bar. The current of the Mississippi sweeps over the bars 
at the mouths of the passes, and at periods of flood many 
miles out into the gulf, with a velocity almost undiminished 
by its contact with the waters of the gulf.’’ He therefore 
condudes that there is in the Mississippi no retardation of 
the rivei^s velocity on the bar to account for any dejxisitdue 
to such a cause. Another theory attributes bars to the want 
of sufficient scouting power ; but wlien we find bars existing 


at the mouths of such rivers as the Mississippi, we cannot 
attach much importance? to sticll a suggestion. Another 
theory attributes the absence of a bar to "‘the presence of a 
nearly equal duration of the period of the ebb and flow in the 
lower reach of the river accompanied by an extremely gentle 
inclination of its surface at low water.”^ To refer again to 
the Dornoch Firth, we have an eqttal duration of tlte ebb 
and flow throughout the firth, and a surface practically 
level, and yet we have as perfect a specimen of a bar at 
the Gizzen Briggs, at the mouth of the firth, as can jms- 
sibly be imagined. We cannot, therefore, in endeavouring 
to account for the existence of bars, or the exemption from 
them, accept the explanations to which we have alhidetl. 

The bars with which we have to do in tins country may 
be said to be of two kinds; one class of bars is due to the hard 
formation of the bottom, which occurs iji some s>ituations; 
the other class is dud to the action of certain tdements, on 
the soil matters of which the bottom in other places is 
composed. Of the fii'st class are buch bars as that at 
Ikllyshannon in Ireland, or at tlie entrance of Lodi Fleet in 
Sutherlandshire, both of which the writer has had (wawon 
professionally to examine. The bar at Loch Fleet, for 
example, is composed of l)oulder stones firmly imbedded 
in a mass of indurated gravel, and h obviously a comimui- 
tion of a bed of similar formation wliich wmiH to traverse 
the coast at that place. The con.*.tH|nence is, that no scour- 
ing power can prove available in dt epi niug the chanttel 
Such bars being entirely due to the liunine > of the bottom, 
are generally comparatively easily treated by the engineer, 
and an encouraging prospect is held out that their remt^val 
will be attendeii wdth permanent benefit, since, by excavat- 
ing a channel through them, the engineer at the same time 
removes the evil and its cause. 

In the other class are ct>mprehendc*d those sand-bars 
which occur at the mouths of the firtlis of Dornoch and 
Tay, and of the Tyne, Wear, Mersey, lUbble, and otlur 
tidal rivers and e.stuarie.s ; and it i;* to the formation of thetic 
capricious and troublesome accumulations that the theoricH 
to which we have alluded apply, 'i’he true honree of all 
such bars is to be foimd, as ulreatiy htatetl, in the action of 
the sea. Hie natural effect of the sea i.^ to throw up 
band, and form a continuous line of beach acrov‘»t!ie months 
of all our tidal rivers ami iiiiels; while, again, the flow of the 
tidal ami fire.dj-w.iter currents tends to maintaiti an open 
channel through the beach. In this way the antagonistic 
action of the waves of the sea on the one hand, and the 
currents of the estuary or river on the other, prmlnctf the 
well-known feature of a atibmerged beach or sand-imnk, 
extending from shore to shore across our inleta, having a 
dee{>er channel througli them, which channel k tenned the 
** bar.’’ This explanation is due to the Ablwit Gimteili, who, 
in his work on the Mensuration of Running Waters, written in 
the beginning of the seventeenth century. the \u : 

clear announcement of his views:® — ** u* the min r pnijir 

of the great stoppage of jwrts, I liold that all proceedeth 
from the violence of the sea, which bidng sometimes dis- 
turbed by winds, especially at the time of tlie waters flowing, 
doth continually raise from its bottom immense lieap.4 of santl, 
carrying tliem by the tide and Ibrce of the wave^ into tlie 
lake; it not having on its part any strengtli of cumin that 
may raise and carry them away, they sink to the laittoiti, 
and so choke up tlie jfxiris. And that this effect hapfH ttelh 
in this manner, wx* have most fr^pient t \r t rit : i thereof 
alonsr the sea-coasts ; and I have observed in Tintraiiy, on 
Ute Roman shores, and in tlie kingdom of Nafiles, tliat when 
a river falleth inUi ilie &l% there U always seen in the 
itself, at the place of the river’s outlet, the i\- l ud*! , m 


^ 'Treatise on the Xmprwment of the XXavi^ation of Miventf tiy W, A. Brooks. 

® The Mensuration of Running Watorsj by Don Benedetto CestelU, Abbot of St Benedetto Aloysio, and of llii maifatmaties to 

Pope Urban VIII. in Rome ; tramdated by Thomas Satnabary, London, X66L 
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Bivers. it were, of a half-moon, or a great shelf of settled sand under 
water, much higher than the rest of the shore, and it is 
called in Tuscany il cavallo, and here, in Venice, lo seanto; 
the which cometh to be cut by the current of the river, 
one while on the right side, another while on the left, and 
sometimes in the midst, according as the wind fits. And 
a like effect I have observed in certain little rillets of 
water along the Lake of Bolsena, with no other difference 
save that of small and great. 

“ Now whoso well considereth this effect, plainly seeth 
that it proceeds from no other than from the contrariety of 
the stream of the river to the impetus of the sea-waves ; 
seeing that great abundance of sand, which the sea con- . 
tinually throws upon the shore, cometh to be driven into 
the sea by the stream of the river, and in that place where 
these two impediments meet with equal force, the sand 
settleth under water, and thereupon is made that same shelf 
or cavallo; the which, if the river carry water, and that any 
considerable store of it shall be thereby cut and broken, 
one while in one place, and the other while in another, as 
hath been said, according as the wind blows ; and through 
that channel it is that vessels fall down into the sea, and 
again make to the river, as into a port. But if the water of 
tile river shall not be continual, or shall be weak, in that 
case the force of the sea wind shall drive such a quantity 
of sand into the mouth of the port and of the river as shall 
wholly choke it up. And hereupon there are seen along 
the sea-side very many lakes and mcers which at certain 
times of the year abound with waters, and the lakes bear 
down that inclosure, and run into the sea. 

Now it is necessary to make the like reflections on 
our ports of Venice, Malamocco, Bandolo, and Chiozza, 
which in a certain sense arc no other than creeks, mouths, 
and openings of the shore that parts the lake from the main 
sea ; and therefore I hold that if the waters in the lake 
were plentiful, they w'ould have strength to scour the 
mouths of the ports thoroughly and with great force ; but 
the water in the lake failing, the sea will, without any 
opposal, bring such a drift of sand into the ports, that if it 
doth not wholly choke them up, it shall render them at least 
unprofitable and impassible for barks and great vessels.” 
Conditions The conditions under which such accumulations are 
andcr formed the writer holds to be, — 1 The presence of sand 
which bars or shingle, or other easily moved material 5 2d, Water of 

a depth so limited as to admit of the waves during storms 

acting on the bottom ; and Zd, Such an exposure as shall 
allow of waves being generated of sufficient size to operate 
on the submerged materials. 

In confirmation of this opinion, we may once more refer 
to the Dornoch Firth. The Oykell joins it at a point about 
a mile below Bonar Bridge, but we find no indication of 
what may be termed a bar throughout the whole of the 
sheltered part of the firth, which extends for 12 miles sea- 
ward of that point, until we reach the outer portion which is 
exposed to the unbroken sea of the Moray Firth, and 
there we find an extensive sand-bank, forming as it were, 
a continuation of the shore on either side, and stretching 
quite across the mouth of the firth, with the bar in the 
centre of it. But the fact, that in all such bar-rivers and 
estuaries the depth is often found to be seriously diminished 
after heavy seas, is beyond doubt, and serves as a further 
confirmation of the correctness of the theory for which we 
are contending. 

The same reasoning may explain why, in such a case as 
the Firth of F orth, for example, no bar exists. The F irth of 
Forth is an inlet or arm of the sea, of great width, and depth, 
the seas entering it do not act on the bottom, so as to 


are formed. 
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cause a heaping up of the material of which it is composed, Bivers. 
in the same manner as in a shallow sea. This great natural 
depth continues as the Forth gradually contracts; and before 
the necessary conditions for the formation of a bar occur — 
namely, sufficiently sbillow water and presence of sand — the 
sea is so land-locked that waves of sufficient size to produce 
the necessary effect cannot be generated. There is, in fact, 
in the Forth that gradual diminution of depth, and increase 
of shelter, which combine to produce the phenomenon of a 
river without a bar. 

We must also notice a cause for the formation of bars 
advanced by Mr Ellet. Although it is not applicable to the 
rivers in this country, still, from the observations he has 
made, we think it likely that his theory, may be held to 
account for the bar of the Mississippi, It is founded on Belative 
the fact, that at the junction of a river witli the sea 
fresh water flows in a stratum above, and distinct from, the oi* 

salt water, for some distance after entering the ocean. This 
is occasioned by the higher specific gravity of salt water, tlie water, 
weight of fresh water being 1000, while that of salt is 1026. 

Before noticing Mr Ellet’s theory, however, we may state, Experi- 
that so far as we are aware, tlie first observations made on this at 
subject were those instituted by the late Mr Robert Steven- 
son, of Edinburgh, on the River Dee in Aberdeenshire, in 
the summer of the year 1812, while engaged in surveying 
that river with reference to a disputed right of salmon- 
fishing. Mr Stevenson, in his report on that subject, states 
that, by means of an instrument devised for that purpose, 
he ascertained that the salt or tidal water of the ocean flowed 
up the channel of the River Dee, and also up Footdee and 
Torryburn, in a distinct stratum, next to the bottom and 
under the fresh water o(‘ the river, which, owing to the spe- 
cific gravity.being less, floated upon it, continuing perfectly 
fresh, and flowing in its usual course towards the sea, the 
only change discoverable being in its level, which was 
raised by the salt water forcing its way under it. The 
tidal water so forced up continued salt ; and when the spe- 
cific gravities of specimens from the bottom were tried, 
they Were found to possess the greater degree of specific 
gravity due to salt water, while the surface specimens were 
found to be specifically unaltered. 

Similar observations have been made by the writer of this 
article in several places, with the same results. The 
appearance of fresh water floating on tlie surface of the 
sea is no doubt familiar to most persons. It occurs at the 
mouths of many of our rivers, and is most ap})arcnt wdien 
they are in flood, from the brown tinge given to tlie water, 
which is easily discoverable for many miles at sea. It is 
well known on our coasts to the crews of the welled smacks 
employed in cod- fishing, who invariably lose a great portion 
of their live stock if they happen to encounter wdiat they 
term “ a fresh,” which is believed by them to be a brackish 
portion of the sea, caused by the imperfect admixture of 
fresh water discharged from rivers in flood. On this sub- 
ject the following passage from the work^ of Father Manuel 
Rodriguez, a Spanish Jesuit, is interesting, and its correct- 
ness, as regards the extent to which the influence of large 
rivers is felt, has since been corroborated by the investiga- 
tions of Colonel Sabine.^ “ This river,” says Rodriguez, 
speaking of the Amazon, is like a tree ; its roots enter as 
far into the sea as into the land. It communicates to it a 
flavour, so that at 80 leagues within the sea its waters are 
seen, and taste sweet, and in a semicircle of 100 leagues in 
circumference they form a gulf not the least degree brack- 
ish, so that sailors call it the fresh sea.” 

But to return to the Mississippi : Mr Ellet, in the follow- 
ing extract, says ; — “ The river water does not mix suddenly 


^ M Maranam y Amazonas, Madrid, 1684, p. 18. 

^ An Account of JEasperimmts to determine the Figure of the Earth, as well as on various other subjects of Philosophical Engineering, T>y 
Edward Sabine, London, 1835, p, 445. 
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Elvers, with the sea, but rises upon it, floats over it, and rushes far 
out into the gulf on the top of the dense sea water, by 
which it is buoyed up. I tested this repeatedly, and found 
uniformly a column of fresh water, nearly 7 feet deep, in the 
gulf, entirely outside of the land, and salt water at a depth 
of 8 feet from the surface, and extending thence to the 
bottom. The river does not come down with a certain 
normal deptli and sf)eed, and encounter the gulf at the bar. 
No such process takes place. There is no sudden destruc* 
tion of velocity, or consequent deposit of suspended silt. 
But the water of the Mississippi does not move over the 
surface of tlie gulf at a speed of 3 feet per second without 
imparting a portion of its motion to the sea,^ The fresh 
water and the salt water lake the same direction towards the 
sea, and with nearly tlic same velocity, but yet keep separ- 
ate. Tills state of things clearly cannot exist at the bottom ; 
for as the river water is for ever coming forward, if the 
salt water all flowed towards the gulf, it would all be carried 
out, and river water would take its place. Salt water must 
come in from some quarter, to supply the current of sea 
water that is for ever setting towards the gulf*, beneath 
the water discharged by the river. This salt water can 
only come from the sea, and can only come in along the 
bottom. It is, in fact, an eddy that is here at work, the 
movements being in a vertical instead of a horizontal plane. 
Now, the question is, How does this account for the ex- 
istence of the bar? . The fresh water running out cannot 
produce deposit, for it has velocity enough to sweep away 
a foundation of coarse gravel. The outpouring salt water, 
immediately beneath the fresh, cannot produce deposit, 
because it also has a velocity seaward strong eno\igh to 
remove anything that is brought down the Mississippi. 
The salt water that is coming in might produce, and I 
doubt not does produce, a deposit, for it j)asses over the 
soft muddy bottom of the gulfi and moves into the river, 
and along the bar, at a very slow rate. According to these 
facts, and this reasoning, there must be usually on the 
bar three distinct strata : Fresh water, running out 

at tof), found by experiment on the S.W. bar to have 
a velocity of 3 feet per second. Salt water below the 
fresh, also running out with nearly tlic same velocity as at 
top ; and Salt water coming in slowly along the bottom, 
and apparently a sheet of salt water between" that running 
out and that coming in, which will be without motion. 

But as already said, and as is obvious, all the seawater 
that comes in must go out again. It comes in along the 
bottom, and it must go out between the column of salt 
water coming in and that of the fresh water going out 
Each particle of salt water, therefore, must change its 
direction and position in elevation. It must pass from an 
inward-bound lower stratum to an outward-bound upper 
stratum. But in passing through this change of motion, its 
velocity up stream must be neutralized. It passes, to use 
a technical term, the dead point. At this point it may 
cease to bear its whole burden of mud, whicli it has brought 
from the gulf further forward. It leaves it, or a portion of it, 
at tljc turning-i)oint. This turning-point is the place where 
the bar for the time being is in process of formation. But 
as the U{>i)er and lower strata are moving in opposite direc- 
tions, the intermediate column must of necessity have a 
rotatory motion ; tlmt motion must be shared by the lower 
column of salt water, and this turning-point must there- 
fore be found at the same time at different places alons: 
the bar/^ ® 

Mr Ellet gives an interesting detail of his experiments 
on the saltness and freshness of the water, as taken f'rom 
mfferent depths, and also of the means he took to ascertain 
the strength and directions of the two under-currents re- 


ferred to in his ingenious theory of the formation of the Eivers. 
bar ; but the details are too long to give in this sketch of 
his researches. 

We have seen that bars, in some situations, are formed 
by the hard strata of which the bottom is composed; that 
in other places they are due to the waves of the sea ; and 
that in the case of the Mississippi Mr Eilet attribtites the 
phenomenon entirely to the eddy caused by an under- 
current inwards. 

The removal of hard bars is, as already noticed, likely 
in most cases to result in a successful issue ; but the treat- 
ment of those bars which are due to the waves of the sea, 
virith which class of phenomena wc have chiefly to do in 
this country, is an operation not only more difficult to deal 
with, but far more uncertain in its results. 

From what has been said, the reader will sec that we be- of 
lieve the depih of water, on such bars as are caused by the 
waves of the sea, to be in some degree proportional to the 
scour produced by the tidal currents, which cross them ftnir " 
times in every twenty-four hours. If this assumption bo 
correct, it is obvious that the princijde wln(di slumld guide 
us in all our considerations as to increasing, or oven main- 
taining the de])th upon sea-bars, is the jlroservation of a 
sufficient amount of tidal water to counteract tlie tendency 
of the sea to heap up detritus at the motuhs of our harbours. 

These two agents, the toaves and the tidal seout^ are con- 
stantly opposed the one to the other : a stt^rm from the 
or a heavy flood from the land, occasionally causes the one 
or the other to have the ascendancy ; but this is only tem- 
porary. A variation in the depth of water on the bars of 
our harbours, caused by such temporary disturbances, may 
occasionally occur ; but nevertheless, unless some work of 
magnitude is formed, so as to alter permanently the natunal 
disposition of matters, no pilot has any difficulty in fairly 
estimating what is the general navigable* depth over the bar 
of any of our seaports. 

That tlie beds of the upper parts of rivers are scoured, Compari- 
and their depth maintaiuecl by the flow» of the fresh- 
stream, is not to he que.stioned ; and it is aLo \h \uwl 
that in many situations the upper portions uf the tidal com* 
partments of rivers are kt‘pt open in a great measure by U\ Mm 
the Iresh-water stream; but it is no less certain that tin* ntnl 
opinions which would assign the <ii*pth of‘ wati-r in the lower 
parts of tidal rivers, and also through estuaries and across 
bars, to any other cause than the action of tidal water m 
the chief agent, are erroneous. We think thU will be ap- 
parent by a reference to some of tl»e investigations whiclii 
have from time to time been made to ascertain the aunmnt 
of the river or imh water, m compared to tljo volume of 
tile tidal water of some of our firths and estuaries. 

By means of a series of careful observations and measure- 
meats made at the Cromarty Firth in IB37, to wliieh re* ^****‘^^ 
ference has already been made, Mr Akn Stevenson found **^'^®*' 
iJliat the River Conon, when highly flooded (a state 
matters which of course occurs only otmMomlly), dis- 
charges during twelve hours a quantity which is o«i*y equal 
to part of the water ^viach \mm out of the tirtli at 
every ordinary spring tide, and of that which pa*^ses 
out at neap tides. While in its summer-water state, the 
produce of the river is reduced to of the disekrge of 
tlic firth in spring, and of the distdiarge in neap titles ; 
a quantity too small to afiect appreciably either the velocity 
of the currents of tlie firth or their scouring j>ower. It lias 
often been argued, that in situations where the vehicity of 
the ebb exceeds that of tlie flood tide, the exce^*i is due to 
the increased quantity of water passing out with tlie ebb, 
tlie '‘^oltime of the ebbing waters being assumed to be aug- 
mented by the amount discharged by the riven But this 


Veatari's well-known experiments, from wklch he fotma, that a body of waiei* m 
with it the particles of water at rest with which it may he in contact. ^ xaotioii leada iilftgi 
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is wholly disproved in the case of the Cromarty Firth ; for 
while the increased quantity due to the river is seen to be 
only from to average velocity at the flood- 

tide at that place was found to be 2*9 miles per hour, while 
that of the ebb was 3'6; an increase which is in all proba- 
bility due to the tide beyond the Suters falling more rapidly 
than it rises, and thus producing a greater head and more 
rapid current on the ebb, but is assuredly not due to any 
augmentation of water from the discharge of the Conon. 
The Tay presents another example of the disproportion be- 
tween the tidal and river waters. That river, as gauged by 
Mr Leslie when in flood, was found, including the Earn, 
to discharge 969,340 cubic feet per minute. Mr Walker, 
in his report to the trustees of Dundee harbour, assumes 
the discharge in round numbers at one million cubic feet 
per minute, or 240,000,000 during four hours, and arrives 
at the following conclusion : — To compare the above with 
the effect of the tidal water at Dundee, I assume 15,000 
acres as the average area (above Dundee) of the reservoir 
or estuary daring the first four hours of the ebbing tide, 
and the vertical fall of tide during these four hours to be 
II feet. This will give 7,187,400,000 cubic feet, or thirty 
times the 240 millions of river water. To compare the 
effect upon the har^ the area of the river between Dundee 
and the bar must be added ; and the tidal water upon the 
bar will then be upwards of forty times the river water.’' 

It will be apparent that an important question is suggested 
as to the manner in which such works as we have recom- 
mended for improving the upper parts of rivers may operate 
in assisting or retarding the scour of the bkr. We have 
no hesitation in replying, that if executed in the manner we 
have indicated, they will improve the higher part of the 
river without prejudicially affecting the bar, and in certain 
cases they will operate beneficially on the bar also. 

The construction of piers for improving the entrances of 
rivers, as in the case, for example, of the Wear at Sunderland, 
is more properly included in the subject of harbours. Such 
works seem to us to act beneficially, not so much by increas- 
ing the depth on tlie bar, as by limiting the extent of shoal 
water at the entrance to the river. In its natural state such 
a river as the Wear flows across the beach from high to low 
water in a broad and shallow channel, the direction of which 
is ever changing. It thus forms a long bar or shoal, with 
broken water throughout its whole extent. But the projec- 
tion of piers across the beach affords shelter from the waves, 
and admits of a navigable channel being excavated and 
maintained ; and after a vessel crosses tlie short bar, W’hich 
occurs at or near the pierheads, she not only gets into deeper 
water, but has the additional advantage arising from the 
shelter afforded by the piers. To this extent piers in such 
situations are highly advantageous. They further act bene- 
ficially in directing the flow of the tidal currents in a fixed 
channel across the beach and bar, and, in connection with 
an increase of tidal capacity in the interior, such as we have 
mentioned as the result of the works on some rivers, they 
cannot fail, if judiciously designed, to operate beneficially 
by maintaining an increased depth of water on the bar* 

In certain situations where the coasts* are faced with 
gravel or shingle beaches, accumulations or bars may be 
le^ened by means of groynes, so formed as to intercept 
the gravel, and either retain it, or lead it past the harbour’s 
mouth into an adjoining bay. The writer has in several 
situations recommended the adoption of such works ; and 
Mr Walker has applied them with success at the harbour 
of Newhaven in Kent, where, in conjunction with increased 
backwater, due to deepening and removal of obstructions, 
the depth on the b|ir has been materially increaBcd. 


SECT. IX. — ^FOKMATION AND RECLAMATION OF LAND. 


Rivers. 


Such twofold schemes as have for their ostensible object Schemes 
the improvement of rivers and the formation ofland^ liavefor gaining 
generally been unsuccessful in benefiting navigation. We}^"^^ 
do not affirm that river-works, constructed on the principle 
which we have advocated, have not the effect of making not gene-^ 
land, in the particular sense in which we shall afterwards rally com- 
explain it; but we do state that land-making is no part ofpatihle. 
sound river engineering. Judiciously designed works may, 
as we shall presently explain, have the effect of reclaiming 
and protecting land, while at the same time they, as their 
primary object, benefit navigation ; but we know of no case 
where the interests of navigation have been promoted by 
any measure which has for its object the conversion of large 
tracts of tide-covered sands into cultivated fields. 

We refer to the Dee in Cheshire, as an aggravated in- 
stance of the incompatibility of the two interests.^ The 
outline of this river is shown in Plate I., from a survey by 
Messrs Stevenson, made in 1838. The River Dee Com- 
pany, incorporated by act of Parliament in 1732, have from 
time to time reclaimed from the upper part of the estuary 
a large tract of land, extending to about 4000 acres, which 
is now in full cultivation ; and alongside of this gradually 
gained territory the river has been conducted from Chester 
to near Flint, in a narrow canal of about 8 miles in length, 
and 400 feet in width. A considerable portion of land has 
also been reclaimed on the Flintshire side of the estuary, 
though not by the proprietors of the Dee Company ; and it 
is believed that the aggregate amount wliich has from first 
to last been gained from the sea is about 7000 acres. Now 
it is well authenticated, that previous to the commencement 
of the land-making operations on that river, there was a 
depth of not less than a fathom at low water of spring tides 
up as far as Burtonhead, and that there was an anchorage 
for vessels of the largest size opposite to Parkgute, the 
positions of which places are marked on the plan. But 
when the writer surveyed the Dee in 1838, the depth of 
6 feet was not found for more than 6 miles below Burton- 
head, the low- water features of the estuary having been 
forced to that extent further seawards by the extensive 
reclamation of land in the upper part of the estuary, and 
the consequent diminution of the tidal scour. It cannot, 
we think, be disputed, that the effect of the works executed 
on the River Dee, whatever may have been the anticipa- 
tions of their projectors, has been to shut out the sea, and 
form land at the expense of the navigation. They are 
designed, in fact, in direct opposition to the general prin- 
ciple laid down in the present treatise, which provides for 
the admission of the greatest possible quantity of tidal water. 

It seems also equally clear that an increase of tidal water increase of 
must inevitably attend the execution of such works as we tidal water 
have proposed; but in proof of this assumption, and in contrast produced 
to the case of the Dee, it may be well for the reader's in- 
formation to cite examples which have occurred in practice, 
Proceeding on actual calculations of comparative sections Xiune. 
of the River Tay before and after the operations, the writer 
found that by the lowering of the low-water line, consequent 
on the improved state of the river, an additional quantity of 
sea water, amounting on an average to not less than 
1,000,000 cubic yards, or 760,560 tons, is during every 
tide propelled into and again withdrawn from that part of 
the river which lies above Newburgh. This quantity is 
equal to two hours' discharge of the Tay in its ordinary state ; 
and it therefore follows that the additional tidal discharge 
for one year is equal to two months' constant ordinary flow 
of the River Tay. In the same way it was found by 


^ Great Britain Ooavting Bitot, Captain Greenville Collins, hydrographer in ordinary to the King’s most excellent Majesty, Lon- 
don, 1767 ; ReporJj to the A-dWtralty^ l)y Captain Washington; Bsport of TiM Eo^lmr Oomfnitsionert i Beport by Messrs Stevenson, 
1839* 
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Elvers, calculation that the additional amount of tidal water adnaitted 
^ jr « ■ ^ every tide into the Lune above Heaton, in consequence of 
the operations, was 736,278 cubic yards.^ 1 o estimate truly 
the beneficial effects of these important changes on the 
scouring power of the Tay and the Lime, it must be kept 
in view, that in both cases the increased volume of tidal 
water, being obtained by the enlargement of the low-wdter 
channel, operates during every tide, and thus niay be held 
to produce the maxitnuni amount ol benefit ; for it is obvious 
that a cubic yard of low-water area, gained in the low-water 
channel, and filled by every tide, is very much more valuable 
than a similar amount of space gained at or near high-water 
of spring tides, which is filled only at remote intervals. 
Depression The tendency, tlien, of the whole system of works rc- 
oflow- commended in this treatise is to lower tlie low-water line, 
waterline to admit an increased amount of tidal water to act on 

apt to mis- low-w'ater channel. But the depression of the low- 

water line, particularly when the river is confined by walls 
in the lower part of an estuary, conveys the impression that 
a great rise has taken place in the level of the adjoining 
sand-banks, and it has consequently been thought that the 
erection of river walls is inconsistent with the principles 
of non-exclusion of tide- water which we have recom- 
mended ; bxxt we are enabled to show that this is not the 
case. In its natural state, the channel of such an estuary as 
the lAine or the Ribblo, as already explained in section iv., is 
.subject to constant change of position. The writer has seen 
many acres of marsh or grass land in such estuaries carried 
off by the waves, and the solid matter of which they were 
composed scattered over the shores and sand-banks. Now, 
the effect of fixing the channel by means of walls, in the man- 
ner which has been recommended, is to form one permanent 
imvigable track; and the banks on cither side, being no longer 
subject to the periodical inroads of the river or tides, graclu^ 
ally rise in edevation until they are capable of producing 
vegetation, and ultimately become what are termed marsh 


lands. When a river channel has been thus fixed and Eivew, 
confined by walls, it has been ascertained by repeated ob- 
servation that the tidal water comes up the channel in a 
comparatively pure state, instead of being loaded with par- 
ticles abraded from the sand-banks and marshes. It has 
also been found that the process of defiositat the sides of an 
estuary so improved goes on very slowly after it has reached 
a certain stage ; for the materials deposited on the upper 
parts of the banks are, as afterwards more particularly de- 
scribed, exceedingly fine, anti are carrietl only by the 
highest tides, which seldom reach those elevated portions 
of the shores. From all these considerations we infer that 
the effect of river-walls upon an estuary is to prevent 
the constant disturbance of the materials of which tfie 
banks arc composed, but not to occasion additional ac- 
cumulations. 

The writer had an opportunity, in the case of the Lune, A« 
of testing by actual measurement in how far tiie raising of 1” the 
the banks, caused by the erection of walls, was due merely 
to a new disposition of the materials wliich originally filled 
the bed of the estuary, or to additional foreign matters 
deposited in consequence of the operations ; and the fol- 
lowing results arc instructive, being, it is believed, tlie 
only observations that hav6 been made to determine the 
state of the sand-banks of an estuary aflcr the river has 
been improved, as compared w ith their former condition- 

The rubble walls and other works constructed on the 
Lune caused, as might have been expected, a very consid- 
erable alteration in the position and form of the sand- 
banks in the estuary ; and this alteration, in connection 
with tlic de[)ri'j'>i(>n of from 2 to 3 feet in the low-water 
level of the river, was apt to lead a casual observer to 
sup|)Ose that a great accumulation of sand had taken place, 
and ccmsec|uently that a corresponding amount of back- 
water had l)een excluded. The writer w^as authorized by 
the Admiralty to make such observations as were neces- 



sary to determine the true state of’ the case- Figure 24 
represents the changes that were produced by the works. 
Over the whole area wliich is represented as covered by 
sand a deposit had taken place, the banks being higher 
than formerly ; whereas the whole area included in hatched 
lines had been scoured, the banks having been lowered. A 


careful calculation was made, founded on numerous sec- 
tions taken in 1B38, before the works commenced, and In 
1851, after their completion. The result of this investi- 
gation w'as, that after the completion of the works, the 
amount of deposit on the Sjiace shown as sand in the cut 
w'as 3,070,146 cubic yards; while the amount of “scour on the 


The mere cubic contents dredged from a ford or sboal often form no meaaare of tbe gain of tidal water due to the operationt, bo- 
cause the removal of such an obstruction has the effect of lowering the low-water line for a considerable dinttince up the river, the ex- 
tent to which the influence of the works extends depending on the amount of fall ; and the whole of the wedge-shaped space loelad^wd 
between the old and new low-water lines is a clear gain of tide-water, and the cubic contents of this space generally greatly exceed the 
cubic quantity of materials removed from the ford by dredging. 
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Rivers, space shown by hatched lines was 2,810,449 cubic yards; 
giving an excess of deposit of 259,697 cubic yards. But 
the amount stated as having been scoured does not include 
what has been taken away below Glasson and Basil points ; 
and which has doubtless been deposited in the bank above- 
Tlie survey of 1838 did not afford data for ascertaining the 
amount of what had been scoured from below Glasson with 
sufficient accuracy to admit of its being included in the fore- 
going calculations. But an amount of scouring was ascer- 
tained to have actually occurred at that place, which was 
amply sufficient to counterbalance the surplus of 259,697 
cubic yards of deposit, as given in the above statement. 

Such a result, we think, may indeed be expected ; for 
it is difficult to conceive in what way parallel walls formed 
in an estuary can operate either in bringing down addi- 
tional alluvial matters from the river above, or in bringing 
up additional detritus from without the bar. 

Holding these views, and supported by the actual obser- 
vations made in the case of the Lune, we therefore con- 
clude — 1^^, That works executed in accordance with the 
principles laid down do not necessarily produce addi- 
tional accumulation of matter, but simpl// alter the dispo- 
sition of the existing materials of which the bed of the 
estuary was origmally composed, 2dj By deepening the 
navigable track they admit of a large accession of water 
to act upon the low-water channel during all tides, and at 
the most favourable period of tlie tide. Zd, That the 
depth of water on such bars as are produced by the ac- 
tion of the waves may be maintained, and even increased, 
by means of the works which have been described as appli- 
cable to the intermediate or tidal compartments of rivers. 
.Size of Wliile treating of deposits, this is probably the proper 
particles place to observe, that the size of detrital particles which 
transport- be carried by a current depends on the velocity 
ti nal^r^" of the stream, the nature of the bottom along which the 
vXcity'^of ^^^itritus is moved, as well as the shape of the particles of 
stream; which the detritus itself is composed, and is altogether a 
subject so dependent on special circumstances, that there 
IS great difficulty in laying down rules which can be ge- 
nerally applicable. The following are the results of expe- 
riments made by Bossut, Dubuat, and others, on the size 
of detrital particles wdncli streams flowing with different 
velocities are said to be capable of carrying : — 

3 in. per sec.=0*170 mile per hour will just begin to work on 
fine clay. 


6 „ 

fj 

=0-340 

do., will lift fine sand. 

8 „ 

}} 

=z0-4546 

do., will lift sand as coarse as linseed. 

12 „ 

)? 

=0*6819 do., will sweep along fine gravel. 

24 „ 

fj 

=1*3638 do., will roll along rounded pebbles 1 inch 




in diameter. 

3 ft. 

9) 

=2*045 

do., will sweep along slippery angular 


stones of the size of an egg. 

The only recent experiments made on this subject are 
those of Mr T. Login, C.E., given in the Proceedings of 
the Royal Society of Edinburgh^ vol. iii., p. 475, which 
were made with a stream seldom exceeding half an inch 
in depth ; and are as follows : — 


Nature of Materials. 

Rato of sink- 
ing in vrater. 

Current required 
to move. 

I 

Brick-clay when mixed with 
water, and allowed to settle 1 

for half an hour J 

Rresh-water sand 

Sea sand 

Rounded pebbles about the ) 

size of peas j 

Vegetable soil 

Feet per 
minute. 

•566 

10 

11*707 

60 

’ — 

Feet per 
minute. 

15 

40 

66-22 

120 

50 

Mile Iper 
hour. 

•170 

•454 

•752 

1*37 

•66 


Brick-clay in its natural state was not moved by a current of 128 
feet per minute, or 1'46 mile per hour. 


We give these results as they have been stated by their Rivers, 
authors; at the same time it is necessary to say that, for the 
reason above mentioned, we consider their application in 
practice to be very uncertain. Regarding the subject in a 
general point of view, however, certain laws as to the trans- 
mission and deposition of detritus will be found applicable 
to certain situations. On this subject Sir H. De la Beebe 
says:^ — Where the velocity of a river is sufficient to pro-^^ 
duce attrition of the substances which it has either torn up, 
collected by undermining its banks, or which have fallen matters 
into it, they gradually become more easy of transport, and found next 
would, if the force of the current continued always the sea. 
same, be forced forward until the river delivered itself 
into the sea ; but as the velocity of a current greatly de- 
pends on the fall of the river, the transport is regulated by 
the inclination of the river^sbed. Nowit is well known that 
this inclination varies materially even in the same river; so 
that it may be able to carry detritus to one situation, but 
may be unable to transport it further under ordinary cir- 
cumstances, in consequence of diminished velocity. As a 
general fact, it may be fairly stated that rivers, where their 
courses are short and rapid, bear down pebbles to the seas 
near them, as in the case of the Maritime Alps, &c. ; but that 
where their courses are long, and change from rapid to slow, 
they deposit the pebbles where the force of the stream dimi- 
nishes, and finally transport mere sand or mud to theirmouths, 
as is the case with the Rhone, Po, Danube, Ganges, &c.” 

This holds true in the case of such rivers as those to The re- 
which Sir H. De la Beche refers ; but it will be found that verse of 
the case is exactly reversed in tidal estuaries. There the this the 
heavier sands and deposits are found at the mouth of the 
estuary, and the particles are lighter as we recede inwards. 

The writer lias tested this on several occasions, more particu- 
larly in the Dee, the Kibble, the Lune, the Wear, the Forth, 
and the Tay, by agitating equal quantities of sand and de- 
posit (taken from different parts of the tidal estuary) in equal 
quantities of water, and observing the time which elapsed in 
each case before the materials were deposited and the water 
assumed a state of purity. The result of these observations 
proved that the sand of outer or seaward banks was com- 
posed of large particles, which were held in suspension only 
a few seconds, and that in the inner parts of the estuary 
the deposit decreased in weight, and that generally it de- 
creased from low to high water, w'here the silt was exceed- 
ingly fine, and remained in suspension in some cases even 
for hours after the agitation of the water. The following 
statement by Mr William Bald of experiments made on 
materials taken from different parts of the bed of the Clyde, 
shows the variety of materials found in the same stream, 
and is a valuable record of the weight of the deposits which 
form the beds of our tidal rivers — 


UaroszTS. 

Lhs.to 

cubic 

feet. 

No. of 
cubic ft. 
to the 
Ton. 

Fine sand and a few pebbles laid in the box, 1 
loose, not pressed, nearly dry J 

87 

26 

Do. do. pressed 

92 

24 

Mud at White Inch, dry, and firmly packed ; ) 

97 

23 

contained very fine sand and mica J 

W et mud» rather compact an d firm, wellpressed 1 
into the box J 

115 

19 

Wet, fine sharp gravel, well pressed 

124 

18 

Wet running mud 

122i 

18*1 

Sharp dry sand deposit in harbour 

92 

24*3 

Port-Glasgow Bank (sand)wet, pressed into a box 

120J 

18-6 

Sand opposite Erskine House, wet, pressed 

1X6 

19*3 

Alluvial earth, pressed 

93 

24 

» » loose 

67 

33 


The writer of this artiole found the gravel of the Tay to he 18 
feet to the ton. 


^ De la Beche’s Geological Mmml. 


^ Trane, of ImHtution of Civil Engineert, vol. v., p. 330# 
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Elvers. The quantity of solid matter carried or Iield in suspen- 
sion by rivers has also been made the subject of observa- 
QuaDtity tion ; but the different observers whose remarks have come 
of matters under our notice have stated their results in different ways, 
in suspen- gome giving the weight and others the hvlli of detritus, 
sion. assuming 18 cubic feet of solid matter to weigh a ton, 

we think the following table presents a hiiv view of the cubic 
measure of solid matter, and the ratios of volume and weight 
in each case. In submitting this table, we must observe 
that the discrepancies in the statements are so great, that 
further observations are necessary before any satisfactory 
conclusion can be arrived at; but wo give the results as 
they have been stated by their respective authorities : — 


Name of Hirer. 

Cubic incliea of 
solid matter in 
every cubic yard 
of water. 

Ratios of volume 
of solid matter 
to volume of 
water. 

Ratios of weight 
of solid matter 
to weight of 
water. 

Mississippi, mean.,, 
Irrawaddy, in flood.. 

Do., ordinary state 
Ehine, in flood ...... 

Do., ordinary state 

Do., mean 

Mersey, flood-tide... 
Do., ebb-tide 

15-5 

Xl*71 

4-1 

1*87 

1-13 

1'5 

29* 

33* 

TToVv 

TruVx 

mlsv 

Qxihi 

ttjVo 

rftT 

17^0 0 

T!f\s 

I3t>^a4 

TTir 1 wit 
_ f f water 
VflS ) 


From this table it will be seen that the Rhine, as compared 
to the others, is exceedingly pure ; while the waters of the 
Mersey, on the other hand, hold in suspension a very large 
amount. It must be kept in view, however, that the source 
from whence the sedimentary matter in the Mersey is de- 
rived is very different from any of the other cases men- 
tioned in the table. The main part of the solid matter in 
suspension in the Mersey, and indeed in all our tidal rivers, 
is sand, stirred up by the flowing tide, which is defiosited 
again during the ebb-tide. The sedimentary matters in 
such rivers as the Mississippi or the Irrawaddy, on the other 
hand, are borne down from the low tracts of‘ alluvial coun- 
try through which it flows, and form a constant and (tonsc- 
quontly increasing deposit at the mouth of the river.’ 
Formation In all cases where the tidal currents across tlie mouths 
of deltas, rivers are languid or altogether absent, a.s in the 

Mississifjpi, the Nile, the Danube, and other continental 
rivers, the deposits brought down are not carried away, but 
form deltas, which collect with greater or less rapidity in 
proportion to the quantity of material brought down and 
the depth of water in which it is deposited. Mr Ellet com- 
putes tlic delta of the Mississippi at 40,000 square miles in ex- 
tent, its average length from north to south being 500 miles. 
Assuming the sedimentary matter brought down at ^t? 5 ]yth 
of the volume of water, and the discharge of the river at 
21,000,000,000,000 cubic feet per annum', he estimates that 
this vast accretion of deposited stuff must have formed at 
an average rate of 1 mile in 99 years, giving a period for its 
entire formation of something like 45,000 years ! Sir IL De 
la Beebe has, however, with reason, suggested that deltas 
would increase most rapidly at the first period of their forma- 
tion, on account of the greater declivity of the river, and the 


supposition that the detritus from the interior wotild become Rivers, 
gradually less, from the equalization of levels and the fewer 
asperities that agents have to act on ; and thus it seems 
impossible to calculate from the present rate of accretion 
the time wliich the whole mass has taken to accumulate. 

In concluding this treatise, we have to point out in what Adjoining 
way, and to what extent, river improvements conducted on 
the principles advocated benefit adjoining property ; for it 
is obviously highly important if* the two objects of river md improve- 
land improvement cun be curried on simultaneously, and ments. 
we think that to a certain extent this is perfectly j)racti- 
cuble. The attempts of proprietors to protect the fare- 
shores of their lands from tlie encroachments of rivers in 
tidal estuaries are often attended with grout expense ; and 
if those efforts prove for some time effectual in warding off 
the approach of the channel, the land speedily takes on vege- 
tation, and is fit for pasturage. Hut tlie tentire by which 
such property*Js held is very slight ; and the spot wliich to- 
day affords grazing for cattle may in a few tides become the 
navigable channel of the river. Now, it is ohviou*^ that tlu* 
perfect protection from such encroachments afforded by the 
training and gtuding of the low-w’atcr channel by longitu- 
dinal walls, adds materially to the vahic of t!m adjoining 
property ; for not only is the land lK?yond high-water ntaric 
completely protected Irani encrciachment, but the marsh 
lands bordering the estuary become in fact //' n/zu//^ ni pro^ 
pertg^ and not an ever-changing benefit held for one year 
and probably lost the next. Marsh lands so protected from 
waste arc still, it is true, liable to be floodecl by high tides, a 
circumstance, however, which h considered by somtt pt rs<»iH 
not injurious, but rather beneficial, for marsh pasture lands. 

The process of reclamation in all such cases goes on very 
slowly after it has reached a certain stage, because, as the 
hanks rise, they are more seldom covered by the title, and jaua*. 
the materials deposited on the inner and higher parts of the 
banks are, as already .stated, exceedingly fiius and are car- 
ried only by the higlu^.st tides, wliieii seldom reach tliem. 

Mr Park luisflnindon the Kibble that the first indications of 
vegetation appear when the hanks are elevated 12 ii et above 
the ordnance datum-line, which is thenu'au level cffih(*sta. 

This height corresponds at the* Kibble to ulumt the level of 
high-wat(*r of neap tides. I^Ir (h>nJ{)n“ also found, that in 
th(* Norfolk estuary the samphire* ht^au to settle on the 
aands, whicii the neap tides just cour,” am! that ** grass be- 
gan to grow abciut one ilm above tlu- sunphiii* leveh'^ Sticli 
marsh lands, if left unproa ru d, must remain for ever liable 
to be covere<l duriie.: hi.Ij floods or titles, and therefore 
cannot be md to he available as arable laiuU, without the 
erection of considerable works for the purfmii^e of protecting 
them from floods, and |)roviding for their effectiml drainage. 

As the erection of such works, however, forms no part of 
river improvement, we allude to them in this place <mly for 
the purpose of remarking, that in all cases they should be 
erected with caution. There are situations in which the erec- 
tion of emhanknjents for protecting land may be injuriotts to 
the interests of navig.ation ; there are others in which such 
works, if judiciously laid out, may be harmless ; hut their 


1 Mr Ellet says that the sedimentary matter transported by the Mississippi forms part of the wiume discharged hv the river. 

(Ellet, On the Ohio and Mr T. Login, C.E., in Pegu, states in a paper on the Delta of the Irrawaddy, read before the i{.n»ai 

Boolety of Edinburgh, session 1857, that the waters of the Irrawaddy contained part of their w/jrAt of sediment during douds, 

and part of their weight when the river was in a low state, and gives the mean deposit at 8 indies per cubic yard.—.Mr Leonard 
Homer found that tho water of the Rhine at Bonn contained from tvbstli part of its weight during Hoods to f ^hith part of iu weight 
in a low state* (Arcana of Science and Art, 1835.)— Captain Denham found that tho tidal water of the Mewy coinain<*a cy cubic inches 
of solid matter In every cubic yard during Hood-tide, and 33 cubic inches !a every cubic yard during ebb-tide. (OWrcotiuas on ih$ Mtr- 
««p, by Oaptatn H. M. Denham, ILN*., Liverpool, 1840.)— Mr Lyell says « Hartsaeker computed the Rhine to cuntain, when most 
flooded, X part hot 100 of mud in suspension. By several observations of PIr it appeared that the water of tli« VeUow 

Elver in China contained earthy mutter in the proportion of 1 to 200. li, the <- l-h: r.u j UuUan hydrographer, conceited the 

av^e proportion of segment in all running water to bo ^ f^tb. Some writers, on the ctmirary, as De Maiilet, have declared the moil 
turbid waters to contain flsr Urn sediment than any of the above estimates would import ; and there is so much contradlethm and Incon- 
sistency m the facts and speculations hitherto promulgated on the subject, that we must wait for additiotsai experlminta befora we can 
form any opinion on thesubjeet.” (Brinmpke of Geolm> ^ Charles Lyell, F.E.8., honHoiij 1830, vol. i., p, 2i7A 
a Meport on JSforfolk J27«ttKwy, by L. D* B. Gordon, 0.E*, Glasgow, 1856. * ^ 
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Bivers. effect in any case can only be determined by a careful 
consideration of the special circumstances of the locality in 
which they are erected. We know many cases where the 
interests of navigation have been sacrificed by unwarrant- 
able encroachment; and, on the other hand, instances are 
not wanting where even important works have been em- 
barrassed and crippled by an over-cautious regard to the 
principle of iion-eiicroaclmnent on the high-water line. 

With reference more particularly to the operations of 
landowners, it is notorious that in many cases attempts to 
reclaim or protect property have led to serious and costly 
legal proceedings between landowners and the local con- 
servators of navigations ; and this we are sensible has in 
some instances arisen from a feeling, on the part of the 
landowners, that their operations could not be regarded as 
prejudicial. The local conservators, on the other hand, 
have generally no means of knowing what the ultimate in- 
tentions of the landowners are until their operations have 
proceeded so far as to render it impossible, if the interest of 
navigation require it, to stop or to remove the works with- 
out considerable loss. A difference of opinion has thus 
been raised, which has too often ended in an expensive law- 
suit. We have long held the opinion that it would in many, 
if not in all, of our estuaries, be most desirable to have a 
line of conservation marked out by the Admiralty (without 
• whose authority no encroachment can be made within high- 
water mark) for the regulation of all works for the protec- 
tion of land. Were such a line defined, the landowners 
could then wdth confidence, and without risk of challenge, 
enter on such works within the line of conservation as they 
considered necessary for the protection of their property, 
and a source of much difference of opinion and expensive 
litigation would be at once removed. We had hoped that 
the Tidal Harbour Commission, who have been enabled, 
through the exertions of Captain Washington, the hydro- 
grapher of the Admiralty, who was one of the commission, 


to give in their printed reports so valuable a fund of infer- Bivers. 
mation on our tidal harbours, would have terminated their N— 
labours by pointing out and I'ecommending some such sys- 
tem as we have suggested of defining lines of conservation 
for all the important rivers and estuaries of the country. 

It is obvious, however, that were such a duty to be per- 
formed, it must be committed to a duly qualified commis- 
sion, acting most naturally under the Admiralty, and so 
composed that the protection of navigation, and the in- 
terests of landowners or trustees for public works, should 
be fully represented, the w'hole of its members being actu- 
ated by one common desire to do what is best for the 
community at large. 


The following is a statement of ratios between the dis- Discharges 
charges of certain rivers during low-water and when in of Rivers, 
flood ; but it must be kept in view, as stated in tre|Lting of 
the formulae for calculating the discharge, that its deter- 
mination is a difficult problem; so that the results stated 
with reference to the discharge of different rivers must be 
received with this caution as to their accuracy. 


Clyde 

Moan Discharffo. j 

Cubic ft, per min. ^ 

48,000 194,000 

1 to 

4-0 

Conon. 

7,969 

216,689 

1 


27-2 

Earn.,.,...., 

54,000 

215,600 

1 


3*9 

Ganges 

, 12,420,000 

29,662,480 

1 

31 

2-4 

Irrawaddy.. 

... 4,500,000 

45,000,000 

1 

3 » 

10-0 

IVlississippi. . 

...39,954,000 

76,800,000 

1 


1-9 

Nile 

... 1,386,000 

13,200,000 

1 

33 

9*5 

Tay... 

218,000 

753,740 

1 

31 

3-4 

Thames 

80,220 

475,000 

1 

33 

6*9 


The high ratio on the Conon may be due to the steep- 
ness of its bed, and the absence of any natural lake or 
reservoir on its course to act as a regulator. 

The quantities in the following tabic represent the dis- 
charges of the rivers in their ordinary state. 


Physical Characteristics of Rivers. 


Name of 
Hirer, 

Length, in 
miles. 

Area of 
drainage in 
square 
miles. 

Ordinary 
disoliarge 
per minute 
in 

oubio feet. 

lllf 

ml 

Slope of snr- 
faee in inches 
per mUe. 

Part of Rirer 
where slope occurs. 

Length of 
River 
affected 
by tide, in 
miles. 

Depth on 
bar at 
lowtrator, 
in foot. 

Authority. 

Amazon ^ 

4000 




2*34 


400 


N. Boardmorc’s Ilyd. Tables, 
Messrs Stevenson, 0,E.,Edm, 
A. Nimmo, 0.E, 

J. Tire, C.E.. Glasgow. 

Annan -- 

35 




66 

( Annan Waterfoot to Annan ) 

1 Bridge, 2 miles } 

2 


Boyne 

60 

700 

180,000 

257 

2 



98 

945 

48,000 

65 

n 

1 Broomielaw to Port-Glas- J 

1 gow, 18 miles | 

22 

1 nobjir 



Glasgow. 

Oopon 

35 

399 

7969 

19-9 





Atessrs Stevenson, Edin. 


44 

60 


Si 


E. K. Calvor, II.N. 

J. Gibb. 

bee, Aberdeen.. 

87 

765 

10,675 


81 

Ijower part.... 









( Messrs Stevenson, Edin. 

Dee, Chester 

85 

620 

29,385 

75*7 

n 

Chester to Flint 

32 

9 * 12' 

i and Admiralty Report, by 

1 Captain Washington. 

Eorth....... f 

63 

1 452 

11 

Black Dub to Stirling, ( 

15 

abovoAUoo. 


Before work8< 

above 

Altoa. 

... 

13 

Stirling to Alloa 1 

j no bar 

Messrs Stevenson. 

wereexcout. 

j 




/ 




V, 

Foyle 

05 

1100 

31,600 

28-6 

1’25 

Londonderry to Culmore Ft. < 

.60 

above Lon- 

! - 

Messrs Stevenson. 


donderry. 

j 

( lohnston's Physical Atlas. 

^ Beardmore's Tables. 

Ganges 

1680 

432,480 

12,420,000 

28-7 

8-37 

f Bajmahal to Mirzapore ) 

[ Creek } 





1 Rev. ^ Everest. 

Irrawaddy 

... 

... 

4,600,000 

... 

f 1-G 

1 3*8 

in summer 1 

in flood J 

105 

... j 

T. Login, C.E. 

Lune 

60 




26*76 

Glasson to Heaton, 3i miles ^ 




Before works 
were exeout. j 

... 

... 

... 

f 20- 

1 I 

Heaton to Lancaster, 2i ... 1 
( Average Mope between j 
\ Glasson and Lancaster. . , J 

... 

... 

Messrs Stevenson. 

Mersey 

70 

4400 

includ* 

Missouri 

1,748 

|l,226,600 






9 to 10 

Captain Denham, R.N. 

C. Ellet. 

Mississippi... | 

39,954,000 

32*5 

f 2*8 

\ 3*25 ! 

ordinary C from Ohio to Gulf 1 
flood 1 of Mexico J 

... 

Ness 

7 

700 

620,200 



96 

Loch Doebfour to Kessock.. 

2 


Messrs Stevenson. 

Nile 

2240 

1,386,000 

2*6 

f 6-6 
i 3-25 

when high i Cairo to Medi- \ 
when low« ( terranean... ) 



( N. Bcardmore. 

\ Johnston’s Physical Atlas. 





Nith 

46 1 




20 

Dumfries toBurron Foink. 


... 

Messrs Stevenson. 









88 

ITaviga- 
tion Laws 

I 

ISTaviga- 

tor’s 

Islands. 
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Physical Characteristics of Rivers — Continued, 


Natno of 
lliver 

Length in 
miles. 

Area of 
dram ago m 
square 
miles. 

Ordinary 
discljargo 
per minute 
in 

cubic foot. 

ll® 

w <’5 

lilt 

:Jr 

m 

Slope of sur- 
face iu inches 
per mile. 

Part of River 
'Where slope occurs. 

Length of 
River 
affected 
by tule, 
iu miles. 

Depth on 
bar at 
low water, 
in feet. 

Authority- 




3,960,000 

44-5 

'2119 

119 

Source to Reicbenau \ 

Reiohenau to Constance ... | 



( Johnston's Physical Atlas, 

1 Beardmore*fl Tables. 

1 Falls and Discharge, from 
(L. Horner, Esq* 

Rhine* 

700 

88,853 

63 

Constance to Basle s 

... 

... 




20*7 
\ 7*7 

Basle to Cologne [ 

Cologne to sea ) 



Rhona 

560 

38,329 

880 



24*18 

Besan^on to Mediterranean 

... 

... 

f Johnston’s Physical Atlas* 

\ Boardraore’s Tables. 

P. Park, C.E, Proiton. 

Rihblo, before ] 
TTorka J 

80 

139,935 

159 

47*8 

Bower 22J miles..... 

22i 

5i 





f 4'5 

Biglis'Wcirto Upton Bridge’) 









2 

Upton Bridge to Mytbe Br. 









3 

My the Bridge to Haw Br. 









2 

Haw Bridge to Stonebeneb 



f Remarks on the Tidal 

« 





0-75 

1 Stoncbench to Rosemary Pt. 




180 

8,680 



J 5 

Rosemary Pt. to Pramilodo 

C8 1 
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Messrs Stevenson* 
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274,000 
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18 
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Newburgh to Perth J 

22 


John Murray, C.K. 


100 

680 


... 
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f 20 
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New Bridge to sea 
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NAVIGATION LAWS, Tnn, of wliich some notice 
lias been given iintlcr the arlicles CostMuitCK and Exn- 
JAND, and which were con^^idered ohnexious to the iiiter- 
ests of coniniercial <‘titer|)ris(\ winv in cdFect repealed in 
lHo‘L An act to admit l<)reiu;n ships to the eoastin*? trade 
of’ this country (17th Viet., cap. ft) was passed Mareli 2o, 
1H54; and an ait to amend and consolidate tluf act.s relat- 
in'^ to merchant shippln*!; (1 7th and 1 8th Vict, cap. 104) 
on the 10th Aup;ust I8i>4. The latter act rocemal scnne 
amendment, i)artic\ilarly with regard to the erection and 
maintenance of colonial lighthouses (18th and 19th Viet, 
cap. 91) in 1855. 

NAVKlATOirS IvSLANDS, or Sa^ioak IfttAxm, a 
group in the Pacific, lying to the N.E. of the Friendly Islands, 
between S. Lat. 13, 30. and 14. 30., and W. Long. 1 OB. anti 
173. They are eight in nunjhor, and three of them are of 
considerable The largest of the group is Savaii, which 
i.s upwards of 200 miles in circuit, and the prineipjd other.s 
are Maoona, Pala, and Oyalava. They are for the most 
part niotmtainous and of volcanic formation. The soil is 
very rich and fertile, and the mountains arc thickly covered 
with w'ood to their very summits. The trees are chiefly 
evergreens, and arc remarkable for the beauty and variety 
of their ap])earancc. Palms, cocoa-nut trees, breadfruit 
trees, banyans, sugar-canes, pine-apples, potatoes, coffee, 
yams, and tobacco are among the productions of these 


islands. The <*lijnatc is variable, and heavy rains fall during 
the winter. No indijienntH fpialruiLiL are f’numl ; but 
hor.ses, euttle, anti swim*, whitth h:i\i* I>im n introdueed from 
other pLu‘t*s ihrivt* wpl! anti increase largely. Ftn\Nare 
numerous, and tUv surnnunling puts of tin* ocean abound 
in lish. I’he inha!)it;uits are superita* in appt-aratu*e tt» tnont 
of the trilas of tht* South St a Wamis. 'ffiey .are stout, 
well-proportioned, and of a <lark-brtuui ctnnplexion, and 
the men an* in gt‘neral better looking than the women. In 
clmratter, they art* generally d, brispitable, and 

affect boat f*, am! they show great a*s{>rct for the aged. 
They are intelligent, and display consi<imble ingenuity in 
making their canoes and hmiaes ; but they are indolent, limd 
of pleasure, covenuH, and deceitful 'fheir langimge is 
ftm<K>lh and liquid, and in it alone of Polynesian tongues tin* 
aibilant sountl occtirs- The Navigaujr’s Islands were first 
visited hy missionaries in 1830 from Otaheite; and aitice 
1H36 missionaries have been sent out directly from Kunqie, 
by whose means a great nwmberof the inhabiUnts have been 
converted to Cdiristianity, They are also beginning to 
pursue the employments of trade, and to ieitrn tiu* use of 
money. Cocoa-nut oil is t!u‘ [>rjiiclp.t! article of exfHirt, ami 
the iinp(>rt< are cotton, calicoes, Hre-arms, ammunitioiu 
supplied chiefly by American whalers. The wfude urea t>f 
the islands is square miles ; and the estimates of the 
population vary from 50,000 to 1 00, OCX). 
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Navy. insular empire, like that of the united kingdom of 

r* Great Britain and Ireland, which is so much indebted, and 
always must be, for that power, prosperity, and renown 
which she enjoys, to the glorious deeds of her navy, can- 
not but take a peculiar degree of interest in every thing 
that concerns it. This vast machine, indeed, has at all 
times been the pride and boast of Great Britain, the ter- 
ror of its enemies, and the admiration of the world. It is 
under the impression of its vast importance that we have 
been induced to give, under their proper heads, such de- 
tails of the civil and military branches of the naval de- 
partments as may afford, without entering into too mi- 
nute details, a comprehensive sketch of this great nation- 
al bulwark, of which it is now proposed to take a general 
view. 

The term Navy is generally intended to express all 
ships of commerce as well as those of war, the mercantile 
as well as the military marine ; but the observations con- 
tained in the present article are meant to relate only to 
the latter, excepting that, in speaking of the progressive 
enlargement of ships, and improvements in naval architec- 
ture, the remarks may sometimes equally apply to ships of 
commerce and of war. 


Njrr composed of Materiel and Personnel, 

The composition of a navy maybe considered under the 
two distinct heads into which it naturally divides itself, 
and under which the French generally distinguish an army, 
the maUriely and the personnel; the former embracing every 
thing that appertains to the ships, their capacity, con- 
struction, armament, and equipment; the latter all that 
concerns the rank, the appointment, the various duties, &c. 
of the officers, seamen, and marines. 


I. — MATEKIEL OF THE NAVY. 

Histoiy. It would occupy too large a space to give even a short 
sketch of the origin and the progress of naval architecture, 
from a bundle of branches, or the hollow trunk of a tree — 
the rude raft and the frail canoe — to the more perfect co- 
racle, or the wicker-boats of the ancient Britons, covered 
with bides. For many centuries after the expulsion of 
the Romans from, or their abandonment of, the British 
Islands, very little progress appears to have been made by 
us in the art of navigation or ship building : the natives 
would appear, for many centuries afterwards, to have acted 
merely on the defensive against naval invasions. 

“ The whole of our naval history,” say the commis- 
sioners for revising the civil affairs of the navy, “ may be 
divided into three periods; the first comprehending all 
that preceded the reign of Henry VIII. ; the second end- 
ing with the restoration of Charles II.; and the iJdrd 
coming down from the Restoration to the present day.” 
First extent, the amount of the 

period. English ships or vessels were carried, which supported so 
many contests with the invading Danes in the ninth cen- 
tury, our naval history has not preserved any record. We 
are told, however, that Alfred increased the size of his 
galleys, and that some of them were capable of rowing 
thirty pair of oars. These galleys were chiefly employed 
in clearing the Channel of th^e nests of pirates by which it 
was infested. It is also said, as a proof of his attention to 
naval matters, that, under his auspices, one Ochter under- 
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took a voyage into the arctic regions, made a survey of Mat^riej 
the coasts of Lapland and Norway, and brought to Alfred'^ 
an account of the mode pursued by the inhabitants of those 
countries to catch whales. It is, moreover, on record, that 
his two sons, Edward and Atlielstan, fought many bloody 
actions with the Danes, in which several kings and chiefs 
were slain ; and that Edgar had from three to five thousand 
ships, divided into three fleets, stationed on three several 
parts of the coast, with which, passing from one fleet or 
squadron to the other, he circumnavigated the island ; that 
after this he called himself “ Monarch of all Albion, and 
Sovereign over all the adjacent Isles.” Some notion, how- 
ever, may be formed of the size of the vessels which com- 
posed his fleets, from the imposition of a land-tax, which 
required certain proprietors to furnish a stout galley of 
three rows of oars, to protect the coast from the Danish 
pirates. The more effectually to check these marauders, 
and protect the coasts of the kingdom, William the Con- 
queror, in 1066, established the Cinque Ports, and gave 
them certain privileges, on condition of their furnishing 
fifty-two ships, with twenty-four men in each, for fifteen 
days, in cases of emergency. We should not, perhaps, be 
far amiss in dating the period of our naval architecture 
from the Conquest. “ The Normans,” says Sir Walter 
Raleigh, grew better shipwrights than either the Danes 
or Saxons, and made the last conquest of this land ; a land 
which can never be conquered whilst the kings thereof 
keep the dominion of the seas.*' But Raleigh does not de- 
scribe what the ships were which the Normans taught us to 
build 5 nor can it now be known in what kind of vessels Wil- 
liam transported his army across the Channel, or what was 
the description of the hundred large ships and fifty galleys 
of which the naval armament of Richard I. consisted on his 
expedition to the Holy Land. We are told, however, that 
having increased his fleet at Cyprus to two hundred and 
fifty ships and sixty galleys, he fell in with a ship belong- 
ing to the Saracens, of such an extraordinary size that she 
was defended by 1500 men, all of whom, with the excep- 
tion of 200, Richard, after taking possession of her, ordered 
to be thrown overboard and drowned. 

There can be no doubt that the nations of the Mediter- * 
ranean, particularly the Genoese and Venetians, introduced 
many improvements as to the capacity and stability of their 
ships, in consequence of the crusades, and the demands for 
warlike stores and provisions which such vast and ill-pro- 
vided armies necessarily created; but these improvements 
would seem not to have reached, or, at least, to have made 
but a tardy progress in, Great Britain. King John, it is 
true, stoutly claimed for England the sovereignty of the 
sea, and decreed that all ships belonging to foreign na- 
tions, the masters of which should refuse to strike to the 
British flag, should be seized and deemed good and lawful 
prize. And this monarch is said to have fitted out no less 
than five hundred sail of ships, under the Earl of Salisbury, 
in the year 1213, against a fleet of three times that num- 
ber, prepared by Philip of France for the invasion of Eng- 
land j of which the English took three hundred sail, and 
drove a hundred on shore, Philip being under the neces- 
sity of destroying the remainder, to prevent their falling 
also into the hands of the English. Of the kinds of ships 
of which his fleet consisted, some notion may be formed by 
the account that is related of an action fought in the fol- 
lowing reign with the French, who, with “ eighty stout 
ships,” threatened the coast of Kent. This fleet being dis- 
covered by Hubert de Burgh, governor of Dover Castle, 
he put to sea with forty English ships, and having got to 

]U 
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Materiel, the windward of the enemy, and run down many of the 
smaller ships, he closed with the rest, and threw on board 
them a quantity of quicklime, which blinded them so effec- 
tually that all their ships were either taken or sunk. 

Whatever the size and the armaments ot our ships were, 
the empire of the sea was bravely maintained by the Ed- 
wards and the Henrys in many a gallant and glorious sea- 
fight with the fleets of France, against which they were 
generally opposed with inferior numbers. The temper of 
the times, and the public feeling, were strongly exemplified 
in the reign of Edward 1. by the following circumstance: 
An English sailor was killed in a Norman port, in conse- 
quence of which a war commenced, and the two nations 
agreed to decide the dispute on a certain day, with the 
whole of their respective naval forces. The spot of battle 
was to be the middle of the Channel, marked out by an- 
choring there an empty ship. The two fleets met on the 
14th April 1293; the English obtained the victory, and 
carried off above two hundred and fifty sail. 

In an action with the French fleet off the harbour of 
Sluys, Edward IIL is said to have slain 30,000 of the ene- 
my, and to have taken two hundred great ships, “ in one of 
which only, there were four hundred dead bodies.” This 
is no doubt an exaggeration. The same monarch, at the 
siege of Calais, is stated to have blockaded that port with 
seven hundred and thirty sail, having on board 14,956 
mariners ; twenty-five only of which were of the royal navy, 
bearing four hundred and nineteen mariners, or about se- 
venteen men each. In various other sea actions did this 
great sovereign nobly support the honour of the British 
flag. But though we then, and ever after, claimed tlio 
dominion of the seas,” that dominion, says Raleigh, “was 
never absolute until the time of Henry the Eighth.” It 
was a maxim of this great statesman, that “whosoever 
commands the sea, commands the trade of the world; 
whosoever commands the trade, commands the riches of 
the world, and consequently the world itself.” 

The reign of Henry V., however, was most glorious 
in maintaining the naval superiority over the fleets of 
France. From a letter of this sovereign to his lord chan- 
cellor, dated 12th August 1417, discovered by Samuel Ly- 
sons among the records in the Tower, and of which the 
following is a copy, it would appear that there was some- 
thing like an established royal navy in his reign, indepen- 
dently of the shipping furnished by the Cinque Ports and 
the merchants, for the king's own use, on occasion of any 
particular expedition- The letter appears to have been writ- 
ten nine days after the surrender of the castle of Touque 
in Normandy, from whence it is dated- 

“ Au revirmd pm m Dim t^Evesqm de Dutesm nre 
ChanedUr dCEngkterre. 

“ Worshipful fader yn God We sende you closed within 
this letter a cedule conteyning the names of certein Mals- 
tres for owr owne grete Shippes Carrakes Barges and Ba- 
lyngers to the whiche Maistres We have granted annui- 
tees such as is appointed upon eche of hem in the same 
Cedule to take yerely of owre grante while that us lust at 
owr Exchequer of Westm*^. at the termes of Michelmasse 
and Ester by even porcions- Wherefore We wol and charge 
yow that unto eche of the said Maistres ye do make under 
owr grete seel beyng in yowre warde owr letters patentes 
seyerales in due forme after tlfeffect and pourport of owr 
said grante. Yeven under owr signet atte owr Castle of 
Touque the xij. day of August.” 

Extract Jhm the SdteduU contained in the preceding I^eUer* 

vj. li.xiijs.iiijdL La Grande Nief ap-) vj. Mariners po^ la 
peile tte Mm William > sauf garde deink 


Mariners. 


est Maistre 


saut 

Hammt 


vj. li. xiijs. iiijd. La Trinate Royale } • 
dont Steplf Thomas est Maistre / 
vj. li. xiijs. iiijd. La Holy (lost dontl Mariners. 

Jordan Brownyng est Maistre j 
vj. li. xiijs. iiijd. La Carrake appel- ) 

leele Petre dont John Gerard /-vj. Mariners, 
est Maistre j 

vj. li. xiijs. iiijd, La Carrake appellee > 

le Paul dont William Payne [- vj. Mariners, 
est Maistre ) 

vj. li. xiijs. iiijd. La Carrak appelle 1 

le Andrewe dont John Thor - 1 vj. Mariners, 
nyng est Maistr* ) 

'j- 

vj. li. xiijs. iiijd. La Carrak appelle I 

le Marie dont William liichc - 1 vj. Mariners, 
man est Maistri ) 

vj. li. xiijs. iiijd. La Carrak appellee > 

le Marie dont William Hethe v vj. Mariners, 
est Maistre 1 

vj. IL xiijs. iiijd. La Carrak appelle i 

le George dont John iUersh > vj* Mariners- 
est Maistr’ ) 

The remainder, to the mastersof wltich pensions were thus 
granted, consist of seventeen “ niefs, barges, and ballyn- 
gets,” some with three, and others two mariners only. Hot 
history informs us, that about this time Henry embarketl 
an army of 25,000 men at Dover on board of 1500 sail of 
ships, two of which carried purple sails, embroidered witli 
the arms of England and France; one styled the King's 
Chamber, the other his Saloon, m typical of Ids keeping 
his court at sea, which he considered as a part of his domi- 
nions. Still we are left in the dark as to the real dimen- 
sions of his ships, and tlie nature of their armament ; they 
were probably used only as traiwports for his army, it 
would appear, however, from a very curious poem, writ- 
ten in the early part of the reign of King Henry VI. that 
the navy of his predecohsiir was considerable, but that, by 
neglect, it was then reduced to the same state in which it 
had been during the preceding reigns* The poem here 
alluded to is entitled “ The English Folicie, exaorting all 
England to keep tlie Sea, and namely the Narrow Sea ; 
showing what profit coineth thereof, and also what worship 
and salvation to England and to all Englishmen ” and is 
printed in the first volume of Hackluyt's Collection of Voy- 
ages. It was evidently written before tlie year I43B, when 
die Emj>eror Sigismond died, as appears by the following 
passage in tlie prologue : 

For Stgittmond, the great Kmperaur, 

Which iji't n when he was in this land, 

With Kin«j Henry the Fifth, Prince of Hornmr, 

Here much glory, as him thouglit, he found 
A landy which had take in hand 

To werre with France, and make nmrtalitie. 

And ever welt kept round ctmi ttus m* 

The part of the poem which alludes to tlte navy of King 
Henry V. is entitled “Another incident of keeping the Sea, 
in the time of marvellous werriour and victorious Prince, 
King Henric the Fifth, and of his great Shippes ” 

The following are the most remarkable passages : 

And if I should conclude all by the King 
Henrie the Fift, what was his pur|>osing, 

Whan at Hampton he made the great drmmm^ 

Which passed other great shi|»s of the Coinmons ; 

The TrinUkj the Oruce de the //w/y Ghmi^ 

And other moe, which as nowe be lo^t. 

What hope ye wm the Kings great intent 
Of thoo shippes, and what in mind he meant i 
It was not eiUs, but that he emt to lee 
horde round about environ of the 
And if he had to this time lived here, 

He had been Frince named withouten pert t 


Materiel, 



N A 

His great ships should have been put in preefe, 

Unto the ende that he ment of in chiefe. 

For doubt it not but that he would have bee 
Lord and master about the round see : 

And kept it sure, to stoppe our ennemies hence, 

And wonne us good, and wisely brought it thence, 

That no passage should be without danger, 

And his licence on see to move and sterre. 

Shortly after the time when this poem must have been 
written, it appears from the parliament roll (20th Henry 
VI. 1442), that an armed naval force, consisting only of 
eight large ships, with smaller vessels to attend them, 
was to be collected from the ports of London, Bristol, 
Dartmouth, Hull, Newcastle, Winchelsea, Plymouth, Fal- 
mouth, &c. ; and, of course, the royal ships of 1417, the 
names of which are contained in the foregoing schedule, 
were then either gone to decay or dispersed. We are not 
to judge of the size of these ships from the few mariners 
appointed to each. These were merely the ship-keepers, 
or harbour-duty men, placed on permanent pay, to keep 
the ships in a condition fit for the sea when wanted. 

It is very probable that, until our merchants engaged in 
the Mediterranean trade, and that the attention of the go- 
vernment was turned, in the reign of Henry VII. (about 
1496), to imitate Portugal in making foreign discovery, 
under the skilful seaman Sebastian Cabot, very little was 
added to the capacity or the power of British ships of war. 
It is said, however, that on the accession of Henry VIL to 
the throne in 1485, he caused his marine, which had been 
neglected in the preceding reign, to be put into a condi- 
tion to protect the coasts against all foreign invasions ; and 
that, in tlie midst of profound peace, he always kept up a 
fleet ready to act In his reign was built a ship called the 
Great Harry, the first on record that deserved the name of 
a ship of war, if it was not the first exclusively appropriated 
to the service of the state. This is the same ship which 
Camden has miscalled the Henry Grace de Dieu, and 
which was not built till twenty years afterwards, under the 
reign of Henry VIIL The Great Harry i,s stated to have 
cost L.14,000, and was burned by accident at Woolwich 
in the year 1553. 

Second We now come to that period of our naval history in 
Teriod. which England might be truly said to possess a military 

marine, and of which some curious details have been left 
us by that extraordinary man of business Mr Pepys, a com- 
missioner of the navy, and afterwards secretary to Charles 
IL, at a time when the king executed in person the office 
of lord high admiral, and also to James II. until his ab- 
dication. His minutes and miscellanies relative to the 
navy are contained in a great number of manuscript vo- 
lumes, which are deposited in the Pepysian Library in 
Magdalene College, Cambridge. From these papers it 
appears, that in the thirteenth year of Henry VIIL the 
following were the names and the tonnage of the royal 
navy : 


Henry Grace de Dieu 

Gabriel Royal 

Mary Rose 

Barbara 


Tons. 

400 

Mary George 


850 

Henry Hampton 


120 

The Great (aalley 


800 

Sovereign 


800 

Catherine Forteleza 


550 

John Baptist 


400 

Great Nicholas 



Mary James 



Great Bark 


250 

Less Bark 




Add to these two row-barges of sixty tons each, making, 
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in the whole, sixteen ships and vessels, measuring 7260 Materiel, 
tons. 

The Henry Grace de Dieu is stated in all other accounts, 
and with more probability, to have been only 1000 tons ; the 
rule for ascertaining the measurement of ships being still 
vague, and liable to great error, was probably much more 
so at this early period. This ship was built in 1515, at Erith, 
in the river Thames, to replace the Regent, of the same ton- 
nage, which was burned in August 1512, in action with the 
French fleet, when carrying the flag of the lord high ad- 
miral. There is a drawing in the Pepysian papers of the 
Henry Qrace de Dieu, from which a print in the Archae- 
ologia has been engraved, and of which a copy has been 
taken as a frontispiece to C. Derricks Memoirs of the Rise 
and Progress of the Royal Navy. From these papers it ap- 
pears that she carried fourteen guns on the lower deck, 
twelve on the main deck, eighteen on the quarter-deck and 
poop, eighteen on the lofty forecastle, and ten in her stern- 
ports, making altogether seventy-two guns. Her regular 
establishment of men is said to have consisted of 349 sol- 
diers, SOI mariners, and fifty gunners, making altogether 
700 men. Some idea may be formed of the awkwardness 
in manoeuvring ships built on her construction, or similar 
to her, when it is stated that, on the appearance of the 
French fleet at St Helens, the Great Harry, built in the 
former reign, and the first ship built with two decks, had 
nearly been sunk ; and that the Mary Rose, of 600 tons, 
with 500 or 600 men on board, was actually sunk at Spit- 
head, occasioned, as Raleigh informs us, ‘‘ by a little sway 
in casting the ship about, her ports being within sixteen 
inches of the water.” On this occasion the fleets cannon- 
aded each other for two hours ; and it is remarked as 
something extraordinary, that not less than three hundred 
cannon-shot were fired on both sides in the course of this 
action. From the prints above mentioned, which agree 
very closely with the curious painting of Henry crossing 
the Channel in his fleet to meet Francis on the Champ 
de Drap d’Or, near Calais, and now in the great room 
where the Society of Antiquaries hold their meetings in 
Somerset House, it is quite surprising how they could be 
trusted on the sea at all, their enormous poops and fore- 
castles making them appear loftier and more awkward than 
the large Chinese junks, to which, indeed, they bear a 
strong resemblance. It is worth remarking that, in the year 
1840, the position of the Mary Rose, near Spithead, was 
pointed out to that extraordinary diver Mr Deane, who 
went down several times, and brought up some beautiful 
pieces of brass ordnance, as perfect and as fine specimens 
as any we have at the present day. 

Henry VIII. may justly be said to have laid the foun- 
dation of the British navy. He established the dock-yards 
at Deptford, Woolwich, and Portsmouth; he appointed 
certain commissioners to superintend the civil affairs of the 
navy, and settled the rank and pay of admirals, vice-admi- 
rals, and inferior officers ; thus creating a national navy, 
and raising the officers to a separate and distinct profes- 
sion, The great officers of the navy then were, the vice- 
admiral of England, the master of the ordnance, the sur- 
veyor of the marine causes, the treasurer, comptroller, ge- 
neral surveyor of the victualling, clerk of the ships, and 
clerk of the stores. Each of these officers had their par- 
ticular duties, but they met together at their office on 
Tower Hill once a week, to consult, and make their re- 
ports to the lord high admiral. He also established the 
fraternity of the Trinity House, for the improvement of 
navigation and the encouragement of commerce ; and built 
the castles of Deal, Walmer, Sandgate, Hurst Castle, &c. 
for the protection of his fleet and of the coast. 

At the death of Henry VIII. in 1547, the royal navy 
consisted of about fifty ships and vessels of different sizes, 
the former from 1000 to 150 tons, and the latter down to 
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Materiel, twenty tons, making in the whole about 12,000 tons, and 
manned by about 8000 mariners, soldiers, gunners, &c. In 
the short reign of his son Edward, little alteration seems 
to have taken place in the state and condition of the royal 
navy. But the regulations which had been made in the 
reign of his father, for the civil government of naval affairs, 
were revised, arranged, and turned into ordinances, which 
form the basis of all the subsequent instructions given to 
the commissioners for the management of the civil affairs 
of the navy. In the reign of Mary the tonnage of the 
navy was reduced to about 7000 tons ; but her lord high 
admiral nobly maintained the title assumed by England of 
Sovereign of the Seas, by compelling Philip of Spain to 
strike his flag that was flying at the main-top-mast head, 
though on his way to England to marry Queen Mary, by 
firing a shot at the Spanish admiral. He also demanded 
that his whole fleet, consisting of 160 sail, should strike 
their colours and lower their top-sails, as an homage to the 
English flag, before he would permit his squadron to sa- 
lute the Spanish monarch. 

The reign of Elizabeth was the proudest period of our 
naval history, perhaps surpassed by none previously to the 
Revolution. She not only increased the numerical force 
of the regular navy, but established many wise regulations 
for its preservation, and for securing adequate supplies of 
timber and other naval stores. She placed her naval oflS- 
cers on a more respectable footing, and encouraged fo- 
reign trade and geographical discoveries, so that she ac- 
quired justly the title of the Restorer of Naval Power, 
and Sovereign of the Northern Seas. The greatest naval 
force that had at any previous period been called together 
was that which was assembled to oppose the Invincible 
Armada, and which, according to the notes of Mr Secre- 
tary Pepys, consisted of 176 ships, with 14,992 men ; but 
these were not all “ Shippes Royall,’* but were partly com- 
posed of the contributions of the Cinque Ports and others- 
The number actually belonging to the navy is variously 
stated, but they would appear to have been somewhere 
about forty sail of ships, manned with about 6000 men. 
At the end of her reign, however, the navy had greatly 
increased, the list in 1603 consisting of forty-two ships of 
various descriptions, amounting to 17,000 tons, and man- 
ned with 8346 men. Of these, two were of the burden of 
3000 tons each, three of 900 tons, and ten from 600 to 
800 tons. 

James I. was not inattentive to his navy. He warmly 
patronised Mr Phincas Pett, the most able and scientific 
shipwright that this country ever boasted, and to whom 
we undoubtedly owe the first essential improvements in 
the form and construction of ships- The cumbrous top- 
works were first got rid of under his superintendence. 

In my owne time,’' says Raleigh, the shape of our 
English ships hath been greatly bettered ; in extremity 
we carry our ordnance better than we were wont; we 
have added crosse pillars in our royall shippes, to strength- 
en them ; we have given longer floors to our shippes than 
in older times,” &c. Tlie young Prince Henry was so fond 
of naval affairs, that Phineas Pett was ordered by the 
lord high admiral to build a vessel at Chatham in 1604, 
with all possible speed, for the young Prince Henry to dis- 
port himself in, above London Bridge ; the length of her 
keel was twenty-eight feet, and her breadth twelve feet. 
In 1610 Pett laid down the largest ship that had hitherto 
been built She was named the Prince Royal ; her bur- 
den was 1400 tons, her keel 1 14 feet, and she was armed with 
sixty-four pieces of great ordnance, “ being in all respects,” 
says Stowe, ** the ^eatest and goodliest ship that was ever 
built in England.” He adds, “ the great workmaster in 
building this ship was Mr Phineas Pett, gentleman, some 
time master of arts, of Emanuel College, in Cambridge.*' 

This excellent man, as appears from a manuscript ac- 
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count of his life in the British Museum, written by him- Materiel 
self, was regarded by the shipwrights of the dock-yards, 
who had no science themselves, with an eye of jealousy ; 
and a complaint was laid against him before the king, of 
ignorance in laying off a ship, and of a wasteful expendi- 
ture of timber and other matters. The king attended at 
Woolwich with his court, to inquire in person into the 
charges brought forward, and, after a painful investiga- 
tion, pronounced in favour of Mr Pett. One of the charges 
was, that he had caused the wood to be cut across the 
grain ; but the king observed, that, as it appeared to him, 

« it was not the wood, but those who had preferred the 
charges, that were cross-grained.” 

The state of the navy at the king’s death is variously 
given by different writers ; but on this subject the memo- 
randa left by Mr Secretary Pepys are most likely to he 
correct. From them it appears that, in 1618, certain com- 
missioners were appointed to examine into the state of the 
navy, and by their report it appears there were then only 
thirty-nine ships and vessels, whose tonnage amounted to 
14,700 tons ; but in 1624, on the same authority, the num- 
bers had decreased to thirty-two or thirty-three ships and 
vessels, but the tonnage increased to about 19,400 tons. 

The commissioners had, in fact, recommended many of the 
small craft to be broken up or sold, and more ships of the 
higher rates to be kept up. 

The navy was not neglected in the troublesome reign 
of Charles I. This unfortunate monarch added upwards 
of twenty sail to the list, generally of the smaller kind ; 
but one of them, built by Pett, was of a description, both aa 
to form and dimensions, far superior to any that had yet 
been launched. This ship was the celebrated Sovereign 
of the Seas, which was launched at Woolwich in 1637. 

The length of her keel was 128 feet, the main breadth 
forty-eight feet, and from stem to stern 232 feet In the 
description of this ship by Thomas Heywood, she is said 
to have bore five lanthorns, the biggest of which would 
hold ten persons upright ; had three flush-decks, a fore- 
castle, half-deck, quarter-deck, and round-house# Her 
low'^er tier had thirty ports for cannon and dcmi-cannon ; 
middle tier, thirty for culverins and demi-culverins ; third 
tier, twenty-six for otlier ordnance ; forecastle, twelve ; 
and two half-decks, thirteen or fourteen ports more within 
board, for murthering pieces ; besides ten pieces of chace 
ordnance forward, and ten right aft, and many loop-holes 
in the cabins for musquet-shot She Imtl eleven anchors, 
one of 4400 pounds weiglit. She was of the burden of 
1637 tons.** It appears, however, that she was found, on 
trial, to be too high for a good serviceable ship in ait wea- 
thers, and was therefore cut down to a deck less. After 
this she became an excellent ship, and was in almost alt 
the great actions with the Dutch ; she was rebuilt in 1684, 
when the name was changed to that of Royal Sovereign ; 
and was about to be rebuilt a second time at Chatham in 
1696, when she accidentally took fire, and was totally con- 
sumed. In this reign the ships of the navy wmo first 
classed, or divided into six rates, tlie first l)eing from 106 
to sixty guns, the second from fifty-four to thirty-six, 

In 1642 the management of the navy was taken out of 
the king's hands, and in 1648 Prince Rupert carried away 
twenty-five ships, none of which ever returned ; and such, 
indeed, was the reduced state of the navy, that at the be- 
ginning of Cromwelfs usurpt d govermnenf, he had only 
fourteen ships of war of two decks, and .smicof these car- 
ried only forty guns ; but, under the careful management 
of very able men, in different commissions wldcli be ap- 
pointed, such vigorous measures were pursued, that, in five 
years, though engaged within that time in war with the 
greatest naval jwwer in Europe, the fleet was increased to 
150 sail, of which more than a third part had two decks, 
and many of which were captured from the Duteby and 
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Materiel, upwards of 20,000 seamen were employed in the navy. 

Our military marine was, indeed, raised by Cromwell to a 
height which it had never before reached ; but from which 
it soon declined under the short and feeble administration 
of his son. 

Though Cromwell found the navy divided into six rates 
or classes, it was under his government that these ratings 
were defined and established in the manner nearly in which 
th^y now are ; and it may also be remarked, that, under 
his government, the first frigate, called the Constant War- 
wick, was built in England. “ She was built,” says Mr 
Pepys, “ in 1649, by Mr Peter Pett (son. of Phineas), for 
a privateer for the Earl of Warwick, and was sold by him 
to the state. Mr Pett took his model of this ship from a 
French frigate which he had seen in the Thames.” 

During the first period of our naval history, we know 
nothing of the nature of the armament of the ships. From 
the time of Edward III. they might have been armed with 
cannon, but no mention is made of this being the case. 
According to Lord Herbert, brass ordnance were first cast 
in England in the year 1535. They had various names, 
such as cannon, demi- cannon, culverins, demi-culverins, 
sakers, mynions, falcons, falconets, &c. What the calibre 
of each of these was is not accuratelj' known, but the 
cannon is supposed to have been about sixty-pounders, the 
demi-cannon thirty-two, the culverin eighteen, falcon two, 
mynion four, saker five, Sec. Many of these pieces, of dif- 
ferent calibres, were mounted on the same deck, which 
must have occasioned great confusion in action in finding 
for each its proper shot. 

Third pe- On the restoration of Charles 11. the Duke of York 

riod. was immediately appointed lord high admiral, and by his 
advice a committee was named to consider a plan, pro- 
posed by himself, for the future regulation of the affairs of 
the navy, at which the duke himself presided. By the 
advice and able assistance of Mr Pepys, great progress was 
speedily made in the reparation and increase of the fleet. 
The duke remained lord high admiral till 1673, when, 
in consequence of the test required by parliament, to 
which he could not submit, he resigned, and that office 
was in part put in commission, and the rest retained by 
the king. Prince Rupert was put at the head of this com- 
mission, and Mr Pepys appointed secretary to the king in 
all naval affairs, and of the admiralty ; and by his able and 
judicious management there were in sea-pay, in the year 
1679, and in excellent condition, seventy-six ships of the 
line, all furnished with stores for six months, eight fire- 
ships, besides a numerous train of ketches, smacks, yachts, 
&c. with more than 12,000 seamen ; and also thirty new 
ships building, and a good supply of stores in the dock- 
yards. But this flourishing condition of the navy did not 
last long. In consequence of the dissipation of the king, 
and his pecuniary difficulties, he neglected the navy on 
account of the expenses ; the duke was sent abroad, and 
Mr Pepys to the Tower, A new set of commissioners were 
appointed, without experience, ability, or industry ; and 
the consequence was, as stated by the commissioners of 
revision, that “ all the wise regulations formed during the 
administration of the Duke of York were neglected ; and 
such supineness and waste appear to have prevailed, that, 
at the end of not more than five years, when he was re- 
called to the office of lord high admiral, only twenty- 
two ships, none larger than a fourth rate, with two fire- 
ships, were at sea ; those in harbour were quite unfit for 
service; even the thirty new ships which he had left 
building had been suffered to foil into a state of great de- 
cay, and hardly any stores were found to remain in the 
dock-yards.” 

The first act on the duke’s return was the re-appoint- 
ment of Mr Pepys as secretary of the admiralty. Finding 
the present commissioners unequal to the duties required 
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of them, he recommended others. Sir Anthony Deane, the Materiel, 
most experienced of the shipbuilders then in England, was ^ 

joined with the new commissioners. To him, it has been 
said, we owe the first essential improvement in the form 
and qualities of ships of the line, having taken the model 
of the Superbe, a French ship of seventy -four guns, which 
anchored at Spithead, and from which he built the Har- 
wich in 1664. Others, however, are of opinion that no 
improvement had at this time been made on the model of 
the Sovereign of the Seas after she was cut down. The 
new commissioners undertook, in three years, to complete 
the repair of the fleet, and furnish the dock-yards with a 
proper supply of stores, on an estimate ofL.400,000 a year, 
to be issued in weekly payments ; and in two years and a 
half they finished their task, to the satisfaction of the king 
and the whole nation ; the number of ships repaired and 
under repair being 108 sail of the line, besides a consider- 
able number of vessels of smaller size. The same year the 
king abdicated the throne, at which time the list of the 
navy amounted to 173 sail, containing 101,892 tons, car- 
rying 6930 guns, and 42,000 seamen. 

The naval regulations were wisely left unaltered at the 
Revolution, and the business of the admiralty continued 
to be carried on chiefly, for some time, under the imme- 
diate direction of King William, by Mr Pepys, till the ar- 
rival of Admiral Herbert and Captain Russell from the 
fleet, into whose hands, he says, he silently let it fall.” 

Upon the general principles of that system, thus esta- 
blished with his aid by the Duke of York, the civil go- 
vernment of our navy has ever since been carried on. 

In the second year of King William (1690), no less 
tlian thirty ships were ordered to be built, of sixty, se- 
venty, and eighty guns each;. and in 1697 the king, in 
his speech to parliament, stated that the naval force of the 
kingdom was increased to nearly double what he found it 
at his accession. It was now partly composed of various 
classes of French ships which had been captured in the 
course of the war, amounting in number to more than 
sixty, and in guns to 2300 ; the losses by storms and cap- 
tures on our side being about half the tonnage and half 
the guns we had acquired. At the commencement of this 
reign, the navy, as we have stated, consisted of 173 ships, 
measuring 101,892 tons ; at his death, it had been ex- 
tended to 272 ships, measuring 159,020 tons, being an in- 
crease of ninety-nine ships and 57,128 tons, or more than 
one half both in number and in tonnage. ' 

The accession of Queen Anne was immediately follow- 
ed by a war with France and Spain, and in the second 
year of her reign she had the misfortune of losing a vast 
number of her ships, by one of the most tremendous storms 
that was ever known ; but every energy was used to re- 
pair this national calamity. In an address of the House 
of Lords, in March 1707, it is declared as ‘‘ a most un- 
doubted maxim, that the honour, security, and wealth of 
this kingdom does depend upon the protection and encour- 
agement of trade, and the improving and right encourag- 
ing its naval strength therefore we do in the most ear- 

nest manner beseech your majesty, that the sea affairs may 
always be your first and most peculiar care.” In the course 
of this war were taken or destroyed about fifty ships of 
war, mounting 3000 cannon ; and we lost about half the 
number. At the death of the queen, in 1714, the list of 
the navy was reduced in number to 247 ships, measuring 
167,219 tons, being an increase in tonnage of 8199 tons. 

George I. left the navy pretty nearly in the same state 
in which he found it. At bis death, in 1727, the list con- 
sisted of 233 ships, measuring 170,862 tons, being a de- 
crease in number of fourteen, but an increase in tonnage 
of 3643 tons. 

George II. was en^ged in a war with Spain in 1739, 
in consequence of which the size of our ships of the line 
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Materiel, ordered to be built was considerably increased. In 1744, 
France declared against us ; but on the restoration of peace 
in 1748, it was found that our naval strength had prodi- 
giously increased. Our loss had been little or nothing, 
w’hilst we had taken and destroyed, of the French twenty, 
and of the Spanish fifteen sail of the line, besides smaller 
vessels. The war witl) France of 1755 added considerably 
to the list, so that, at the king's decease, in 1760, it con- 
sisted of 412 ships, measuring 321,104 tons. 

In the short war of 1762, George III. added no less than 
twenty sail of the line to our navy. At the conclusion of 
the American war in 1782, the list of the navy was in- 
creased to 600 sail ; and at the signing of the prelimina- 
ries in 1783 it amounted to 617 sail, measuring upwards 
of 500,000 tons ; being an increase of 185 ships and 157,000 
tons and upwards since the year 1762. At the peace of 
Amiens tlie list of the fleet amounted to upwards of 700 
sail, of wliich 144 were of the line. The number taken 
from the enemy, or destroyed, amounted nearly to 600, of 
which ninety were of the line, including fifty-gun ships, 
and upwards of two hundred were frigates ; and our loss 
amounted to about sixty, of which six were of the line and 
twelve frigates. 

The recommencement and long continuance of the re- 
volutionary war, and the glorious successes of our naval 
actions ; the protection required for our extended com- 
merce, of which, in fact, we might be said to enjoy a mo- 
nopoly, and for the security of our numerous colonies ; con- 
tributed to raise the British navy to a magnitude to which 
the accumulated navies of the whole world bore but a small 
j)roportion. From 1808 to 1813, there were seldom less than 
from 100 to 106 sail of the line in commission, and from 
130 to 160 frigates, and upwards of 200 sloops, besides 
bombs, gun-brigs, cutters, schooners, &c. amounting in the 
whole to about 500 sail of effective ships and vessels ; to 
which may be added 500 more in the ordinary, and as pri- 
son, hospital, and receiving ships; making at least 1000 
pendants, and measuring from 800,000 to 900,000 tons. 
The commissioners appointed to inquire into the state and 
condition of the woods, forests, and land revenues of the 
crown, state, in tlieir report to parliament, in the year 1792, 
that, ** at tlie accession of his majesty (Geo. III.) to the 
throne, the tonnage of the royal navy was 321,104 tons, 
and at the end of the year 1788 it had risen to no less 
than 413,467 tons." In 1808 it had amounted to the en- 
ormous extent of 800,000 tons, having nearly doubled it- 
self in twenty years. 

It must not, however, be supposed tlxat the effective navy 
consisted of more than half this amount of tonnage. Since 
the conclusion of the war with Franco, it would appear tlxat 
at least one-half of the number of ships then in existence had 
been sold or broken up as unfit for service ; and as, by the 
list of the navy at the beginning '"»f tlie year 1821, the 
number of ships and vessels of every description, in com- 
mission, in ordinary, building repairing, and ordered to be 
built, had been reduced to 609 jstil, we may take the greatest 
extent of the tonnage at 500,000 tons ; but the greater part, 
if not the whole, of this tonnage was efficient, and in a state 
of progressive efficiency. 

According to the printed list of the 1st January 1821, 
the 609 sail of ships and vessels appear to be as under: — 


l$t rates 

from 

120 to 100 guns 


2d 

9* 

V 

86 „ 

80 



3d 

n 

)» 

78 „ 

74 





tf 

60 „ 

50 



Sth 

9f 

' n 

48 

22 



6th 

n 

*9 

U „ 

24 



Sloops 


22 „ 

10 

»> 




Making a total 

Of. 



To wWoh Wng added, gun-brigs, cutters, schooners, 
tenders, bombs, troop-ships, store-ships, yachts, Ac., 177 
Orand total "609 
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In the year 1836 the total number of ships of war, in- Materiel' 
eluding every description mentioned in the above list, 
amounted to about 560 sail ; of which 95 were ships of the 
line in a state of efficiency for any service, or capable of 
being speedily put into a fit state for sea ; and many of tiiem 
were of a very superior class to any enij)loyed in the war. 

In the year 1846 there were 671 ships, including every 
description; and there are now (1857) on the list of the 
royal navy 735 shijjs, exclusive of those appropriated to 
harbour service, and of the coast-guard cruisers; making a 
grand total of 888 ships and vessels of* all classes. 

The increase in the sixe of our ships of war was tmavoid- 
able ; France and Spain had increased theirs, and we were 
compelled, in order to meet them fur terms, tti increase 
the dimensions of ours ; many of theirs were, besides, added 
to the list of our navy. The followiiig sketch will show* 
the progressive rate at which ships of tlie first ordiT, or of 
100 guns and upwards, were exdargetl in tludr dinuuisions. 

In 1677 the first-rates were from 1500 to KHK) tons. In 
1720 they were increased to 1800 tons. In 17*15 w-e find 
them advanced to 2000 tons. During the American war 
they were raised to 22(K) tons. In 1795 tlie V'ille de Fans, 
of 1 10 guns, measured 2350 tons. In 1804 the I libernia, of 
no guns, was extended to 2500 tons; and in 1808 the 
Caleaonia, carrying 120 guns, measured 2616 tons and 
here we stopped; but since then the Nelson, the Howe, 
the St Vincent, the Britannia, the Prince Regent, the Royal 
George, and the Neptune, have been built, all nearly <»f the 
same dimensions, and from the same draught— nine sucli 
ships as the whole world could not at the time produce. 

The French had one ship larger tlian any of these, called 
the Commerce de Marseilles. 8he was tiifcen by us in 
Toulon, but broke her back in a gale of wind. 

The following were the comparative tlimensions of the 
Caledonia and the Commerce de Marseilles * 


Ships. 

j I.rn^th of 

hr*iu;thof 

I'.xtn mo 


Tont. 


1 Kcch 1 

Uroj&iUh* 

Ib44 1 

Oalftdonia 

j<'i i. III. 

-j 205 0 

f 

m:. i:.: 

no 0 1 

fort. in. 
53 8 ! 

fovt. In. 
22 2 * 

2017 

Oommerce do ) 
Marsdnes j 

^ 208 4 
....u, 

372 0 j 

54 Oi 

25 Oi 

2747 


The armament of the ('aledonia w'as On the 

gun-deck she carried 32 guns, 32-pMUiiiIt i^; midiile-decfc 31 
24-pounder8, unpt r-dt^ k 34 2 !•} uuudi iv. ca-riumdeH ; tpiar- 
ter-deck 10 aiiil h I2-puiii.tiir>, carronades; 

forecastle, 2 32-poumIer!i,’ and 2 12-pautiders, carranades. 
Her complement of men was 875. 

At the commencement of tlie third pm^hd^ wq have a 
somewhat more precise account of the armament of our 
ships of wan On the 16th of May 1677, a conunittee of 
the Navy Board, Ordnance, and certain naval officios, re- 
commended to his Majesty the following scheme for arm- 
ing and manning the thirty new Mih of the line ordered 
to be built by act of Parliament 


Gtma 1 

lit Katef. 


U liaten. 

Cannon (supposed 42 pn.).. 

So. 26 ; 



Deml-cannon (32 prs.) 

... i 

2«i 

25 

CulvftHns (18 pr».J. 

28 i 

26 


Twelve-poanders 




Sakors, upper-deck 

28 J 

20 


„ Forecastle... 

4 ! 

... 

1 "4 

„ Quarter-deck 

12 i 

h) 

i 10 

Three-pounders 

«> 

* ' 

*» 

i 4 

j 

Total 

i 

m 

5 70 


For the 7SO aufii 

For the 2d do.... do. 

For the 3d do.. 470 do. 


The rates of ships immediately after tlie revolution were 
reduced, the first being turned to second-raltai the second* 
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.Materiel, rates to third, &c., and the size of each class more equal- 
v,-^— ^ ized. But from this time forward it was found impossible 
to preserve anything like uniformity in the several classes. 
So many ships captured from the French, Dutch, and 
Spaniards, were added to our navy, and so many new ones 
built after the models of ships taken from these maritime 
powers, that the various descriptions of ships of which our 
navy was composed became a very serious evil. 

In the year 1745, a committee, composed of all flag-offi- 
cers unemployed, of the commissioners of the navy who 
were sea-officers, under the presidency of Sir John Norris, 
and assisted by the master shipwrights, were ordered to 
meet, to consider and propose proper establishments of 
guns, men, masts, yards, &c.,for each class of his Majesty’s 
ships ; and, according to their recommendation, the rates, 
armaments, and complements of his Majesty’s ships were to 
be as follows : — 


1st rates 

2d „ 

3d „ { 

4th „ I 

5th „ 

6th „ 


100 

guns 


750 

men. 

90 

„ ...b. 

750 „ 

660 

yy 

80 

,, ..... 

650 „ 

600 

w 

70 

3) 

520 „ 

460 

tT 

60 

>1 

420 „ 

380 

rf 

60 

,, ..... 

350 „ 

280 

yy 

44 

Jl 

280 „ 

220 

yr 

24 

,, ...... 

160 „ 

140 

f* 


But this establishment was very soon departed from;, 
for on the 3d of February 1747 the Board of Admiralty 
acquainted his Majesty, that the French ship Invincible,, 
lately captured, was found to be larger than his Majiesty’s. 
ships of 90 guns and 750 men ; and suggested that this, 
ship, and all other prizes of the like class, and also his Ma- 
jesty’s ships of 90 guns, when reduced to two decks- and 
a-half, and 74 guns, should be allowed a complement cjf 70D 
men. And it further appears that at the latter end of the 
reign of George II. the rates of ships had undergone a 
. very material alteration, for they consisted as under i — 


1st rates 

100 

guns. 

2d „ 

90 

93 

3d „ 


„ 74—70—64 guns* 

4th 

60 

?> yy 

6th „ 

44 

,, 38 — 36— 32 „ 

6th „ 

30 

„ 28—24—20 „ 


The scales for measuring the ships were as various as 
their rates ; and the evil was further increased by the va- 
rieties which it was found necessary to introduce in the 
rigging and arming of the ships of war. The masts, yards, 
rigging, and stores, were of so many and various dimen- 
sions, as to be not only Iiighly inconvenient, but extremely 
expensive. When Lord Nelson was off Cadiz with 17 or 
18 sail of the line, he had no less than seven different classes 
of 74-gun sliips, each requiring different-sized masts, sails^ 
yards, &c., so that in the event of one of these being dis- 
abled, the others could not supply her with such stores as 
could be appropriated to her wants. 

To remedy the many inconveniences resulting from the 
irregularities above mentioned, the lords of the Adnairalty 
suggested, by their memorial to the Prince Regent, which, 
by his order in Council, of the 25th November 1816y was 
ordered to be carried into effect, that the ships of the navy 
should for the future be rated as under : — 

The first rate to include all three-deckers, in as much as 
all sea-going ships of that description carry a hundred guns 
and upwards. 

The second rate to include all ships of 80 guns and 
upwards, on two decks. 

The third rate to include all ships of 70 guns and up- 
wards, but less than 80 guns. 

The fourth rate to include all ships of 50 and upwards, 
but less than 70 guns. 

The fifth rate to include all ships from 36 to 50 guns. 

The sixth rate to include all ships from 24 to 36 guns. 


And that the complements of men be established as Materiel, 
under : — j > 

1st rates 900 — 850 or 800 men. 


2d 

3d 

4th 

6th 

6th 


?» 

» 

yi 

9 i 


700 or 650 
650 „ 600 
450 „ 350 
300 „ 280 
175 — 145 or 125 


yy 


yt 


Of sloops, the complements established according to their 
size were to consist of 135, 125, 95, or 75 men ; of brigs 
(not sloops), cutters, schooners, and bombs, 60 or 50 men- 
Thus at that time stood the rating and manning of the 
navy ; but it is now as follows, viz : — 


Present Rating op the Navy. 

Classes and Denominations of ffer Majesty’s Ships, 

1. Rated ships, that is to say, ships registered on the list of the 
royal navy, under one of the six following rates : — 

Mrst-rateSf to comprise all ships carrying 110 guns and upwards, 
or whose complements consist of 960 men or more. 

Second-^rates, to comprise one of her Majesty’s yachts, and all 
ships carrying under 110 guns, and not less than 80 guns, or whose 
complements are under 950, and not less than 720 men. 

Third-rateSf to comprise her Majesty’s other yachts, and all such 
vessels as may hear the flag or pennant of any admiral, superin- 
tendent, or captain superintendent of one of her Majesty's dock- 
yards ; and all ships carrying under 80 guns, and not less than 70 ; 
or whose complements are under 720, and not less than 600 men. 

Fourth-rateSf to comprise all ships carrying under 70 guns, and 
not less than 60, or whose complements are under 600, and not less 
than 440 men. 

Fifth^ratesj to comprise all ships under 50 guns, and not less than 
30 ; or whose complements are under 440, and not less than 300 
men; and 

Sixth-rates, to consist of all other ships bearing a captain. 

2. Sloops, — to comprise bomb-ships and all other vessels com- 
manded by commanders. 

3. All other ships commanded by lieutenants, and having com- 
plements of not less than 60 men. 

Smaller vessels, not classed as above, to have such smaller com- 
plements as the lords commissioners of the Admiralty may from 
time to time direct. 


The following is the present complement of ships : — 



Steam-Tesselfl* 

SaiUng-veSBels. 

1st rates 

2d „ 

3d „ 

4th „ 

6th „ 

6th 

Sloops 

Smaller vessels 

Men. 

1060 to 1130 
750 „ 930 
600 „ 620 
475 „ 660 
300 „ 360 
180 „ 260 
100 „ 165 

36 „ 90 

Men. 

970 

720 to 850 
600 „ 650 
440 „ 500 
300 „ 375 
185 „ 275 

80 „ 140 

60 „ 65 


It is of the utmost importance, with a view to convenience 
and economy, that the size and dimensions of the several 
rates should be kept as nearly as possible equal, in order 
that one description of stores may be applicable to every 
ship of the same rate. To this end the commissioners of 
naval revision have recommended, “ that the ships of each 
class or rate should be constructed, in every particular, 
according to the form of the best ship in the same class in 
our navy; of the same length, breadth, and depth; the 
masts of the same dimensions, and placed in the same parts 
of the ship, with the same form and size of the sails.” A 
complete classification of masts, yards, and sails, has since 
been established. 

The nine line-of-battle ships previously alluded to as 
‘^the largest the world could produce,” are now far ex- 
ceeded b^y the screw steam-ships recently built, and in 
course of construction, ^ — viz., the Victoria, and Howe, each 
of 121 guns and 1000 horse-power; the Royal Sovereign, 
Prince of Wales, and Marlborough, each of 131 guns 
and 800 horse-power; and the Duke of Wellington, of 131 
guns and 700 horse-power. Besides these, we have the 




96 N A 

Materiel. Royal Albert, 121 guns, 500 horse-power; the Trafalgar, 
120 guns; the Donegal, 101 guns, 800 liorse-power ; the 
Revenge, 91 guns, 800 horse-power; the St Jean d’Acre, 
101 guns, 600 horse-power; the James Watt, Agamem- 
non, and Orion, each of 91 guns and 600 horse-power; 
the Princess Royal, 91 guns, 400 liorse-power ; the Shan- 
non steam frigate, 51 guns, 600 horse-power ; the Terrible 
(paddle), 21 guns, 800 horse-power; the Doris, 32 guns, 
800 horse-power; and many other screw ships (including 
the Mersey and Orlando, both of the largest class frigates 
with an armament of 40 and 50 guns respectively). The 
large line-of-battle ships, however, are generally considered 
ill adapted for the ordinary purposes of war, and will pro- 
bably be discontinued. The rapid increase of steam-shif)s 
in the Royal Navy has of late years been surprising, and 
probably ere long there ivill be no other class of ships 
or vessels afloat. Indeed this is nearly the case now. 
Steam corvettes and steam gun-boats supply the place of 
all the smaller class of vessels. There are at present 160 
gun-boats on the list of the Royal Navy, of 20, 40, 60, and 
80 horse-power. 

Improvements in Construction. 

If we look back to the days of Elizabeth, when the 
chain-pump, the capstan, the striking of the top-masts, the 
studding-sails, top-gallant-sails, sprit-sails, &:c., were first 
introduced into the navy, one can scarcely conceive how 
they contrived to keep the sea for any length of time ; but 
these improvements, important as they were, are trifling 
when compared with those aids and conveniences which 
have gradually been introduced since her reign, and which 
a ship of war now enjoys. When Sir Anthony Deane, in 
1664, raised the lower ports of a two-decker four and a 
half feet out of the water, which had before been scarcely 
three feet, and made a ship of this class to stow six months' 
provisions instead of three, it was justly considered os a 
most important improvement; not less so, when the breadth 
of a ship of this class was carried to 45 feet. The 
builders of England,” says Pepys, “before 1673, had not 
well considered tliat breadth only will make a stiff' ship.” 
Tt must be confessed, however, that, as far as the form of 
a ship's bottom depends on scientific principles, we have 
copied our best models from the French, sometimes with 
capricious variations, which more frequently turned out to 
be an injurious alteration than an improvement. 

The first essential alteration in the form of our ships of 
the line was taken from the Superbe, a French ship of 
seventy-four guns, which anchored at Spithead, on the 
model of which, as already stated, the Harwich was built 
by Sir Anthony Deane in 1674 ; since which time we have 
constantly been copying from French models, improving 
or spoiling, as chance might determine. “ Where we have 
built exactly after the form of the best of the French ships 
that we have taken,” say the commissioners of naval revi- 
sion, “ thus adding our dexterity in building to their know- 
ledge in theory, the ships, it is generally allowed, have 
proved the best in our navy ; but whenever our builders 
liave been so far misled by their little attainments in the 
science of naval architecture as to depart from the model 
before them in any material degree, and attempt improve- 
ments, the true principles on which ships ought to be con- 
structed (being imperfectly known to them) have been 
imstaken or counteracted, and the alterations, according to 
the mfonnation given to us, have in many cases done harm.” 
Whilst, therefore, they add, “ our rivals in naval power were 
employing men of the greatest talents and most extensive 
acquirem^ts to call in the aid of science for improving the 
cons^ction of ships, we have contented ourselves witli 
groping on in the dark in quest of such disaweries as 
chance might bring in our way.” 

^ Upon these grounds, and by the recommendation of the 
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commissioners, a school for a superior class of shipwright Materiel, 
apprentices was established in Portsmouth dockyard- It 
consisted of twenty-five young men of liberal education, 
whose mornings were passed in the study of mathematics 
and mechanics, and in their application to naval architec- 
ture, and the remainder of the day under the master ship- 
wright in the monld-Ioft, and in all tiie various kinds of 
manual labour connected with sliip-building, as ivell as in 
the management and conversion of timber, so as to make 
them, at the same time, fully acquainted with all the duties 
in detail of a practical shipwright. Afler producing more 
officers than could be provided for, it was deemed expedient 
to break up tlie establishment. 

If, however, we had hitherto been ipferior to the French 
in the scienttfic principles of ship-building, in the construc- 
tive part we left them behind beyond all conjparison ; and 
notwithstanding the narrow prejadict‘s whicli have been 
more remarkably adhered to among ship^M-ights than among 
almost any other class of artizans, various alterations and 
improvements have from time to time l)cen introduced into 
the mechanical part of naval architecture, which have added 
to the strength, the stability, the comfort, and convenience^ 
of our ships of war, and rendered them, in every [w>int of 
view, superior to those of any other nation. The applica- 
tion of iron where \vood was formerly used, and of C(»pper 
for iron, has added considerably to the durability of shijis ; 
and the sheathing of tlieir bottoms with copper, to their 
celerity, giving them at the same time a protection against 
the worm and those marine insects which were wont to 
adhere to them ; yet it is remarkable how strong tlie preju- 
dice was against this practice before it obtained a due <ie- 
gree of credit. In the fleet of Sir Edward Hughes in Iiulia 
there was but one cof>percd ship, and Rodney's stjuadron In 
the West Indies had but four that were coppered in the 
year 1782 ; but these were enough so completely to t stablish 
their superiority over the otliers witli wooden sheathing, that 
in the year 1 782 the whole British navy wa4 coppered. 

But the greatest of all improvenu nis in the construc- 
tion of ships of war, as tending to their strength and 

durability, is the system of diagonal bracing, intro- 

duced by Mr (alU*nvards Sir Robert) Seppingi, surveyor of 
the navy, and now universally adopteil in alt ships of the 
line and frigates,— a system that may be said to have entail 
lished a new- era in naval architecture. Of all large ma- 
chines destined to undergo sevtTe shtJcks, a ship i« perhaps 
the least skilfully anil artificially contrived, tier several 
parts arc put together on a priocipli* so much op(m«e<l to 

that which constitutes .‘-tri ngtii. tijat if a ship on the old 

construction should be put njion wheels, and drawn over a 
rougli pavement, the action of a day would shake her in 
pieces; but being destined to move in an element that 
closes upon her, and presses her equally on all sides, she 
is prevented from falling in pieces outwards, ami her Inmm 
and decks preserve her from tumbling inwards. Whoever 
has observed a ship in frame, m it is called, on the — 
that is, with only her timbers erected — must he forcibly re- 
minded of the skeleton of some large quadruped, as of a 
horse or ox, laid on its back ; the keel re,<em!>!ing t!ie back- 
bone, and the curved timbers the ribs, whkh 1% in fact, the 
name by which they sometimes go. These ribs, issuing at 
right angles from the keel, consist, in a seventy-four gun 
ship, of about 800 different pieces, tlie space between each 
rib seldom exceeding five inches. These ribs are covered 
with a skin or planks of different thicknesses within and 
without, also at right angles to the ribs, and fixed to them 
by means of wooden pins or tree-nails. In the inside three 
or four tiers of beams cross the skeleton from side to side, 
at right angles to both planks and ribs. I'hese beams sup- 
port the decks- At right angles to the himm are pieces 
of wood called cartings, and at right angles to tlieie other 
pieces called ledges, and ujx>n these the planks of tlie deck 
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Materiel, are laid in a direction at right angles to the beams, and pa- 
rallel to the planking of the sides. From this sketch it will 
be perceived that all the parts of a ship are either parallel 
or at right angles to each other. The ribs form a right 
angle with the keel, the planks inside and out are at right 
angles to the ribs, the beams at right angles to these, the 
Carlings to the beams, the ledges to the carlings, and the 
planks of the decks to the ledges, the beams, and the ribs. 

Now, it is well known to every common carpenter that 
this disposition of materials 
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is the weakest that can be 
adopted. Thus, if five pieces 
of wood be pinned together 
in the shape of a parallelo- 
gram, it will require but 
little force to move them 
from the rectangular to the oblique or rhomboidal shape, 
But place a cross-bar, as in the 
figure Z, as carpenters are accus- 
tomed to do on a common gate, 
and it is no longer moveable on 
the points of fastening. 

The strongest proof of a ship^s 
partaking of this weakness in the 
old construction is afforded on 
her being first launched into the water, when it is invaria- 
bly found that the two extremities, being less water-borne 
than the middle, drop, and give to the ship a convex cur- 
vature upwards, an effect which, from its resemblance to 
the shape of a hog’s back, is usually called hogging. In 
very weak or old ships this effect may be discovered in all 
the port-holes of the upper-deck, by their having taken the 
shape of lozenges, declining different ways from the centre 
of the ship to each extremity. 

To obviate this great defect, Seppings tried the expe- 
riment of applying to the ribs or timbers of the ship, from 
one extremity to the other, and from the orlop-deck down- 
wards to the kelson, that well-known principle in carpen- 
try, called trussing ; being, in fact, a series of diagonal 
braces disposing themselves into triangles, the sides of 
which give to each other a mutual support and counter- 
action, These triangles were firmly bolted to the frame ,* 
and in order to give a continuity of strength to the whole 
machine, and leave no possible room for play, he filled , the 
spaces between the frames with old-seasoned timber cut 
into the shape of wedges ; but afterwards with a prepared 
cement, thus rendering the lower part of the ship or floor 
one solid complete mass, possessing the strength and firm- 
ness of a rock ; but a few years have proved that this 
cement has injured the timber. 

The same principle of trussing is carried from the gun- 
deck upwards, from whence, between every port, is in- 
troduced a diagonal brace, which completely prevents the 
tendency of ships to stretch, or draw asunder their upper 
works. The decks, too, are made subservient to the more 
firmly securing of the beams to the sides of the ship, by 
the planks being laid diagonally in contrary directions, 
from the midships to the sides, and at an angle of forty-five 
degrees with the beams, and at right angles with the ledges. 

Jb frigates and smaller vessels, iron plates, lying at an angle 
of forty-five degrees with the direction of the trusses, are 
substituted for the diagonal frame of wood in ships of the line. 

By this mode of construction, the ceiling or internal 
planking is wholly dispensed with, and a very consider- 
able saving of the finest oak timber thereby effected; and, 
what is more important, those receptacles of filth and ver- 
min between the timbers, which were before closed up by 
the planking, are entirely got rid of. This is not the least 
important part of the improvement, either as it concerns 
the soundness of the ship or the health of the crew. It is 
stated that a ship which had been three years in India, on 
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being laid open, exhibited a mass of filth, mixed up with Materiel, 
dead rats, mice, cockroaches, and other vermin, which was 
taken out in cakes, not unlike in appearance the oil-cake 
with which certain animals are fed ; that the stench was 
abominable, and the timbers with which it was in contact 
rotten. No such filth can find a lodgment in ships of war 
as they are now built. 

It has been a subject of discussion amongst ship-build- Fasten- 
ers, whether tree-nails or metallic fastenings are to be^^^®* 
preferred. The objection to iron bolts is their rapid cor- 
ro^on, from the gallic acid of the wood, the sea-water, 
and perhaps by a combination of both ; in consequence of 
which the fibres of the wood around them become in- 
jured, the bolts wear away, the water oozes through, and 
the whole fabric is shaken and disarranged. Tliis corro- 
sion of iron fastenings was most remarkable when the 
pra^ctice of sheathing ships with copper became general, 
and when iron nails were made use of to fix it ; for, by the 
contact of the two metals in the sea-water a galvanic 
action took place, and both were immediately corroded. 

Mixed metal nails are now used for this purpose ; and cop- 
per bolts are universally employed below the line of 
flotation, though it is found that in tliese also oxidation 
takes place to a certain degree, and causes partial leaks. 

Various mixtures of metals have been tried, but all of them 
are considered as liable to greater objections than pure 
copper. It would appear, then, that tree-nails, if properly 
made, well seasoned, and driven tight, are the least objec- 
tionable, being seldom found to occasion leaks, or to injure 
the plank or timbers through which they pass. This spe- 
cies of fastening has at all times been used by all the 
maritime nations of Europe. The Dutch were in the habit 
of importing them from Ireland, it being supposed that 
the oak grown in that country was tougher and stronger 
than any which could be procured on the Continent, and 
in all respects best adapted for the purpose. “ Under 
all circumstances/' says Mr Knowles, ** it appears that the 
present method of fastening ships generally with tough, 
well-seasoned tree-naiJs, with their ends split, and caulked 
after being driven, and securing the buts of each plank 
with copper bolts well clenched, is liable to fewer objections, 
and more conducive to the durability of the timber, than any 
other which has been tried or proposed to be established." 

Rounding the form of the bow in ships of the line is Round 
considered by nautical men as of great utility and import- ^owe to 
ance. The plan was first proposed by Seppings in 1807, 
and has since been generally adopted. The removal of 
the head railing, and the continuing of the rounded form, 
give not only great additional strength to the ship, but 
also much more comfort and convenience to the crew, and 
security in that part of the ship when in action. 

The scarcity of compass or crooked timber was, forScarphing 
some time, attended with serious injury to those ships 
war while on the stocks, into which it was considered 
necessary to be introduced. The difficulty with whiclt 
was procured, the length of time which a ship sometimes 
remained on the stocks waiting for a few pieces of com- 
pass timber, the green wood, when found, being imme- 
diately added to the seasoned timber in other parts of the 
frame, gave to the ship different periods of durability ; 
though, in the long run, the seasoned parts became af- 
fected by the green wood with which they were in con- 
tact, and a premature decay of the whole fabric was the 
consequence. Seppings, therefore, proposed a plan in 
1806, which, by uniting short timbers according to a me- 
thod called scarphing, enabled him to obtain every spe- 
cies of compass-form that could be required from straight 
dmber. Since that period, the whole frame of a ship can 
be prepared at once, without waiting for particular pieces^ 
and thus every part of it can be made to undergo an equal 
degree of seasoning. 
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Materiel. By the same ingenious and indefatigable surveyor of 
tliB oavy, a plan was proposed and adopted in the year 
Plan for 1813, by which ships of the line were built with timber 
rendering hitherto considered as applicable only to the buudmg of 
frigate frigates, and that which had been deemed only fit for m- 
timber ap- appropriated to principal purposes. The 

phcable to Talavera was the first ship built on this principle, and 
tKe the expense of her hull is stated to have been about 
L.IOOO less than that of the Black Prince, ship of 
similar dimensions built upon the old principle. 1 he method 
by which the timbers were united was found, on trial of 
the Talavera with the Black Prince, whilst in frame, to 
give so much additional strength to the former, that it 
furnished the groundwork of the present mode of framing 
the British navy, by the introduction of the same union of 
materials in the application of the large as was practised 
in that of tlic small timber, and jfrom which both strength 
and economy liave been united. 

Use of The building of the Talavera, and the great strength 
chocks abo- of ^er frame, led to the practice of putting together the 
llahed. frarnos of ships of the line from timbers of reduced lengths, 
and dispensing altogether with the chocks used for uniting 
their extremities, or, as they are technically called, their 
heads and heels. These chocks are of the form of an 
obtuse wedge, as A, and they are used to unite the two 
pieces of timber, as B and C, by firmly bolting the piece 
A to the two timbers B and C- 



It generally happened, however, that in the operation 
of tlius fixing this chock its two extremities split, and the 
surfaces of the cliock and timbers not being in perfect 
contact, the moisture and tlie air were admitted, and occa- 
sioned, as they always do, the dry rot to a greater degree 
in those parts of the ship than in most others ; and as there 
were from 400 to 500 of these chocks in a 74-gun ship, 
it will readily be conceived wliat mischief was done to the 
whole fabric, if the greatest care was not taken by the work- 
men to prevent their splitting, and to bring their surfaces 
immediately into contact. It is obvious, also, that a great 
deal of timber must have been cut to waste in making 
these chocks ; and, in fact, they consumed timber in each 
ship, when it was at a high price, to the value of from L.15(K) 
to L.2000, besides a considerable expense in workmanship; 
and when the ship came to be repaired, not one chock in 
six was found to be in a fit state to be used again. It is 
not easy to conceive how this practice of uniting the tim- 
bers of a ship’s frame came to be introduced so generally into 
the British navy, more especially as it is unknown in any 
other nation. It was probably first adopted to preserve the 
lengtii of some particular timber, one of the ends of which 
being defective, the unsound part may have been cut away 
in the manner represented, and the sound chock introduced 
to fill up the vacuity. But it is quite surprising how a practice 
should have become general which creates a waste of timber, 
an increase of workmanship, and sows the seeds of premature 
decay. To obviate these disadvantages. Sir Robert Sep- 
pings brought the butt ends of the timbers together thus — 



and kept them together by means of a round dowal or 
coak, as C, just as the fellies of a carriage-wheel are fas- 
tened togetiier. He justly observes, that the simplicity of 
the wor&awiship, the economy in the conversion timber, 
and the greater strength and durability, although of con- 
siderable moment, are of but trifling importance when com- 
pared with the i^vantage of rendering timber generally 
more applicable to the firames of ships which had heretofore 
but been partially so. 

^ Another great improvement in the construction of rfups 


of war, introduced by Seppings, is the round stern, which, Materiel, 
however unsightly it may at first appear, from our being ac- 
customed to view the square stern, with its grotesque carved Round 
work, is even in appearance more consistent with the ter- stern, 
mination of the sweeping lines of a ship’s bottom than the 
cutting them off abruptly with a square stern. But the ad- 
ditional strength which is thus given to a ship in that jmrt 
which was hitherto the weakest, is alone sufficient to re- 
commend the adoption of the plan in our ships of war, par- 
ticularly in tliose of the larger classes. The advantages 
gmned by circular sterns arc thus enumerated by Sir Robert 
Seppings : — 

1. They give additional strength to tiie whole fabric of 
a ship. 

2. They afford additional force in point of defence. 

3. They admit of the guns being run out in a similar way 
to those in the sides* 

4. From the circular form, and mode of carrying up the 
timbers, an additional protection against shot is obtained if 
the ship should be raked. 

5. The stern being eqimlly strong as the bow, no serious 
injury can accrue in the event of the Anp being j>ooped ; 
and the ship may be moored, if so required, by the stern. 

6. A ship will sail better upon a wmd, from tlie removal 
of the projections of the quarter galleries. 

7. Ships of the line have now a stern-walk, protected by a 
veranda, and so contrived that tlm officers can walk all rourtd, 
can observe the set of tim sails, and the fleet in all directions. 

8. The compass-timber heretofore expended for transoms 
is replaced with strsught timber, and worked nearly to a 
right angle, which affords a considerable saving in tim con- 
sumption of timber. 

9. The counter being done away by the circular stemi 
the danger from boats being caught under it i$ obviated. 

In fact, the circular stern {assesses many other advan- 
tages not necessary to be enumerated In this place. 

Another important improvement in tlie interior construe- Iron kncei. 
tion of ships has been the sul)stitution of iron in lieu of 
the clumsy wooden knees for the support of the decks. 

Sir William Symonds, who was many years surveyor of 
the navy, and who greatly improved the build of ships of tlon of 
all classes, assisted by Mr Edic, was tiic first to reduce to a ™ 
system and classify the masts and yards, the advatktage of 
which cannot be overrated. 

In the same way the armament of a ship is now brought Armament 
more into a system, and it is no longer nccasiary to alter 
the fittings of tim ports to allow of elevating and dtpresaing 
the guns. These, and many otiier simili^ syatematic ar- 
rangements — simple enoi^li, it must be admitted-*-are of 
very recent introduction into the service. 

The names of Olivet Lang, his son Oliver W. Langy 
(who has built tlm fastest steam-vessels afl(mt), Ftnehain, 
and Roberts, master-shipwrights of the several yards, are 
also closely connected with various important improve- 
ments in ship-buUding in the Royal Navy. 

Improvements in the Preservaiim of ike Navy. 

Not only is tlie new mode of construction highly favour- 
able to the duration of ships, but the ravages of the dit^ease 
which is known by the name of the dry rot, occasioned 
principally by the hurry in which ships were built in the 
course of the French war, and the unseasoned state of tlie 
timber made use of (see Dry Rot), led to such meamims 
as tend most effectuidiy to the preservation of the fleet 

In the first place, various modes were put in practice for By pr«- 
assorting and seasoning the timber, andf for protecting it 
from the vicissitudes of the weather. The oalt and fir of ^ 
Canada, which had been introduced to a great exKml into 
our dockyards during the time the Baltic was shut stgalmi 
this country, are now exduded j these woods having been 
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Materiel, found not only to possess little durability, but to be so friendly 
to the growth of fungi that they communicated the baneful 
disease to all other descriptions of timber with which they 
came in contact. The practice of building ships under 
cover, introduced into our dockyards in the course of the 
said war, and carried to an extent so as to have roofed over 
almost every dock and slip in all the yards, has been pre- 
ventive of the progress of dry rot. (See Dooktakds.) 

By pre- A ship now placed in ordinary, whether new or newly 
cautions in repaired, is carefully housed over, so that no rain can reach 
ordinary, lower decks; several streaks of planks are removed 
from her sides and decks to admit a thorough draft of air, 
which is sent down by wind-sails, and which pervades every 
part of the ship : and these, with the addition of two small 
airing-stoves, in which a few cinders are burned, render her 
perfectly dry and comfortable on all the decks and store- 
rooms. All the shingle ballast is removed out of the hold, 
which is thoroughly cleaned and re-stowed with iron ballast 
The former practice of mooring two ships together, by 
which the two sides next to each other, deprived of the sun 
and a free circulation of air, were generally found to be de- 
cayed, is discontinued. The lower masts are left standing, 
and their tops housed over ; the gun-carriages and several 
of the stores are left on board ; and such, in short, is the 
state of a ship in ordinary, that she may be fitted in all re- 
spects for proceeding to sea in half the usual time. “ The 
ships,” says Mr Knowles, “ are frequently pumped to clear 
them of bilge-water, and cleanliness in every respect is at- 
tended to; the lower decks are rubbed with dry stones, 
commonly called holly-stones^ and 'v<^ith sand, the use of 
water upon them being strictly forbidden.” But that which 
most of all is likely to insure the preservation of the fleet 
whilst in the state of ordinary, is the recent regulation which 
places the ordinary under the immediate superintendence of 
a captain at each port, with other commissioned oflicers 
under his orders, who take care that the warrant-oflScers and 
ship-keeperS attend to the proper airing, ventilating, and 
keeping clean and dry their respective ships. 

By immer- A practice had been intrbduced into the dockyards of 
sion of steeping oak timber in salt water for several months, and 
timber in jjjgjj stacking it till it became perfectly dry, which is said 
sa water. entirely put a stop to the progress of dry rot whOre 

it had already commenced, and to have acted as a preventive 
to that disease. Some doubts, however, were entertained 
on this point, and the practice has been discontinued. The 
Americans seem to place little confidence in the good effects 
which are said to have been experienced from the immer- 
sion of timber. Rodgers, the commissioner of their navy, 
stated in an official report addressed to the secretary, that 
experiments have been made to arrest the dry rot in ships, 
by sinking them for months in salt water, but without suc- 
cess. The texture of the wood was found to be essentially 
injured by being thus water-soaked, and it became more 
subject to this disease than before it was sunk. The ships 
were also injured in their fastenings, and the atmosphere 
within them was kept in a constant state of humidity, 
whence, among other ill effects, proceeded injury to pro- 
visions and stores, and sickness to the crews.” The truth 
is, the American timber, with the single exception, per- 
haps, of the live-oak, is remarkably subject to dry rot, of 
which, during the war with France, we had fatal experience. 
Mr Rodger^, however, accounts for the condition in which 
the oak ind pine were received in England from Canada by 
their immersion in water, “ The Canada timber,” he ob- 
serves, “ IS bifdught doWn the St Lawrence in large rafts, 
continues months in water, and in that saturated state is 
landed and exposed to frost ; every attempt to season it 
under cover is unavailing ; its pores never close again, and 
when used as ship- timber dry rot ensues, which, when once 
commenced, can never be arrested but by taking out all the 
pieties in any degree affected.'^ The Russians, he says, are 
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SO fully aware of the injurious effects of soaking ship-timber Materiel, 
in water, that it is brought from great distances down the 
rivers in crafts instead of rafts. The Russian ships, how- 
ever, with all this precaution, are not remarkable for dura- 
bility. The ships built at Antwerp by the French were in 
a state of rottenness before they were launched ; but whether 
this was owing to the bad quality of the timber of the Ger- 
man forests, or to its being water-soaked in rafting down the 
Rhine, remains doubtful. But we can have no doubt that 
porous timber is injured by moisture, though the solid Bri- 
tish oak may be improved by the dissolution of its sap 
juices, to the fermentation of which the disease known by 
name of dry rot may perhaps be chiefly owing. Water,” 
says Lescalier, a French writer of considerable merit on 
the subject, “ seems to be favourable to the decomposition 
of the sap of timber when immersed ; hut it substitutes in 
its place another kind of moisture not less destructive, of 
which the timber, though afterwards exposed to the air, 
will not easily get rid ; besides, it weakens and destroys 
the grain of the wood.” The best means,” he adds, *‘of 
preserving timber, appears to be that of keeping it in well- 
constructed and airy sheds, in a vertical position, so that the 
moisture which remains in the interior of the logs, by 
running along the fibres of the wood, may be enabled to 
issue from the lower extremity. Timber thus kept dry, 
under shelter, will preserve itself for ages.” Mr Knowles, 
secretary to the committee of surveyors of his Majesty’s 
navy, in his treatise on the Means of Preserving the British 
Namj^ is led to conclude, from a variety ol‘ exi)erinients, 

that timber is better seasoned when ke[)t for two years 
and a half under cover, than when placed for six months in 
water, and then for two years in the air, protected from the 
rain and sun ; that it loses more in seasoning by having 
been, during the six months of immersion, alternately wet 
and dry, than the whole time underwater ; and that the loss 
in moisture is greater in all cases in a given time wheri the 
butt ends are placed downwards.” And he adds, as a general 
principle, “ that no timber should be brought into use in 
this country until it has been felled at least three years.” 

Sir William Burnett, many years physician of the navy, pro- 
duced a solution for tlie preservation of timber and canvas, 
which has been found in many cases eflicacious. 

Next to the system of diagonal braces, the roofing thrown By roofing 
over them whilst building and in ordinary may be con- ships, 
sidered as the greatest of all improvements for the preserva- 
tion of the navy. The utility of it is so obvious, that it is 
quite extraordinary such a practice should not have been 
earlier adopted ; more especially as at Venice, at Carlscrona, 
and at Cronstadt, ships of war had long been built, re- 
paired, and protected under covered roofs. It was strongly 
recommended to the English ship-builders sixty or seventy 
years ago, but without efiect ; and had it not been for the 
extraordinary ravages of the dry rot in the unseasoned 
timber-built ships of the navy, we should still have been 
without roofs to our docks and slips. 

If the dockyards were of sufficient capacity, there can be By other 
no doubt that the efiicient plan to accomplish their dura- raeans. 
bility would be that of keeping them on the slip, when built, 
under cover. A large frigate, the Worcester, remained on 
the slip and under cover for six or seven years, and there 
was not a flaw in her of any kind. It was stated by Mr 
Strange, when examined by the commissioners for land re- 
venue, that in the year 1790 there were twenty-two ships 
of the line under roofs in the port of Venice, some of which 
had remained in that situation fifty-nine years. Since, how- 
ever, it is utterly impracticable to keep our navy on slips 
or in dry docks, the next important consideration is, how 
best to preserve them afloat in a state of ordinary. Various 
expedients have been at different times resorted to in order 
to prevent the premature decay of ships laid up in this state 
during peace. The two great requisites for their preserva* 
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Materiel, tion are ventilation and cleanliness. To promote the for- 
^ j mer, wind-sails were in general use ; though, if not attended 
to, so as to oppose tlie open part to the quarter from whence 
the wind blows, or if the weather be calm, they are of little 
benefit. Pneumatic machines of various kinds, as pumps 
and bellows, have been applied to force out the foul air, 
and introduce atmospherical air into the lower parts of a 
ship’s hold. Heated air from stoves, placed in various parts 
of the ship, and conducted through tubes, was thought at 
one time to be efficacious in the preservation of the navy; 
but experience soon showed that the heat thus circulated was 
so far objectionable, as it tended to encourage the growtli 
of fungus wliere there was any moisture lodged, and in the 
timber which had not been thoroughly seasoned. Perhaps 
no better means can be suggested than those we have de- 
scribed to be in practice, — ^namely, to keep them clean, to ad- 
mit as much dry air as fjossible, and to exclude all moisture. 

Finally, if wc take into consideration the numerous im- 
provements which a war, unparalleled in its duration, had 
been the means of introducing into the materiel of the 
navy, whether it regards the economy of its application, the 
construction of the ships, or their mode of preservation, 
wc may safely say, that at no former period was this country 
in possession of such a navy as after the close of the war 
witli France, in respect of the number, size, and good con- 
dition of the ships which compose a fleet superior to those 
of the whole world besides ; and it is gratifying to find that, 
with all the enormous consumption of the military and mer- 
cantile navy, it does not appear that the naval resources of 
Great Britain were at that time at all impaired. The pre- 
sent state of the navy, at the close of another great w'ar, 
in which its resources were in some respects severely tried, 
is no less satisfactory. 


Naval Resources, 

It is of essential importance that the supply of stores for 
the use of the fleet should not only be adequate to the de- 
mand, but that a sufficient stock should be kept on hand to 
answer any stiddcn emergency. This is the more neces- 
sary witli regard to those species of stores which arc derived 
from foreign nations. 

Principal The principal articles of consumption required for build- 
naval jpg (jquippjng a fleet are, — hemp, canvas, pitch, tar, 
stores. copper, and timber. All these articles might un- 

questionably be produced in sufficient quantities in the 
united kingdom and her colonies, if necessity absolutely 
Ilcmp. required it. Hemp, for instance, might be grown to any 
extent in Great Britain and Ireland, were not the land 
more advantageously employed in raising other articles of 
consumption, and if it could not be cheaper imported from 
Russia. In the East Indies, the Sunn hemp (inferior, it is 
true, to Kussian hemp) might be procured to any extent; 
and other plants, both there and at home, might be substi- 
Pitch and tuted for the making of cordage and canvas. For pitch 
and tar recourse might be had to the pitch-lake on the 
island of Trinidad, and the coal-tar, of which an inexhaust- 
ible supply may be had at home. The lake is about four 
miles in circumference, and many feet in depth, of solid 
pitch ; and it is stated tliat, when mixed witli oil or tallow, 
it is rendered fit for all the puri)Oses to whicli pitch and tar 
are usually applied. It has the advantage of securing ships’ 
bottoms against the attack of the worm, which is very 
active in me neighbouring gulf of Para; and it does not 
corrode iron. The coal-tar of home manufacture, from 
some prejudice or other, was refused a fair trial till very 
lately, and it is now deemed not inferior for many purposes 
to the common tar. For painting or tarring over wood- 
work of every kind, it is said to stand exposure to the 
weather even better than the common tar; and it is used 
for injecting, in large quantifies, between the timbers of 
wiips, as a preservative from the dry rot; its powerful 
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smell having also the good effect of driving rats and other Matiml. 
vermin out of the ships in which it is employed. 

In the tw'o important articles of copper and iron, our cwm Copper and 
resources may be considered as inexhaustible. Formerly iron, 
it was deemed indispensable that certain articles should be 
made of Swedish iron ; but of late years our own has been 
manufactured in every respect equally good; and the exten- 
sive application of this meUl in bridges, barges, dock-gates, 
roofs, rafters, floors, ficc., has been equally progressive in 
most naval j)iirposes. Iron knees, and other modes of bind- 
ing tl\e beams lo the side timbers of ships, are now substi- 
tuted for those large and crooked pieces of timber, as al- 
ready stated, which were once deemed absolutely neces- 
sary. Our cables, rigging, and tanks for holding 

water, are also now of iron. A ihw steam-vessels have also iron ahipa 
been constructed of iron ; but from expiTiments made by 
firing at them, they have been found wholly unsuited for 
purposes of war, the shot passing through their si<le, and leav- 
ing frightful rents, which, if struck Ijeiwecn wind and water, 
would speedily cause them to fill and sink. It i.s tlu refbre 
assumed that they will be discontinued in the Hojal Navy. 

But the most important article of demand for tlie use of»pimber. 
the navy is timber, principally oak, concerning the supply 
of which from our own territories dillerent opinions have 
hecn entertained. A deficiency in other articles may 
readily be supplied. A failure in the imjwrtation of hemp, 
for instance, in any one year, might be remedied the next, 
by an extended cultivation of that article ; but it re(|uires a 
whole century to repair any defalcation of oak timht*r, and 
to render us "independent of other nations. Nor haa the 
subject been sufficiently elucidated, so as to form a just 
opinion, by the several committees of the House of Com- 
mons, the evidence prodticed being almost always loost*, 
and generally contradictory. The committee of 1771, 
which was directed to inquire into the state of <mk titiihcr 
throughout the kingdom, either from a diHagreemeut ol‘ 
opinion, or delect of evidence, or a wush to av«)id giving 
alarm, prayed the House to discharge that part of its order 
which required them to report their opinion. The t'ommis- 
sioners oif Woods and Forests, however, in their report laid 
before Parliament in 1792, ap[)earecl to establish the fiict of 
an alarming scarcity of oak timber in general, hut more 
particularly of large naval timber, both iu the royal fbret*ts 
and on private estates. And if such was really the fact in 
1792, it will readily be conceived what the state of timber 
fit for naval pur|>oses mtist have been at the conclusion of 
the revolutionary w’ar, when tlie amount of private shipping 
had increased from 1,300,009 tons to 2.^00, Ct sO torn*, or 
nearly doubled ; that of the East India any. in the 
same period, from 79,900 tons to 1 lo,000 tons ; and that of 
the navy from 400,000 to 800,000 tons ; to my nothing of 
the vast consumption of oak timber in all kinds of mill- work 
and other machinery ; in the barrack and ordnance de|«irt- 
ments ; in mines, collieries, and agriculture ; in docks and 
dock-gates ; in piers, locks, and sluices ; in boats, bargoji, 
lighters, bridges, and a great many other purfioKCh to 
which this timber is applied. From these and many other 
causes, the diminution of oak timber was infinitely greater 
than the commissioners Imd calculated u{K>n, and yet they 
recommended that 100,000 acres belon^ng to the crown 
should be set apart and planted for the future supply of tlie 
navy. A bill to this effect, relating to the New Forest, 
passed the Commons, but was thrown out by the Lords. 

On the departments of the surveyor-general of the land It^rt of 
revenue and the surveyor-general of tlie woods and forests th# Cow- 
being united, tlie board of commissioners made their first n* 
report, which was printed, by order of tlie House of Com- 
mons, in June 1812. In this report, it is stated that, taking 
file tonnage of the navy in 1806 at 776,087 tons, it would 
require, at one load and a Imlf to a ton, 1,164,0^ loads to 
build such a navy ; and Kuppofing the aveiag* dumtloti of 
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Materiel, a ship to be fourteen years, the annual quantity of timber 
required would be 83,149 loads, exclusive of repairs, which 
they calculate would be about 27,000 loads, making in the 
whole about 1 10,000 loads ; of which, however, the com- 
missioners reckon, may be furnished 21,341 loads as the 
annual average of prizes ; and of the remaining 88,659 loads, 
they think it not unreasonable to calculate on 28,659 from 
other sources than British oak. This,” they observe, 
‘‘ leaves 60,000 loads of such oak as the quantity which 
would be suiEcient annually to support, at its present unex- 
ampled magnitude, the whole British navy, including ships 
of war of all sorts, but which may be taken as equivalent 
together to 20 74-gun ships, each of which, one with an- 
other, contains about 2000 tons, or would require, at the 
rate of a load and a half to the ton, 3000 loads, making 
just 60,000 loads for 20 such ships.” 

Quantity Now it has been supposed that not more than forty oak 
of timber trees can stand on an acre of ground, so as to grow to a 
required fy]| gj 2 ej fit for ships of the line, or to contain each a load 
navy^° and a half of timber; 50 acres, therefore, would be required 
to produce a sufficient* quantity of timber to build a 74-gun 
ship, and 1000 acres for 20 such ships ; and as the oak 
requires at least 100 years to arrive at maturity, 100,000 
acres would be required to keep up a successive supply for 
maintaining a navy of 700,000 or 800,000 tons. The com- 
missioners further observe, that as there are 20,000,000 of 
acres of waste lands in the kingdom, a two-hundredth part 
set aside for planting would at once furnish the whole 
quantity wanted for the use of the navy. 

This calculation, we suspect, is overrated by about one- 
half. In the first place, it supposes a state of perpetual 
war, during which the tonnage of the whole navy is con- 
sidered as more than double of what it is in time of peace ; 
and in the second place, it reckons the average duration 
of the navy at fourteen years only, which, from the im- 
provements that have taken place in the construction and 
preservation of ships of war, with the resources of teak ships, 
built in India, we should not hesitate in assuming at an 
average of twice that number of years ; and if so, the quan- 
tity of oak required for the navy will be nothing like that 
which the commissioners have stated. This, we think, will 
appear from a statement made (apparently on good autho- 
rity) in the midst of the war, when the ships of the line 
built in merchants’ yards were falling to decay after a 
service of five or six years. 

Assuming 400,000 tons as the amount of tonnage to 
be kept in commission, and the average duration of a ship 
of war at the moderate period of twelve and a half years, 
there would be required an annual supply of tonnage, to 
preserve the navy in an effective state, of 32,000 tons ; 
and as a load and a half of timber is employed for every 
ton, the annual demand will be 48,000 loads. The build- 
ing of a 74-gun ship consumes about 2000 oak trees, 
or 3000 loads of timber ; so that 48,000 loads will build 
eight sail of the line and sixteen frigates. Allowing one- 
fourth part more for casualties, the annual consumption 
will be about 60,000 loads, or 40,000 full-grown trees, of 
which thirty-five will stand upon an acre of ground. The 
quantity of timber, therefore, necessary for the construc- 
tion of a 74-gun ship will occupy fifty-seven acres of land, 
and the annual demand will be the produce of 1140 acres. 
Allowing only ninety years for the oak to arrive at perfec- 
tion, there ought to be now standing 102,600 acres of oak 
plantations, and an annual felling and planting, in perpetual 
rotation, of 1140 acres, to meet the consumption of the 
navy alone. Large as this may seem, it is little more than 
twenty-one acres for each county in England and Wales, 
which is not equal to the belt which surrounds the park and 
pleasure-grounds of many estates.” 

The above calculation proceeds upon the principle that 
every acre is covered with trees fit for naval purposes^ or 
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that it contains thirty-five trees, with a load and a half of Materiel, 
timber in each. It may be doubted, however, if on the 
average of plantations we shall find more than one-tenth 
of that number on an acre ; and as the same writer endea- 
vours to show that the quantity of oak timber consumed 
in the navy is only about one-tenth part of the whole con- 
sumption of the country, instead of 102,600 acres being 
sufficient for a perpetual supply, there would be required 
some ten or twelve millions of acres, in plantations similar 
to those at present existing, to supply the demand for oak 
timber. Whether such a quantity exists or not, the fact 
is certain, that, before the conclusion of the long war, a 
scarcity began to be felt, especially of the larger kind of * 
timber, fit for building ships of the line ; and so great was 
this scarcity, that if Sir Robert Seppings had not contrived 
the means of substituting straight timber for those of a 
certain form and dimension, before considered as indispensa- 
ble, the building of new ships must have entirely ceased. 

If, however, the growth of oak for ship-timber was greatly 
diminished during the war, so as to threaten an alarming 
scarcity, there is little doubt that, from the increased atten- 
tion paid by individuals to their young plantations, and the 
great extension of those plantations, as well as from the 
measure of allotting off portions of the royal forests to those 
who had claims on them, and inclosing the remainder for 
the use of the public, this country will, in future times, be 
fully adequate to the production of oak timber equal to the 
demand for the naval and mercantile marine. It will require, 
however, large and successive plantations, on account of 
the slow growth of the oak. But there is another tree, of 
late years very generally planted on rising grounds, which 
bids fair to become an object of great national importance, 
as furnishing the best, and perhaps the only substitute for 
oak timber. We mean the larch, which thrives well and Value of 
grows rapidly in bad soils and exposed situations, the timber 
of which has been found to be durable, and, from several 
experiments, not inferior in strength, toughness, and elas- 
ticity to oak. So rapid is its growth, that the Duke of 
Atholl received twelve guineas for a single larch fifty years 
old ; the timber was valued at two shillings a foot. A larch 
of seventy years’ growth produces timber fit for all naval 
purposes, and may be considered as equal in size to an oak of 
double that age. The dimensions of a larch tree cut down 
at Blair Atholl in 1817, and then seventy-nine years of age, 
were as follows, viz. : — Stem, 82 feet ; top, 20 feet ; total 
height, 102 feet ; girth at the ground, 12 feet ; at 19 
feet, 8 feet 3J inches; and at 57 feet, 4 feet 10 inches; 
solid contents, 252 ’8 cubic feet. Another larch, growing at 
Dunkeld, measured, in the year 1819, when it was eighty 
years old, and in full vigour, as follows, viz. : — Height of 
stem, 75 feet; top, 34 feet; total height, 90 feet; at I 
foot from the ground, 17 feet 8 inches in girth ; at 10 
feet, 10 feet 4 inches*; and at 70 feet, 3 feet 2 inches : its 
contents, 300 cubic feet, or six loads. For all kinds of 
mill-work, as wheels, axle-trees, &c., the utility of the 
large larch wood is unquestionable ; and the thinnings are 
excellent for paling, rails, and hurdles. The value of its 
application for naval purposes has been put to the test of 
experiment ; two frigates of 28 guns, one built entirely of 
larch from the Duke of Atholl’s plantations, the other of Riga 
fir (which was considered inferior only to oak), having been 
intended to go through the same service, precisely in the same 
parts of the world, in order to ascertain their comparative dura- 
bility. What was the result of the experiment we are not 
aware, beyond the fact, tliat the Atholl, which was one of 
the frigates, is still a good, sound ship, in commission at 
Greenock, though built, we believe, some forty years ago. 

In addition to our resources of naval timber at home, we Indian 
have wisely availed ourselves of those which India affords for 
building ships of war at Bombay, of teak, a wood far superior 
in nvery respect tb oak, and many times more durable, not 
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liable to corrode iron or other metallic festenings, not suscep- are established for the promotion of commissioned ofScers Petsonud. 
tible of the dry rot, nor subject to the attack of the worm. of the navy. Midshipmen are required to serve five years 

on board some of Her Majesty’s ships, three years and six Order of 
II.— PERSONNEL OP TUB NAVY. months of which they must have been rated as muls!ti^)men, promotion. 

- * to render them eligible to the rank and situation of lieu- 

The of the navy is composed of two difierent and they must be nineteen years of age* They 

bodies of men, the seamen and the marines, each or whom between the age of thirteen and fiflcen as 

have their appropriate officers. , . . ... naval cadets, in which rank they are required to serve 

The officers of the navy are divid^i into two distinct eighteen months, the first three of wliich in a training ship ; 
branches — the military and the civil. The military, or exe- years they arc rated mates, and so 

cutive branch, consists of fiag-omcers, commodores, captains, continue till promoted. There are several intermediate ex- 
commanders, lieutenants, mastps of the neet, niasters, unainations required to be passed !)y them, 
mates, second masters, midshipmen, masters assistants, lieutenant can be promoted to the rank of commander 

naval cadets, gunners, boatswains, carpenters. yyyy|.j) lieutenants during two years, 

Flag-officers are divided into three ranks, and each rank ^y^j served that period at sea ; and no crornmander to the 
into three squadrons, distinguished by the colours red, white, captain until he has been on the list, and has served 

and blue : as admiral of the red, white, or blue ; vice- ^y^^ Captains become adminil,H in succession 

admiral of tlie red, white, or blue ; rear-admiral of the red, to their seniority on the list, provuled tliey shall 

white, or blue : the admiral wearing lus colour at the mam, commanded four years in a rated ship during war, or 

the vice-admiral Jtt the fore, and the rear-admiral at the ya^rs during peac^e, or five years in war and peace 
misfsen mast head. 1 here is also an admiral of the fleet, who, combined. 

it in command, would carry the union the main. person can be apimintcd to serve as master of one 

fherc are, besides, flag-officers on re*scrvea half-pay, divided Majesty's ships who shall not have served as second 

into three ranks, to which they rise by seniority ; and super- j^^jg^gter ; and no person can be appointed a« second ma.ster 
annuated rear-admirals, enjoying the rank and pay of a r)assed such examination as may from time to 

rear-admiral, but incapable ot rising to a higher rank on the directed. 

list, which is considered a grievance. The rank of com- aptniinted gunner unless he shall have 

modore is temporary ; he is generally an old captain, and is ^ gunner's mate or atlier 

distinguished by wearing a brbad pennant. He ranks next officer, or seaman gunner, on Ixiard one or more of Her 
to the junior rear-admiral, and above all cafitams, except Majesty's ships; and he must produce certificate*# of hb good 
where the captain of the fleet shall be a captain who, m conduct, and undergo the necessary examination, 
that situation, takes rank next ^ the junior rear-admiral. No person can be appointed boatswain unlcHs he slmll 
Ihc commissioned officers of the navy take rank with j^^vc served seven yeans-^mecomf)leteycarwitiit!ie rating, 
those of the army as follows : jijy^j actually doing tlie duty of a petty officer in I ler Maji*sty V 

Admiral of tho fleet l^ioKl-lSl. >>‘‘7 ’ “"1 ''‘’S"'''* «”»'•«% '««« 

Admiral Oencrnl. undergo the nccesjary cxamuuttion. , , 

Vicso-admirftl UmimmUimtmil No person can be appointed carpenter nnhm he Hlmll 

Koar-admiral Major-(ioneraI. have served an apprcntiet'^'Iiip to a shipWTight, and been six 

Oornmodoro (Istancl 2d claHs)... Brigadior-Genaral. months a e.iipt'iitt rV matt* or caulker, or tw'elve months 

(itiptuin of thr«o y«ars CoUniftl. rating of carpcntir, on l)oard one or more of Her 

Oommandar Major. s sinph. i* ir 

Liftiitonant 1 < • person can be amiomted chaplain to one of Her Ma- 

Miifltor jesty’s ships until he Inis received priest’s ordcr»^ ; but he 

Mato. lAcutonaat. may be appeantt d to act whilst in deacon’s orders. 

Spcoud Mastor. \ Bnsiga. No person can he appointed j«iytmt^U*r unIe*iH he shall 

Mia«Ulp«ion. J rated, and have dincharged the duties of a cap- 

And all officers of the same rank command according to tain’s clerk for tiiree complete years; or two years m cap- 
the priority of their commissions, or, having commiasions of tain's clerk, and one year clerk to a secretary of a fliig-officer ; 
the same date, according to the order in which they staml and been employed in the offitie of the secretary to a flag- 
on the list of the officers of the navy; except in the case of officer for one other year; and sliall produce L^Mndmfiih 
lieutenants of flag-ships, who take precedence according as and find such security for the honest and raithihl tii^f hargi* 
the flag-officer shall think fit to appoint them. of his duty as slmll be requirctl 

The civil branch consists of the director-general of tlie No person can be appinted surgeon to one of Her Ma- 
medical department of the navy (who ranks with a brigadier- jesty’s ships until he has discharged the duties of assiHtiint- 
general), medical inspectors of hospitals and fleets, and de- surgeon for three years, one of which at »ea; and allperj^ons 
puty-mcdical inspectors (who rank with lieutenant-colonels applying Ibr tlie situation of assistant-surgeon must undergo 
and majors), chajilains, secretaries to commanders-in-chief an examination touching their qualifications before the 
and commodores of first class, surgeons, paymasters (for- medical director-genera! of die navy. 

merly pursers), assistant surgeons, assistant paymasters, naval The Royal Marines*, recently made light infaittr consiat Royal 

instructors, clerks, clerks' assistants, inspectors of machinery, of four great divisbns; the first stationed at tliatlmm, therxntt* 
chief engineers, and assistant engineers of Ist, 2d, and M second at Portsmouth, the third at Plymouth, and the 
class. fourth at Woolwich. They are composed of 104 ctimfiantes 

The warrant-officers of the navy may be compared witli besides fourteen companies of Royal Marine artillery, whose 
the non-commissioned officers of the army. They take rank head-quarters are at Portsmouth. The first division has 
as follows, Gunner, boatswain, carpenter. twenty-five companies, the second twenty-seven companies, 

The petty officers are very numerous; they consist of the third twenty-seven companies, and tlie fourth tweiuy- 
cliief p^y officer, and 1st and 2d clam working jietty five compatiies. The officer# of Royal Marines take rank 
officers. Tl^ir names or ratings will he seen in tlie table with the officers of the line in the army, 
of the establishment of the ratings and pay in the severdl The deputy adjutant-general, wlio is a major-genera!, 
classes of ships of war- and the assistant r.i!. wlm hs a Ueutenant- 

By the Queen's order in Council, the following regulations colonel in the corp?, arc 2 ?.deui in London t and to each 
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Personnel, of the divisions is attached a colonel-commandant and a co- 
lonel and second commandant, a proper number of lieutenant- 
colonels, captains, and subaltern officers. Whilst on shore 
the marines are subject to the same regulations as the army ; 
but when embarked they are liable to the naval articles of 
war, dhd to the Marine Mutiny Act. 

Each division has two or more adjutants ; two quarter- 
masters, who are all first lieutenants; a paymaster, who is a 
captain in the corps; and barrackmaster, also a captain; 
and to each division is a deputy-inspector of hospitals, 
or staff-surgeon and two "assistant-surgeons. There is also 
a retired list of officers, who, in consideration of wounds, 
infirmities, and long and meritorious services, are permitted 
to receive their full pay, and also a reserved half-pay list. 

The commissions of officers of every rank in the marine 
corps are signed by the sovereign ; but all commissions of 
officers of the navy are signed by two or more of the lords 
commissioners of the Admiralty. But the marines, whether 
ashore or afloat, are, as well as the officers of the navy, under 
the immediate direction and control of the lords commis- 
sioners of the Admiralty. All the appointments of com- 
missioned and warrant officers to ships are made exclusively 
by the lords of the Admiralty, or made subject to their con- 
firmation, unless in cases of the death or dismissal of officers 
by sentence of court-martial on foreign stations, when the 
admiral commanding has the power to fill up the vacancies. 
And the duties of each rank are pointed out in a code of 
instructions emanating from that board, and sanctioned by 
the sovereign’s order in Council. 

Military The civil powers and duties of the Lord High Admiral, 
duties of or lords commissioners of the Admiralty, are treated of under 
article Admiral. Their military powers are more ex- 
miral important. By their orders all ships are built, 

repaired, fitted for sea, or laid up in ordinary, broken up, or 
sold; put in commission or out of commission, armed, 
stored, and provisioned; and employed on the home or 
foreign stations, or on voyages of discovery. All appoint- 
ments or removals of commission and warrant officers are 
made by them, and all instructions issued for the guid- 
ance of their commanders; all promotion in the several 
ranks emanates from them ; all honours bestowed for bril- 
liant [services, and all pensipns, gratuities, and superan- 
nuations for wounds, infirmities, and long services, are 
granted on their recommendation. All returns from the 
fleet are sent to the Board of Admiralty, and everything 
that relates to the discipline and good order of every 
ship. All orders for the payment of naval monies are 
issued to the accountant-general of the navy by the lords 
commissioners of the Admiralty ; and the annual estimate 
of the expenses of the navy is prepared by them, and 
laid before Parliament for its sanction. All new inven- 
tions and experiments are tried by their orders before be- 
ing introduced into the service; all draughts of ships must 
be approved by them ; all repairs, alterations, and improve- 
ments in the dockyards, and all new buildings of every 
description, must be submitted for their decision before 
they are undertaken. 

Oomman- flag-officers, commanders-in-chief, are considered as 

der-in- responsible for the conduct of the fleet or squadron under 

chief. their command. They are bound to keep them in perfect 

condition for service ; to exercise them frequently in form- 
ing orders pf sailing and lines of battle, and in performing 
all such /evolutions as may occur in the presence of an ene- 
my ; to direct the commanders of squadrons and divisions 
to inspect the st^te of each ship under their command; to 
see that the establii^ed rules for gqod order, discipline, 
and cleanliness, are observed ; and occasionally to inquire 
into these and other m^ttprs themselves. They are re- 
quired to correspond with the secretary of the Admiralty, 
^nd report to him all their proceedings. 

If a commander-in-chief should killed in battle, his 
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flag is to be continued flying, and intelligence conveyed, Personnel, 
by signal or otherwise, to the next in command, who is 
immediately to repair on board, leaving his own flag (if a 
flag-officer) flying, and direct the operations of the fleet 
until the battle be ended, or the enemy out of sight. 

Every flag-officer serving in a fleet, but not commanding llag- 
it, is required to superintend all the ships of the squadron 
or division placed under his orders ; to see that their crews 
are properly disciplined ; that all orders are punctually at- 
tended to ; that the stores, provisions, and water, are kept 
as complete as circumstances will admit ; that the seamen 
and marines are frequently exercised ; and that every pre- 
caution is taken for preserving the health of their crews ; 
for all which he is responsible to the commander-in-chief. 

When at sea, he is to take care that every ship in his di- 
vision preserve her station, in whatever line or order of 
sailing the fleet may be formed ; and in battle he is to ob- 
serve attentively the conduct of every ship near him, 
whether of the squadron or division under his immediate 
command or not ; and at the end of the battle he is to re- 
port it to the commander-in-chief, in order that commen- 
dation or censure may be passed, as the case may appear 
to merit ; and he is empowered to send an officer to super- 
sede any captain who may misbehave in battle, or whose 
ship is evidently avoiding the engagement. If any flag- 
officer be killed in battle, his flag is to he kept flying, and 
signals to be repeated, in the same manner as if he were 
still alive, until the battle shall be ended ; but the death 
of a flag-officer, or his being rendered incapable of attend- 
ing to his duty, is to be conveyed as expeditiously as pos- 
sible to the commander-in-chief. 

The captain of the fleet is a temporary rank, where 
commander-in-chief has ten or more ships of the line un- 
der his command ; it may be compared with that of adju- 
tapt-general in the army. He may either be a flag-officer, 
or one of the senior captains ; in the former case, he takes 
his rank with the flag-officers of the fleet ; in the latter, he 
ranks ne:j^t to the junior rear-admiral, and is entitled to 
the pay and compensation of a rear-admiral. All orders 
of the commander-in-chief are issued through him, all 
yeturns of the fleet are made through him to the com- 
mander-in-chief, and he keeps a journal of the proceedings 
of the fleet, which he transmits every three months to the 
Admiralty. He is appointed and can be removed from his 
situation only by the lords commissioners of the Admiralty, 

A commodore is a temporary rank, and of two kinds ; 
the one having a captain under him in the same ship, and 
the other without a captain. The former has the rank, pay, 
and allowances of a rear-admiral, the latter such additional 
pay as the lords of the Admiralty may direct. They both 
can7 distinguishing pennants. 

When a captain is appointed to command a ship of war, 
he commissions the ship by hoisting his pennant ; and if 
fresh out of the dock, and from the hands of the dock- 
yard officers, he proceeds immediately to prepare her for 
sea, by demanding her stores, provisions, guns, and ammu- 
nition, from the respective departments, according to her 
establishment. He enters such men as may volunteer and 
be fit for the service (in time of peace), or who may be 
sent to him from some rendezvous for raising men ; and he 
gives them the several ratings of petty officers, leading sea- 
men, able seamen, ordinary, or landsmen, as their apparent 
qualifications may entitle them to. If he be appointed to suc- 
ceed the captain of a ship already in commission, he passes 
a receipt to the said captain for the ship’s books, papers, and 
stores, and becomes responsible and accountable for the 
whole of the remaining stores and provisions ; and, to en- 
able him to keep the ship^s accounts, he is allowed one or 
more clerks or clerks’' assistants. 

The duty of the captain of a ship, with regard to the se- 
veral books and accounts, pay-books, entry, musters^ dis?- 



104 N A 

Personnel, charges, &c., is regulated by various acts of Parliament; 

hut the state of the internal discipline, the order, regularity, 
cleanliness, and the health of the crews, wdll depend mainly 
on himself and his oflScers. In all these respects the general 
printed orders for his guidance, contained in the present 
edition of the Queen’s regulations and Admiralty instruc- 
tions, prepared by Sir George Cockbum (aided by Mr Bar- 
row), and issued to the fleet in 1 844, are particularly precise 
and minute. And, for the information of the ship’s com- 
pany, he is directed to cause the articles of war, and abstracts 
of all acts of Parliament for the encouragement of seamen, 
and all such orders and regulations lor discipline as may be 
established, to be hung up in some public part of the ship, 
to which the men may at all times have access. He is 
also to direct that they be read to the ship’s company, all 
the officers being present, once at least in every month. 
In every ship where there is a chaplain, he is desired to be 
jjarticularly careful that the attention and respect due to his 
sacred office be shown to him by all the officers and men, 
and that divine service be performed, and a sermon preached, 
every Sunday. He is not authorized to inflict any corporal 
punishment on any commissioned or warrant officer, but he 
may place them under arrest, and suspend any officer who 
shall misbehave, until an opportunity shall offer of trying 
such officer by a court-martial. He is enjoined to be very 
careful not to suffer the inferior officers or men to be 
treated with cruelty and oppression by their superiors. 
He alone is to order punishment to be inflicted, which 
he is never to do without sufficient cause, nor ever with 
greater severity than the offence may really deserve, 
nor until twenty-four hours af'ter the crime has been com- 
mitted, which must be specified in the warrant ordering 
the punishment ; and all the officers and the whole ship’s 
company are to be present at every punishment, which 
must be inserted in the log-book, and an abstract at the 
end of every quarter made out and sent to the Admiralty ; 
a regulation which has been attended with infinite benefit 
to the strict and just discipline of the naval service. The 
greatest number of lashes he can inflict is 48. The total 
abolition of flogging, so often advocated, can never, in die 
opinion of any officer, be advantageously carried into effect ; 
but it would seem desirable to reduce the number of lashes 
to 24, considering the extreme severity of the punisliment 
and pain inflicted, which often renders the man totally unfit 
for duty for -some days. The disgrace attending the punish- 
ment is more likely to deter others than the pain inflicted. 
In a few well-regulated ships corporal punishments are quite 
unknown during the whole period of their commission. It 
was never found necessary in any ship employed in the 
Arctic squadron, owing to the great regularity observed on 
board, to daily prayers being read, and to there being little 
or no drunkenness. With a view to checking the flogging 
in the navy, a return is annually called for by Parliament, 
and a column inserted showing the number of lashes sen- 
tenced, and the numbers inflicted, together with the highest 
number of lashes given in any one case, and the lowest, to- 
gether with a sum total. 

Heu- The lieutenants take the ivatch by turns, and are at 

tenant such times intrusted, in the absence of the captain, with 
the command of the ship. The one on duty is to inform 
the captain of all occurrences which take place during 
his watch ; as strange sails that may be in sight, signals 
from other ships in company, change of wind, Sc. He is 
to see that the ship be properly steered, the log hove, and 
die course and distance entered on the log-board ; and, in 
short, be is to see that the whole of the duties of the ship 
are carried on with the same punctuality as if the captain 
himself were pre^nt. In the absence of the captain, the 
senior lieutenant is r^ponsible for everything done on board. 

Master, The master receives his orders from the captain or any 
of the lieutenants. His more immediate duties are those 
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of stowing the ship’s hold, and of attending to her sailing Personnel 
qualities ; of receiving and placing the provisions in the 
ship, so as most conveniently to come at those which may 
be wanted. He is to take care that the cables are pro- 
perly coiled in the tiers. The keys of the spirit-room are 
in his custody, and he is directed to intrust them only to the 
master’s assistants. He has the charge of the store-rooms 
of the warrant-officers, which he is ordered frequently to 
visit; in shorty the whole of the ship’s provisions, water, 
fuel, and stores of every description, are under the super- 
intendence of the master; and he is also intrusted, under 
the command of the captain, with the charge of navigating 
the ship, bringing her to anchor, ascertaining tlie latitude 
and longitude of her place at sea, surveying harbours, and 
making such nautical remarks and observations as may be 
useful and interesting to navigation in general. He keeps the 
ship’s log-book and remark-book. For distinguished conduct 
masters are eligible for promotion to the rank of lieutenant ; 
but few would accept it, except with a certain prospect of 
rising to the higher grades, of which there are instances. 

The warrant-ojfficers are charged with tlie duty of re- 
ceiving on board from the dockyards, and examining, the 
various stores of their respective departments, and keeping 
an account of the expenditure ot tliem. 

The gunner has die charge of the ship’s artillery and of Oonner. 
the jiowder magazine. He is to see that the !ot*ks and car- 
riages are kept in good order, and tliat the powder is pre- 
served from damp ; he is frequently to examine the mus- 
ketry and small arms, and to see that iht‘y are kept clean 
and fit for service ; and, in preimring for battle, it is his 
duty to take care that all the quarters are supplied with 
everything necessary for the service of the guns, atid, 
during the action, that there be no want of ammunition 
served out. He is frequently to exercise the nu it at the 
guns, and to sec that they perform tliis |>art of their duty 
with correctness, explaining and enforcing the necessity 
of their pinting the guns before tliey fire them, sponging 
tliem well, and clobc-stupping the touch-hole immetlmtcly 
after firing. The armourer and his mates arc under the 
immediate orders of the gunner in everytlitng that relates 
to the great guns and small arms. 

The boatswain is charged witli the duty of receiving and 
examining all the stores belonging to bis department, con- 
sisting chiefly of the ropes and rigging, the latter of which 
lie is ordered to inspect tiaily, in onler that any nart of it 
chafed or likely to give way may he repaired without los^ 
of time. He is always required to be on deck at such times 
as all hands are emplovi'd ; he is bound to see th.nt the 
men, wlien called, move quickly upon deck, and when 
there, tliat they perform tlietr duty witli alacrity, and with- 
out misQ or confusion. The sailmaker and die mpmaker 
arc under hb immediate orders. 

The car|>enter, when ajipointed to a ship, is carefully to Carptatir, 
Inspect the state of the masts and the yards, whether in 
die dockyard or on board of tiie shin, to see that they are 
perfectly sound and in good orrler. He is to examine every 
part of die ship’s hull, magazine, store-rooms, and cabins. 

He is every day when at sea carefully to examine into the 
state of the masts and yards, and to report to the officer of 
the watch if any ajipear to be sprung, or in any way defect- 
ive. He is to see that the ports are secure and properly 
lined, and that the pumps are kept in good order, m also 
die boats, ladders, and grating The caulker is placed 
under his immediate orders, and he is to sec that the former 
performs lus dutv in a workmanlike manner, in stopping 
immediately any leaks that may be discovered* 

The engineer, when first apjiointed to a steam-vessel, Eaglima 
carefully examines the engines, |>addles (or screw)^ and the 
boilers, and reports to the commanding officer any defects 
he discovers. He takes charge of all urn mgimm* stores 
and tools, and keeps amiuiu of receipts and expenditure* 
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Paymaster. 


Personnel. He is never to quit the engine-room during his watch, and 
visits it frequently at all: times day and night. The leading 
stoker and stokers are under his immediate control. 

The paymaster (formerly purser) has the charge of all the 
ship’s provisions, and of the serving them outfor the use of the 
crew. His charge is, therefore, of a most important matter ; 
and, accordingly, he must not only produce good certificates 
of his conduct whilst serving in the capacity of clerk, but 
must also find two sureties for the due discharge of his trust, 
who are required to give bond in a penal sum, according 
to the rate or class of ship to which he may be appointed. 
The regulations and instructions for his guidance are mi- 
nutely detailed in the general printed instructions, with all 
the various forms established for the keeping of his ac- 
counts with the accountant-general and comptroller of vic- 
tualling, to whom he is immediately responsible. To assist 
him in the performance of his arduous duties, he is allowed 
to employ the clerk, with the sanction of the captain, who 
is responsible for the strict performance of the duties of all 
the ofificers under his orders, and acts, as it were, as a check 
on the paymaster in many parts pf his duty, regarding tlie 
slop-books, muster-books, &c. He has also a steward under 
his immediate orders. 

The duties of the medical inspectors of hospitais and 
fleets, the surgeon of a ship and his assistants, the secretary 
to the commander-in-chief, the chaplain, the naval instructor, 
and inspectors of machinery afloat, are too obvious to require 
any specification. 

The midshipmen are considered as the principal petty 
officers, but have no specific duties assigned to them. In 
the smaller vessels, some of the senior ones are intrusted 
with the watch ; they attend parties of men sent on shore ; 
pass the word of command on board, and see that the orders 
of their superiors are carried into effect ; in short, are 
exercised in all the duties of their profession, so as, after five 
years’ service (eighteen months as cadet, and three years 
and six months as midshipmen), to qualify them to become 
lieutenants ; and are then rated mates, provided they have 
passed the requisite examination, and are nineteen years of 
age. 

Every ship, according to her class, has a certain number 
of marines m part of her complement. They are commanded 
by a captain or brevet-major, in from first to fourth rates 
inclusive, with three or two subalterns under them, and 
an established number of non-commissioned officers ; but 
the party on board fifth rates and under is commanded 
by a subaltern, and in small vessels by a sergeant or cor- 
poral. 

All marine officers, of whatsoever rank, when embarked, 
are to obey the orders of the captain or the commanding 
officer of the watch. The marines are exercised by their 
officers in the use of their arms ; they are employed as sen- 
tinels, and in all other duties on board of which they are 
capable, with* the exception of going aloft. The officer 
commanding has the charge of the arms, accoutrements, 
and drums ; and he is to inspect, weekly at least, the state 
of the clothing of his party. The marines are in every 
respect treated as part of the ship’s company. 

The long continuance of the revolutionary war neces- 
created a prodigious increase of the commissioned 
cers. officers of the navy. Their numbers in the five following 
years of peace were, — 


Other 

officers. 


Midship- 
men and 
naval 
^'adets. 


Marines. 


Number of 
commis- 



1793. 

1803. 

1815. 

1821. 

.. . 

1830. 

Admirals 

11 

45 

70 

63 

43 

Vice-admirals 

19 

36 

73 

69 

69 

Rear-admirals 

19 

61 

77 

68 

63 

CaptainB 

444 

666 

824 

828 

766 

Commanders 

160 

410 

762 

776 

823 

Lieutenants 

1408 

2461 

8211 

3797 

2976 


In the year 1857 there were on the active list of the Personnel, 
navy 371 captains, 530 commanders, 1122 lieutenants; and 
on the retired and reserved list 129 captains, 243 com- 
manders with rank of captain (besides 113 command- 
ers on reserved half-pay), 254 lieutenants with rank of re- 
tired commanders (besides 618 on reserved half-pay). The 
total number ofcaptains was therefore 743; commanders, 897 ; 
lieutenants, 1740; being a diminution of considerably up- 
wards of 1000 officers of the foregoing ranks, as compared 
with the list in 1836. 

The warrant-officers have increased from the average of 
about 400 in 1793 and 700 in 1821, to upwards of 1000 
in 1857. They are divided into two classes, — viz., those 
who are fit for sea service, and those who are fit for harbour 
duty. 'The latter consist of about 150 gunners, boatswains, 
and carpenters. The total number of officers of the Royal 
Navy and Royal Marines in 1 857 was upwards of 7300, 
excluding mates and midshipmen, clerks, warrant-officers, 
and engineers. These may be computed at 3000; making 
a grand total of 10,300 officers of all ranks. 

The number of seamen and marines voted in 1 792 was 
16,000 (but never reduced to that number); in 1822 it 
was 21,000; in 1836, 32,000; 1840-1, 35,165; 1850-1, 

39,000; 1853-4, 45,500; and in 1854-5, 48,000. The 
greatest number of seamen and marines voted in any one 
year during the French war was 150,000, and during the 
war with Russia, 76,000. 

All officers of the navy wear a uniform, which is estab- 
lished in pursuance of the pleasure of the sovereign. It 
consists of blue cloth, with white collars and cuffs to the coats, 
and various embroidery and epaulets. The epaulets of the 
officers of the civil branch of the service are embroidered in 
gold and silver. The full dress, with cocked hats, is worn, 
on state occasions and at courts-martial, by all naval 
officers. The first naval uniform (blue and white) was 
established in 1 748. The identical patterns then issued may 
now be seen in the United Service Institution. They were 
obtained a few years since from Plymouth, where they had 
been carefully preserved. In the reign of William IV. the 
facings were for a short time changed to red. The last 
alteration of the uniform was in 1856. The petty officers, 
seamen, and boys also wear certain regulated articles of 
dress $ the former with marks of distinction on the left 
sleeve of their jackets. The seamen, too, wear good-con- 
duct badges. 

The crew of a ship of war consists of leading seamen, SMp’s 
able seamen, ordinary seamen, landsmen, leading stokers, company, 
stokers, coal-trimmers, boys, and marines. The lands- 
men, boys, and marines, are always entered voluntarily, the 
latter in the same manner as soldiers, by enlisting into the 
corps, the two former at some rendezvous or on board particu- 
lar ships. A supply of boys for the navy is also regularly sent 
from the Asylum at Greenwich and the Marine Society. 

Able and ordinary seamen also very commonly volunteer to 
serve during the war, and always in time of peace ; but the 
high wages given by the merchant ships to seamen in time of 
war hold out such encouragement as to induce them to give 
the preference to that service, though in all other respects 
their treatment is far superior on board a Queen’s ship, having 
better provisions, being subject to much less fatigue and 
exposure to the weather, well taken care of in sickness, and 
being entitled to pensions after twenty-one years’ service, or 
when disabled. Indeed, the excellent regulations nowrigidly 
adhered to on board H.M.’s ships, and the attention that is 
paid to the health and comfort of the crew, have overcome 
much of that reluctance which formerly was felt to the ser- 
vice of a ship of war. 

The state of health on board of a Queen’s ship is, generally Health of 
speaking, not exceeded in the most favoured spot on shore ; the crew, 
and that horrible disease, the sea-scurvy, may now be con- 
sidered as unknown in the British navy, since the universal 
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Personnel, introduction of lemon juice, or the citric acid, without an 
ample supply of which no ship is permitted to sail on a 
foreign voyage. It appears to have been known as a remedy 
for tlie scurvy, far superior to all others, two hundred years 
ago, but seems to have been utterly neglected, till Dr 
Lind, more than a hundred years afterwards, revived and 
stated clearly its singular powers. In 1600 Commodore 
Lancaster sailed from England with three other ships on 
the 2(1 of April, and arrived in Saldanha Bay on the 1st of 
August. The commodore’s crew, having each had three 
table-spoonfuls of lemon juice every morning, arrived there 
in perfect health ; wliereas the other ships were so sickly, 
that they were unmanageable for want of hands. We have 
all felt the commiseration and horror which the perusal 
of the narrative of Anson’s voyage produces. His ship, 
the Centurion, left England with 400 men, of whom 200 
were surviving on his arrival at Juan Fernandez, and of 
these eight only were capable of duty, from scurvy. Yet 
even this horrible catastrophe seems to have failed in rous- 
ing the nation to have recourse to a remedy so certain and 
efficacious. Cook was well supplied with vinegar and other 
acids, and found the good effects of them ; but the first 
general supply of lemon Juice to the navy was established 
only in the year 1795, in consequence of a trial which had 
been made of it tlie preceding year in the Suffolk, of 74 
guns. This ship left England, and arrived at Madras in 
September, without touching at any land. With every 
man’s grog there were daily mixed two-tlnrds of a liquid 
ounce of lemon juice and two ounces of sugar. She lost 
not a man ; and though the disease made its appearance in 
a few, an increased dose of lemon juice immediately removed 
it. Thus the Suffolk, after a voyage of 162 days, arrived 
without losing a man, or having a man sick of the scurvy ; 
wliereas the Centurion, in 143 days from the last place of 
her refreslmicnt, lost half of her crew, whilst tlie other 
half were so feeble and emaciated as to be utterly help- 
less. Many instances not less remarkable miglit be men- 
tioned. 

The abundant supply of lime juice to tlie squadrons em- 
ployed on Arctic service was the means of averting this 
dreadful malady, very few cases having ocxairred, excejit in 
tlie Investigator (Sir iiobert M‘CIure}, afha' being four years 
in tile ice. I'he issue of preserved meats and vegetables to 
all shifis in the Royal Navy has also doubtless tended tti 
the health of the crews. 

Frogres- h’rom the official returns col]c‘Cte(I by Sir Gilbert Blane, 
fivtdlmb Dupin, a French author well versed in naval subjects, 

flickMSi- drawn out the following table, which exhibits at one 

view the jirogressive diminution of sickness, death, and 
<lesertion in the British navy, calculated on IC^JXKI 
men : — 



Sick to 

Hoipkai. 

DiMfcJji. 


1770 

40,815 

2054 

1424 

1782 

31,017 

2222 

003 

1704 

25.027 

1104 

602 

1804 

11,078 

3606 

214 

iBin 

0,330 

698 

10 


Hence it would ajipear, tliat the diminution of sickness 
and ot‘ deaths has b(*en in the proportion of 4 to 1 
nearly between t!iey<»ars 179i)and 1813. The diminution 
of desertions from tlie hospital in the same period is not 
the less remarkable ; and it affords, at the same time, ihe 
strongest proof of tfie progressive amelioration of the con- 
dition of seamen on boani British ships of war. Indeed, 
whetlier on board of sliip, or in any of those noble inslitii- 
tions^tha naval hospitals, which are estaldished at all the 
principal ports home, and in tlie cidonies abroad, the 
attention which is |mid to tlie sick sailor m above all 
praise. 
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The following returns, of more recent date, show the Personneh 
advance of medical science in this department : — 


Years. 

Siek Sent to 

Dead in 
Hosi^itals, 

Bnn from 
ii os pi tit in. 

1820 

3,504 

302 

2 

1830 

3,137 

187 

2 

18t0 

6,580 1 

225 i 

1 

1850 

0,743 ! 

300 i 

... 

1855 

11,748 1 

384 1 

2 


No wonder tliat 214 men should hav<* run away from the 
doctors in 1804, wdien upwards of IbOl) diod in hospital out 
of 11,978. In 1855, out of the same number, there were 
only 384 deaths and 2 deserters. Can anything dam more 
strongly the wonderful progress made in tlie metlical de- 
partment of the Iloyal Navy of late? years ? 

The speedy manning of the fleet, on the first breaking Maaaing 
out of a war, is one of the most im|Kirtant objects that 
can devolve on the naval administration, as on it alone must 
depend tlie safety of our commerce and our cohmies. Tins 
has been felt at all times; and acccmltngfy a variety of 
schemes have been Iirought forward for this |iiirpfist% but all 
of them have heretofore tailed of success, except tht* corn|nil- 
sory dode of raising men, under the iiiilliorily of press- 
w^arrants, issued by tlie lords commissioners of llie Admiralty, 
by virtue of the Queen’s order in (’ouncti, renewed from yt»ar 
to year. On the occasion of the late war with iliis^^ia, how- 
ever, the fleet wm manned, for the first time, without re- 
course to impressment, I'here likewise? issues, on the brnik- 
ing out of awar, a proclamation from tlie sovereign, recalling 
all British seamen out of the service of ibreigii prtnci*s or 
states ; and commamlers of all ships of war are dirirctird to 
search foreign vessels for such sc?amen. 

The impressment of seafaring men, hinvever anomalciiii fmprits- 
under a free constitution like that of Great llrilain, k de- 
fensible on state necessity, until it can be shown fiiat the 
fleet, on an emergency, is capable of being iiiiiiinetl with- 
out resorting to that measun^ In coiweiftteiire ot* iome 
doulits being raised on the legality of the subject in the 
year 16T6, when the affairs of the Admirally wmre iiiiiiiiged 
irnrnediatidy under tin* tlirecti<m of tlie King the great 
officers of stale, a diHC*us>ion was held on this point, when 
it was ihaaded by the judges anti crown-lawyers, tliat fhe 
King had an indefeasible righllo llic services of bis sub- 
jects when the slate rec|uiied llieiii, and tliiit tlie jiowrr of 
impressing seamen was iiidis|ieiisiibly inliifreiif in tlnf crowai, 
tutbout wliicb the Iriide and safely of the imtum could not 
be secured. The first bisiaiice of iiiiprwing men in In*- 
land to have iMfCii in ilie year 1678, wlien the hird- 

licutenant received directioiw from the Privy C’omicil to 
raiie lOCK) leamen for the iecl. Iii ICifXI the lonls-jiw* 
tices of Ireland were clirecird assist tlie olfici rs of ilie 
navy in impressing men in that kingdom. In BibT a ri*- 
gisier was taken of al! the seafaring men m Ireland, which 
amoimted to 4424 nieu, of wdioiu it is noted Iflidl were 
Catboiics. On several occasions, during C^uren AniieV 
reign, the lords-juslices of Ireland received directtoiw to 
raise men to M?rve in ilie fleet. 

In Scotland the inode of raising men by iriiprrs*%iiieiit 
wm tmknowm liefore t!ie Union ; but in vmom imtmavn 
the Council of Hctuhind was directed m raise Viilimteers Ibr 
the fleet, eacli man to have 4CK. its lKiiinty\ 

In ITCXS m experiment wits tried iiir the speeiiy man- 
ning of the fleet, by virtue of an act tif Parliaiurii!, mbirlt 
re<.|uircd the civil magistrates of all tlie cmindct. m make 
diligent s^rch for ill seafaring uieig am! *JiK were 
allowed to the miitables fur earii iiciti taken iifi; llit* 
seamen to liave py froiu the day of ih-lnery m tlie iiavul 
officers stetioneci m receive llit-ni; and If'ilicy tli^crfctl 
after that, they were to be coiHiilerctl m giiiliy iif ftlony. 

By the act, insolvent fit fur tlie .service, anti 
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Personnel, willing to enter it, were released, provided the debt did not ex- 
ceed L.30 ; and no seaman in the fleet was to be arrested for 
any debt not exceeding L. 20 . The whole proceeding under 
this act incurred a very heavy expense, and totally failed. 

In the same year, the Queen referred to the Prince of 
Denmark, then lord high admiral, an address from the 
House of Lords, relating to the three following points : — 
The most effectual means for manning the fleet ; 2(i, 
The encouragement and increase of the number of seamen ; 
3<i, The restoring and preserving the discipline of the navy. 
His Royal Highness submitted these points to such of the 
flag-officers and other commanders as could be assembled, 
who made a report, of which the substance was to the fol- 
lowing effect: — 1 ^^, To cause a general register to be kept 
of all seafaring men in England and Ireland, for which 
they presented the draft of a bill ; 2cZ, That all marines 
qualified to act as seamen should be discharged from the 
army, the officers to have levy money and the men’s cloth- 
ing returned; Zd, That not fewer than 20,000 seamen should 
be kept in employ in time of peace. But they observe, 
that as to restoring and preserving the discipline of the 
navy, no particular defect being specified, they could pro- 
nounce no opinion on that head. 

Discipline. The discipline of the navy, or the government of Her 
Majesty’s ships, vessels, and forces by sea, is regulated by 
the act 22 d Geo. II., usually known by the name of the 
Articles of War. By this act, the lords commissioners of 
the Admiralty are empowered to order courts-martial for all 
offences mentioned therein, and committed by any person 
in and belonging to the fleet and in full pay ; and also to 
delegate the same power to admirals commanding in chief 
on foreign stations, which power also may devolve on his 
successor in case of death or recall, provided that no com- 
mander-in-chief of any fleet or squadron, or detachment 
thereof, consisting of more than five ships, shall preside at 
any court-martial in foreign parts, the officer n^xt in com- 
mand being ordered to preside thereat. 

Courts- By this act no court-martial can consist of more than 

martial, thirteen or of less than five persons, to be composed of such 
flag-officers, captains, or commanders, tlien and there pre- 
sent, as are next in seniority to the officer who presides at 
the court-martial. And when there are but three officers 
of the rank of captains, the president is to call in as many 
commanders under that rank as will make up five in all. 

Articles of This code of laws for the government of the fleet con- 

War. gigts of thirty-six articles, of which nine award the punish- 
ment of death, and eleven death or such other punishment 
as the court-martial shall deem the offence to deserve. 
Those which incur the former penalty are, — the holding 
illegal correspondence with an enemy; cowardice or neglect 
of duty in ftme of action ; not pursuing the enemy ; deser- 
tion to the enemy ; making mutinous assemblies ; striking a 
superior officer ; burning magazines, vessels, &c., not belong- 
ing to an enemy; murder j sodomy. The penalty of death 
for cowardice, or other neglect of duty, in time of action 
(art. 12), and of not pursuing the enemy (art. 13), was, by 
the 19th George III., so far mitigated as to authorize the 
court-martial “ to pronounce sentence of death, or to in- 
flict such other punishment as the nature and degree of 
the offence shall be fbund to deserve.” Under these articles 
thus mitigated, Admiral Byng would probably not have 
been condemned to death. The other eleven articles, which 
leave the punishment to the discretion of the court, are, — ^not 
preparing for fight, or not encouraging the men in time of 
action ; suppression of any letter or message sent from an 
enemy ; spies delivering letters, &c., from an enemy ; re- 
lieving an enemy ; disobedience of orders m time of action ; 
discouraging the men on various pretences 5 not taking care 
of and defending ships under convoy ; quarrelling with and 
disobeying a superior officer in the execution of his office ; 
wilfully neglecting the steering of ships ; sleeping on watch, 


and forsaking his station ; robbery. The remaining sixteen 
articles incur the penalty of dismission from the service or 
from the ship, degradation of rank, or such other punish- 
ment as the court may judge the nature and degree of the 
offence to deserve. 


Personnel. 



The discipline of the navy is also maintained, and greatly Queen’s 
depends upon the strict carrying out, on the part of the 
commanding officers, and the observance by all others, of 
the regulations and instructions issued from time to time ^ 

by the lords of the Admiralty, under sanction of the Queen tions, 
in Council, for the government of Her Majesty’s forces at sea. 

The first regular code of printed instructions would ap- 
pear to be that known as the Duke of York’s Sailing and 
Fighting Instructions^ bearing date about 1660, which 
formed the basis of all the subsequent ones. There have been 
various editions from time to time ; but by far the most 
comprehensive, while at the same time clear and as concise 
as the nature of the work would admit, is that now in use, 
which was prepared, as we have said, in 1 844, with great skill 
and labour, by Admiral Sir George Cockburn, than whom 
there never was an officer before nor^ since so intimately 
acquainted with all the duties and professional details of 
the service, or more anxious for its welfare. In the com- 
pilation of this important and laborious work, known as the 
Que^n^s Reguloitiom and Admiralty Instrmtions, he was 
assisted by Mr Barrow. Fourteen years have now elapsed, 
and it is quite time, — but unhappily Sir George Cockburn 
is no more, — that there should be a new edition brought 
out, embodying all tfie new orders and regulations, and con- 
sequent alterations and additions. There are upwards of 
300 printed circulars alone, we believe, which have been 
subsequently issued, independently of written orders. 

Much, however, of the internal discipline of a ship of Petty pun- 
war depends upon the captain, who, being empowered to ishment. 
punish the men for minor offences, according to the usage 
of the service, courts-martial on seamen are rarely found 
necessary to be resorted to in well-regulated ships. In 1853 
a more uniform system, defining the nature and duration of 
minor punishments, was promulgated by the Board of Admi- 
ralty. The principal circumstance wliich formerly militated 
against the perfect good order of the crew, was the great 
allowance of grog served out daily to the men, as established 
by order in Council, and which frequently led to drunkenness, 
and this again to insubordination. Perhaps half the punish- 
ments in the navy were, and still are, for this offence, which 
it requires the utmost vigilance and precautions on the part 
of the officers to prevent ; but since the recent report of 
the committee of flag officers, which assembled in 1 850, 
upon the question of the issue of spirits to the Royal Navy, 
and the diminution of the supply to one-half the quantity,-:^ 
viz., from one gill to half a gill daily, with compensation- 
payment in money for the remainder, — the non-issue of raw 
spirits (the allowance of which is now mixed with three 
times its quantity of water), the stoppage of it altogether to 
boys of second class, and the issue of it at the discretion of 
tile captain to boys of first class, — consequent upon the 
report of the committee, — there has been less drunkenness 
in the navy and less necessity for punishment Great credit 
is mainly due to Admiral Sir James Deans Dundas, for his 
anxiety and humane exertions in endeavouring to suppress 
the punishment in the fleet, in which he has thus so happily 
succeeded. 


The greatest desire has been evinced by many boards of 
Admiralty, of late years (more particularly those of Sir J,ames 
Graham, the Earls of Minto, Haddington, and Auckland, and 
of Sir Francis Baring), to improve all branches of the ser- 
vice, and to render the Royal Navy as attractive as possible 
both to officers and men. One of the most materkd improve- 
ments is the attention which has been paid tothe education 
both of boys and men. Seamen’s libraries have been estab- 
lished on a large scale, and boys’ schools ; and rated ships 
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Personnel, have all got chaplains, naval instructors, and seamen s school- 
master appointed to them. Why sloops and small vessels 
should be without one or the other it is not easy to compre- 
hend. One thing, however, yet remains to be carried out, 
viz., daily prayers on board every ship in the service. They 
are read in a few well-regulated men-of-war on some sta- 
tions, and were never omitted in any one of the ships en- 
gaged in the Arctic squadron. It is not too much to say, 
that owing principally to this, and to there being little or 
no opportunity for drunkenness, no corporal punishment 
was ever inflicted. The practice of daily prayers on board 
men-of-war is of ancient date, and the omission compara- 
tively modern. In all the earlier editions of the regula- 
tions, till that of 1810, an order for daily service will be 
found. 

Effects of In other respects the discipline of a well-organized ship 

discipline, of war is perfect ; and to this discipline M. Dupin, a French 
writer of great sagacity, mainly ascribes the brilliant suc- 
cesses of the British navy, and to the want of it the ruin 
of that of France. “We have already cited,’' says he, 
“ as a model, the management of the materiel of the Eng- 
lish ships. In the preservation of this maUriel^ in the 
stowing it away, in the arrangement of whatever may be 
necessary either for manoeuvres or for action, the most 
perfect regularity is observed. At the same time, what be- 
coming austerity is maintained by the commanding officer; 
what obedience amongst the subalterns ; and, in a space so 
limited, considering the number of men on board, and the 
multiplicity of movements they have to make in obeying so 
many different orders, what imposing silence I It is the calm- 
ness of strength, the presiding influence of wisdom. In the 
midst of the most complicated operations, and even in the 
heat and transport of battle, one hears only the words of 
command, pronounced and repeated from rank to rank, with 
a measured tone and perfect sang froid. No unseasonable 
advices, no murmurs, no tumult. The commanders medi- 
tate in silence ; the word is given, and the men act without 
either speaking or thinking.” This is remarkably so in 
the day of battle. Every officer and man knows pre- 
cisely his place, and the duty he has to perform, on that 
day. By the general printed instructions, the captains 
of Her Majesty’s ships are required to accustom the men 
to assemble at their proper quarters, to exercise them 
at the great guns, to teach them to point, fire, &c., under 
all circumstances of sea and weather. Indeed, it is 
well known that the preservation of the high character of 
the British navy essentially depends on the proper training 
of the seamen to the expert management of the guns, so as 
to be duly prepared in the day of battle, the issue of which 
so mainly depends on the cool, steady, and regular manner 
in which the ship’s ordnance is loaded, pointed, and fired. 
Practice in these respects is much more necessary on board 
ships than on shore, as it can never happen that the ship is 
entirely steady, and has most frequently a rolling or pitch- 
ing motion, for which allowances must be made, and which 
can only be made with effect by long practice. 

Since 1830, when tlie Excellent was first established, 
much attention has been paid to the practice of gun- 
nery in the Royal Navy; and nil mates have to pass 
an examination on board that ship, which is stationed at 
Portsmouth for the practice of gunnery, where dBScers and 
men are instructed. They, too, pass examinations, and are 
appointed gunnei 7 lieutenants and mates in the several sea- 
going ships; and the men are appointed seamen-gun- 
ners, — a rating of comparatively recent date. The training 
of seamen for landing in brigades with field-pieces has lately 
been adopted with great success. 

Naval tac- . If the management of the great guns of a ship of war is 

tics, more diflScult than the artillery of a fort, so likewise are 
naval tactics more difficult than those of an army; inasmuch 
as tliere is more difiiculty and less dependence in placing 
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and directing the movements of an inanimate than an ani- Personnel, 
mate machine ; although the recent introduction of auxiliary 
steam-engines , in all the line-of-battle ships and frigates, 
and in many of the corvettes and sloops, has placed them 
under greater control. The general principles, however, 
are the same ; the object of both being that of bringing 
the greatest possible force to bear on that point which is 
likely to produce the gi*eatest possible injury to the enemy. 

With this view, as well as to keep a fleet together in com- 
pact order, so that straggling ships may not be cut off by 
the enemy, it has been found necessary to preserve a cer- 
tain order of sailing, whether out of siglit of an enemy or 
in his presence ; and such an order as, according to the 
state of the wind and weather, and the point of bearing of 
the enemy’s fleet, may most conveniently and expeditiously 
be changed into such a line of battle as tljc commander-in- 
chief may deem it most expedient to adopt in the attack to be 
made on his opponent- In order to do this, it is obvious tlnit 
every individual captain must be able to know, under all cir- 
cumstances, what the ship he commands tvill be able to do, in 
order to preserve her station in the fleet ; for it is with shij)s 
as with horses, no two perhaps performing tlie same evolu- 
tion with the same tightness of rein* or the same pressure of 
sail or steam. This shows the absolute necessity of a com- 
mander-in-chief frequently exercising his fleet in naval 
tactics, and to observe how such and such a ship will be- 
have under a certain quantity of canvas and sti-am -power, 
and to assign her station in the line where she may af>- 
pear calculated to act with the greatest eflSciency. To 
facilitate these movements, the admirals commanding 
squadrons are considered as rcsfionsible for the movement 
of the ships in their respective divisions. They are 
to see that each captain strictly obeys tlie general order ; 
and if any one is perceived to neglect his duty, whether 
belonging to his proper division or not, if in action, he has 
the power to send immediately another officer to suspend 
him. And in order that no confusion may arise, if, in time 
of battle, the admiral commanding in chief, or any of the 
admirals commanding squadrons, should be killed, his or 
their flags remain flying till the battle is decided. If the 
commandcr-in-chief be killed or severely wounded, a pri- 
vate signal is made to the second in command ; or if a 
junior admiral be killed or wounded, the commander-in- 
chief is also acquainted by signal. 

Since the introduction of steam, the system of naval tac- tie* 
tics has undergone a great change, and some wi-ll-plaimt-tl, tics, 
well-tried scheme of naval steam tactics is yet a tu-iv!« r.i- 
tum. Admiral Moorsora was tlie first to turn attention to 
this subject Happily no two steam fleets have hitherto been 
engaged in action, or brought into hostile collision ; neither 
has there been any separate action with single steam-shijis. 

The silent method of communicating what is going on 0^*1 
is the perfection of naval tactics ; indeed it is very difficult naval lig- 
to conceive how our ancestors contrived to manage a fleet »•!*- 
without a code of signals. For great and imjKirtant occa- 
sions, the exhibition of a flag or flags, in some |>articular 
part of the ship, might be generally understood to imply 
that the fleet should anchor, or tacl^ or form the order of 
sailing in two lines, or the line of battle, or some other great 
movement. The hoisting of a cask at the yard-arm might 
be understood to imply a want of water ; or a hatchet, of 
wood; or an empty bag, of bread ; and the table-cloth was 
a very significant invitation to dinner; but they had no 
means of interchanging freely their wants or intentions, or 
of conveying detailed intelligence. Even so kte as the 
American war there was no established code of signals in the 
navy. “If an admiral,” saysDrBeatson in hh ithk ^ft moirs, 

“^nnot command all the necessary moviinents, of hh 
ships by signal in the day of battle, he is not upon a foot- 
ing wiA an enemy who possesses that advantage; and, 
even with better ships and better men, and more expe- 
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Personnel, rienced commanders, he may be foiled in his expectations 
of victory, if not defeated, from his want of means to direct 
and to perform the necessary evolutions of his fleet.” In 
no fight,” he adds, “ was the insufficiency of the present 
system of naval signals more conspicuous than in this 
(KeppeFs unfortunate action) ; and it is to be hoped that 
if ever a new code be adopted for the use of the Royal Navy, 
it may be so clear and comprehensive, that such fatal errors 
as those which have been pointed out will in future be pre- 
vented.” This, we may now say, has been accomplished 
on a plan of Sir Home Popham, which (together with 
Marryatt’s) has rendered signds by flags as nearly perfect 
Boatsig- as they probably ever wiil be. Boat signals are also of 
nals. the utmost importance ; and the navy is indebted to Cap^ 
tain Wilmot for an admirable code which has recently been 
introduced by him, and is now in general use. 

Improve- The encouragement afforded by government to every 
irient in branch of science connected with the navy, and navigation 
navigation, in general, has been carried much farther by England than 
by any other European nation, and has produced the hap- 
piest results for commercial enterprise, by determining 
with accuracy the precise position of ships, by shortening 
long voyages, and by the discovery of new lands and un- 
explored regions. The namecf Admiral Sir Francis Beau- 
fort, who was for many years hydrographer of the Admi- 
ralty, and has recently departed this life, will .ever hold a 
prominent position in the nayal annals of England as one 
who, in his generation, rendered the utmost service, not 
only to his profession, but to the navy and maryie of all 
nations, by the extreme care and accuracy with which the 
numerous charts published under his immediate superin- 
tendence have been issued to the world, embracing elaborate 
surveys in all parts of the globe. From the commencement 
of the eighteenth century, when a national reward was first 
offered to the man of science, or the artist, who should dis- 
cover a method sufficiently exact to determine the longitude 
of a ship’s place at sea, to the present time, the improvements 
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in the construction and division of all kinds of instruments Personnel, 
for measuring angles, in the calculations of lunar and other 
tables, and, above all, in the manufacture and adjustments 
of chronometers, have continued in gradual progression, 
and may now be considered as having arrived at such a 
degree of perfection, more especially the chronometers, that 
the discovery of the longitude can scarcely be said to re- 
main a desideratum. We may form an idea what the pro- 
gress in the improvement of chronometers has been, when 
a reward was offered by Parliament in the year 1814, to the 
first who should determine the longitude at sea within a de- 
gree ; and in 1820, three chronometers, after remaining in 
the arctic regions for 18 months, returned to England with- 
out altering their rates more than a few seconds of time. 

The officers of the Royal Navy are now much more gene- 
rally versed in the sciences than they were in former years. 

In fact, it is now necessary for a young man to be well 
acquainted with a certain portion of mathematical and 
astronomical knowledge to enable him to pass an exami- 
nation, without which he cannot he qualified for the com- 
mission of a lieutenant. Lord Auckland, desirous of en- 
couraging a taste for scientific pursuits, caused a valuable 
scientific manual to be drawn up in the year 1847, and 
issued to the fleet. The examinations also of the several 
warrant-officers, and their qualifications for their respec- 
tive stations, are more strictly attended to than formerly. 

The encouragement given to tlie navy from its first re- Pay 
gular establishment has marked it as a favourite service ®™la“ 
in the minds of the public. The sea-pay, the half-pay, and 
other emoluments, have generally been superior to those 
enjoyed by the army, but subject to great fluctuations in 
every reign, and to frequent changes in the same reign. 

The following table wjill exhibit, at one view, the com- 
plete war establishment of officers and non-commissioned 
officeiirs, seamen, and marines, on board every class of Her 
Majesty’s ships, with the rate of pay now granted to each, 
as established by order in Council 
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Tjcab. 

1 

Month 
or 81 Days. 

1 Day. 

L. 

e. 

d. 

L. 

s. 

d.. 

L. 

8. 

d. 

219k0 

0 

0 

186 

0 

0 

6 

0 

0 

1825 
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0 

166 
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0 

6 

0 

0 

1460 
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0 

124 

0 

0 

4 

0 

0 

1095 

0 

0 

93 

0 

0 

3 

0 

0 

1095 

0 

0 

93 

0 

0 

3 

0 

0 

365 

0 

0 

31 

0 

0 

1 

0 

0 

182 

1-0 

0 

15 

10 

0 

0 

10 

0 , 

600 

7 

1 

38 

7 

8 

1 

7 

6 

401 

10 

0 

30 

16 

0 

1 

2 

0 

301 

2 

6 

25 

11 

6 

0 

16 

6 

150 

11 

3 

12 

15 

9 

0 

8 

3 

66 

18 

4 

6 

13 

8 

0 

3 

8 

64 

U 

0 

4 

13 

0 

0 

3 

0 

36 

10 

0 

3 

2 

0 

0 

2 

0 

24 

6 

8 

2 

1 

4 

0 

1 ; 

10 

1096 

0 

0 

93 

0 

0 

3 

0 

0 

701 

2 

1 

69 

10 

11 

1 

18 

6 

674 

17 

6 

48 

16 

6 

1 

11 

6 

450 

3 

4 

38 

4 

8 

1 

4 

8 

301 

2 

6 

i 

26 

11 

6 

0 

16 
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Admiral of the Fleet 

Admiral 

Vice-Admiral 

Rear-Admiral 1 

Commodore of the First Class J 

Table Money to all the abouef in addition^ iihen Commanding in Chief, and whilst their Mag ) 

is flying within the limits of their Station J 

Captain of the Fleet. (For pay, see Captains.) 

Commodore of the Second Class, ^ If Comniandlng in Clfie^ 

in additiomto his Pay as Cap- 1 
tain, if so ordered by the Ad- f 

miralty If not .Comi^iaiiding in Qhief 

Flag-Lieutenant. (For pay, see Lieutenants.) 

Master of the Fleet. (For pay, see Mastiers.) 

( To the Admiral of the Heet 

To a Flag Officer, Commander-in-Chief 

To all other Flag Officers and Commodores of the 1st Class 
To a Commodore of the 2d Class 


Secretary 


Clerk to the Secretary 

Coxswain To a Flag Officer 

Steward ) 

Cook \ Ditto , 

Domestic J 

Secretary’s Servant 


( To a Commander-in-Chief., 

To a Junior Flag Officer or (Commodore of the let Class... 


Captain of th^ Fleet . 


COMMISSION OFFICERS. 


Captain . 


Oc^mmander . 


f Ist Class, To the first 70, when employed 

I 2d Class. To the next 100, when employed 

3d Class. To all other Captains, when employed, below \ 
[ the first 170 / 
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COMMISSION OFFICERS— Continued. 


Lieutenant..... 


In Command of any Ship or Tender other than those on the ^ 

Packet or Surveying Establishment 

/Senior of a sea-going rated Ship 

Of 7 years’ Ditto of a Flag Ship at the Home Ports., 
standing in Ditto of a rated Surveying Vessel, if he re- 

( that rank, ‘ 

being, 


Year. 


L- 9. d. 


iMontji 

OF 


Day. 


I*. A. d . 






veyor 

\^Ditto of a Troop Ship 

All others..... 

^ Of the Fleet 

1st and 2d (if 20 Years’ Service, &c.) 

. „ (if 16 Years’ Service, &c.) 

( let, 2d, and 3d Rates... 


I Sloops, &c 

f (If 10 Years’ Service, &c.) ... 

In all other Ships \ (If 6 Years’ Service, &c.) 

\ (Less than 6 Years’ Service) 

r Above 10 Years’ Service Afloat 

Chaplain ^ Under 10 „ „ „ 

^ ?» »» 

I Above 10 Y’ears’ Service as Naval Instructor........ 

7 

* n ?> ft 

f* 37 

Under 3 ,, „ ,, 

Tuition allowance for each young Gentleman Instructed. . . 
Medical Inspector of Hospitals ( Above 6 Years’ Service as such 

and Fleets [ Under 6 Years’ Service as such 

Deputy Medical Inspector of Hospitals and Fleets..,,..,,, 

With such further allowance when employed in Hospitals on Shore, as their ijordships 
may think proper. * 


•{' 

Ditto, in addition if acting as/ 
Naval Instructor. . 


Surgeon., 


j If employed on the 
Ist July 1840, or 
on the completion i 
of 3 Years’ Ser-' 
vice from 1st 
January 1838. 


[ Of an Hospital Ship 

Above 20 Years’ Pull Pay ^rvice, in 
eluding Service as Assistant Sur- 
geon 

Above 10 Years’ ditto 

ts 6 >» 

Under 6 „ 


X I ... ...W.w ...v A Ui* * '•J 

the Ist July 1840, including 3 Years’ service only as 

until the comple- j Assistant Surgeon 

tion of 3 Years’! Above 10 Years’ ditto 

Service from Ist „ G ,, 

January 1838. \Undcr 6 „ 

f Ist Class, 30 in number 

Paymaster..^ < Class, 60 „ 

1 3d Class, 80 „ 

, Uth Class, 130 „ 

Assistant Paymaster in Charge * * * ’ ‘ * 

Assistant Paymaster, 1st Class 

2d Class 

Clerk * 


I Assistant Clerk 
I Mate 


An Ships in which! ,, 

BO Surgeon is J® ^ Service.. 

Assiatant Snrgeon J Under 10 „ „ 

j In Ships in which a f » » 

^ Surgeon is borne. 3 » » •• 

' In all Rates if qualified ft>r Master.,.?. ** 

Second Master 

If not qualified for Master, and under 4 Years’ Service!.*.* 
Store allowance when in Charge 


O’- — •• bUU Bel 

af the store allovanoe shall bo irrautfld aut.'h 


what portion < 


s store allowance shall bo granted to such oifioer. 

SUBORDINATE AND WARRANT OFFICERS. 


the latter a» regulated ftir the 
A a teufior, the 
caae, whether any <>t* 


I Above 10 Y'ears’ Service on Pull Pay as such.. 

” 3 ” 

I Under 3 !! » . 


Naval Instructor 

Midshipman ^ young Gentleman Inatrucfced..., 
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j 

0 

17 1 

0 

1 0 

1 

11 



18£ 

10 

0 

j 15 10 

0 

0 

10 

0 


3iJ5 

0 

0 

1 31 0 

0 

1 

0 

0 


328 

10 

0 

; 27 18 

0 

0 

18 

0 


273 

15 

0 

I 23 5 

0 

0 

15 

0 


73 

0 

0 

6 4 

0 

0 

4 

0 


48 

13 
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6 
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0 
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17 

6 

48 16 

6 

‘ it 

U 

6 
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0 

0 
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0 
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51 0 

5 ' 

i 

12 

U I 

471 

10 
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«» 
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0 
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I^ersonnel. 


Personnel. 


NAVY. 

Full Pay of the Royal Navy — Continued* 


SUBORDINATE AND WARRANT OFFICERS. 


Master’s Assistant. 
Naval Cadet 


,.In all Pates., 


Gunner ^ 
Boatswain > 
Carpenter J 


Inspectors of Machinery and 
Chief Engineers. 


Assistant Engineers (on New 
Establishment) 


' (1st Class 

Sea Pay K 2d Class 

1 3d Class 

Tool Money to Carpenter on Sea Pay 

Ewbour Service ^ 

Inspectors of Machinery, when appointed to take charge I 

of the Machinery of a Fleet or Squadi'on J 

Inspectors of Machinery 

Chief Engineers above 20 Years’ Service as Chief Engineers, \ 

if qualified for 1st or 2d rates j 

Chief Engineers, 16 Years’ Service as Chief Engineers, if j 

qualified for 1st or 2d rates j 

Chief Engineers, 10 Years’ Service as Chief Engineers 

Chief Engineers, 6 Years’ Service „ 

Chief Engineers, less than 6 Years’ Service, „ 

Engineers qualified for Charge^ with an increase of Is. 1 
a day after 6 years’ Sea Service as Engineers in Charge J 

Sea Pay and when "j ( Ist Class 

employed in Dock- I Assistant Engineer < 2d Class 

yards J ( 3d Class 

Hartour Service I 


.rtour Service | Assistant Engineer f 2d Claee 
•• l3d Class 


Yb.r Month "ni. 

Ii. s. (I> X> s* d. L. s, d. 

47 2 11 401 027 

16 14 7 1 8 6 0 0 11 

120 2 11 10 4 1 0 6 7 

103 8 4 8 15 8 0 5 8 

86 13 9 773049 

4 11 3 079003 

101 17 11 8 13 1 0 6 7 

79 18 6 14 4044 

63 17 6 6 8 6 0 3 6 

365 0 0 31 0 0 1 0 0 

328 10 0 27 18 0 0 18 0 

328 10 0 27 18 0 0 18 0 

282 17 6 24 0 6 0 16 6 

237 6 0 20 3 0 0 13 0 

209 17 6 17 16 6 0 11 6 

182 10 0 15 10 0 0 10 0 


237 6 0 
209 17 6 
182 10 0 

182 10 0 

158 3 4 
126 4 7 
106 9 2 
88 4 2 
69 19 2 
56 5 5 


13 8 8 0 8 8 
10 14 6 0 6 11 
9 0 10 0 6 10 
7 9 10 0 4 10 
6 18 10 0 3 10 
4 16 7 0 3 1 


Personnel. 


Table of Pay of Petty Officers, Seamen, and Boys, in the Royal Navy. 


Hate of Fay for Mon 
entering under the Old 
System, in all Rates. 



14 331 


Chief Petty Officers, 


New Rate of Pay for Rate of Pay for Men 
ContlmiowH-SorvIco ontorlag under tho Old 
Mon, in all Ratos. System, In all Itateu. 

81 Days. I Year. 31 Days. I Year. 


New Rate of Pay for 
Continuous-Service 
Mon, in all Rat s. 

SI Days, j Year. 


' Master at Arms 

Chief Gunner’s Mate 

Chief Boatswain’s Mate 

Chief Captain of the Pore- 

castle 

Admiral’s Coxswain 

Chief Quarter Master 

*Chief Carpenter’s Mate...... 

Seamen’s Schoolmaster 

Ship’s Steward : — 


8 . d. 8. d. 8 . d. 

1st Ratos 2 03 65 G 

2d Rates 2 03 05 0 

3d Rates 2 02 64 C 

4th Rates 2 02 04 0 

5th Rates 2 01 63 C 

6th Rates 20 1 13 1 

Sloops, &c.,) 

•with a com- f _ _ ^ _ 

plement of lOO > 2 00 82 8 

nion and up- 1 
•tvards. I 

Smaller vessels 2 00 42 4 


l8t Class Warhing Petty Officers. 

i Ship’s Corporal \ 

Gunner’s Mate 

Boatswain’s Mato 

Captain’s Coxswain 

Captain of the Forecastle .... 

Quarter-Master Ng 

Coxswain of the Launch 

Captain of the Main-Top 

Captain of the Fore-Top 

Captain of the Afterguard... 

^ Captain of the Hold / 


Class WorJemg Petty Officers'--^ 

Oondnued, 

I Sailmaker 

Ropemaker J 

3 9 94i i s 

Blacksmith 

Leading Stoker 

2d Class W(Brhmg Petty Officers, 

/ Coxswain of the Barge \ I 

Coxswain of the Pinnace j 

Captain of the Mast ' 

Second Captain of tho Fore- j 

Second Captain of tho Main- 

2 9 128 17 IK top >2 16 1033 9 2 

Second Captain of the Foro- 

100 7 6 top 

91 6 0 Yeoman of the Signals 

82 2 6 Second Captain of the After- 

73 0 0 guard 

63 17 6 ' Captain of tho Mizen-top i 

KG R c; Q 11 Q 90 a S!ailTMfl'h>av.>a O 1Q K OA td rr 


48 13 4 


2 11 8 

30 8 4 

2 9 1 

28 17 11 

2 11 8 

30 8 4| 

2 9 1 

28 17 11 { 

2 6 6 27 7 6 

2 9 1 

28 17 11 

/ 

2 3 11 

25 17 1 

2 14 3 

1 

31 18 9 

2 1 424 6 8 


fCooper , 


^Caulker’s Mate . 


Leading Seaman 2 14 331 18 9 

^Shipwright 2 16 1033 9 2 

Yeoman of the Store-Room...) 

Second Captain of the Holi. 

Painter 

Sailmaker’s Crew [ 9 , i o « . 

Blacksmith’s Mate f ^ 8d0 8 4 

Armourer’s Crew 

^Carpenter’s Crew 

tOooper’s Crew 

Stoker and Coal Trimmer 3 2 0 36 10 0 

Able Seaman 2 9 1 28 17 11 


Personnel. 


NAVY. 

Table of Pay of Petty Officers, Seamen, and Boys, in the Royal Navy— Continued. 


Rate of Pay for Men 
entering: under the Old 
System, in all Rates* 


1 ), 9. d. L. 9. d, 

2 6 627 7 6 


2 1 4 24 6 8 


RATINGS. 

New Rate of Pay for 
GontinuouB.Scrvice 
Men, In all Rates. 

Rate of Pay for Mon 
entering under the Old 
System, in all Rates. 

RATlNGSr. 

New Rate of Pay for 
Contlnumis.Scrviro 
Men, in all Rates. 


31 Rays, j Year. 

31 Days. | Yew, 


31 Days, | Year. 


L. fe d. L. S. d. 


Sick Berth Attendant ' 

Bandman 

Tailor 

Butcher 

Second Head Krooman * 

Flag Officer’s and Superin- 
tendent’s Domestics 

Captain’s Steward 

Captain’s Cook 

Ward, OP Gun-Room Steward 
Ward, or Gun-Room Cook ... 
Secretary’s Servant j 


L. *. d. L. a. d. 


I ( Subordinate Officer's Steward ) 

2 1 424 6 8/ Subordinate Officer’s Cook... > i ... 

I Ship Steward’s Assistant J i 

I ( Ordinary Seaman 1 18 9,22 16 3 

1 13 719 16 6< Cook’s Mate *.l ... ... 

1 I Barber ? ... | 

i Second-Ciai^s Ordinary Seaman 1 11 018 5 0 

Commander’s Servant 

Kroomon 

0 1ft 1 TA 10 It f Ship’s Steward’s Boy 

u la i lu iz u J ^ ^ jg J 

0 15 6 9 2 6 Boy of the Second Class 0 15 6j 9 2 6 


Medical Inspector of Hospitals — 

On first appointment X 13 

After 5 years’ service 2 2 

Deputy Med. Inspect, of Hospitals, on appointment.. . 1 7 


Surgeons of Hospitals — 

On appointment with less tbani 20 years’ ser- 
vice 0 16 6 

Above 20 years’ service 10 6 


Scale of Retirement for Inspectors, Deputy-Inspectors, &c., on the principle of allowini? all Service to count In 
claims for Retirement, as recommended by the Naval and Military Commission. 


ACTIVE SERVICE. 

RETlBfiUEMT. 

For Diem. | PorAnnuran. 

Inspectors, from date of promotion to the 

L. 8. d. 


rank (unless entitled to a higher 



rate by previous service) 

0 Z7 6 

319 7 6 

„ after 20 years’ service, including 3 



years as Inspector of Hospitals. . . 

X 1 6 

392 7 6 

„ after 25 years’ service 

X 4 3 

442 11 3 

„ after 30 „ 

X 7 0 

492 16 0 

„ after 36 „ 

X 9 8 

54X 8 4 

„ after 40 „ 

X 12 6 

593 2 6 


ACTIVE SERVICE. 


I Wtbrt&zuzn't, 

!Vr Hittn. 1 Per A»»um. 


to the rank (unions entitled to a ! \ 

higher rate by previous service j 0 16 0 j 273 16 0 
„ after 20 years’ service, inclutling 3 i j 

years as Deputy- Inspector | 0 17 6 | 319 7 6 

after 23 vftara’ i A lO O Ann U O 


after 30 
aftt*r 35 
after 40 


Pay of Moyal MarmeSn 


RANKS, d:c. 


First Oolonel-OommandaBt 

Second do. 

Lieutenant-Colonel 

Captain, having higher rank by Brevet., 
Captain 


First Lieutenant / Above 7 years’ service 

«- .. V, J.’ '.V I UnderT yean’ service 


Adjutant (in addition to his pay as First Lieutenant}, 
Quartermaster do. do. 

Second Lieutenant 

Cadet 

Serjeant-Major 

Colour-Serjeaut 

Quartermaster’s Serj cant [ 

Seijeant ’ 


Corporal f Ist Class 

*Fifer or Drummer ^ Class 

Private f ist ciass 

I 3d Class 

'f 1 badge . 
2 badges 

Good Conduct or Badge Pay. i ^ badges 

••• ^ badges 

5 badges 

Gratuities to Serjeants and Corporals. (See PeUy OJteers.) ^ ^ 


1 

't AH 

i. 


!1 





. 1 1> 

A1 t. 

' U. 

« 


1.. 

.T. 

eL 

702 

i‘2 

6 

69 

13 

6 

365 

0 

0 

31 

0 

0 

310 

5 

0 

28 

7 

0 

247 

17 

11 

21 

X 

1 

211 

7 

11 

17 

19 

1 i 

130 

17 

6 

11 

12 

6 i 

118 

12 

0 

10 

1 

6 

118 

12 

6 

10 

X 

6 i 

85 

3 

4 

7 

4 

8 i 

95 

16 

3 

8 

2 

9 i 

66 

18 

4 

5 

13 

8 

54 

15 

0 

4 

13 

0 

42 

11 

8 

3 

12 

4 

45 

12 

6 

3 

17 

6 

33 

9 

2 

2 

16 

10 

27 

7 

6 

2 

6 

6 

24 

6 

8 

2 

X 

4 

20 

18 

2f 

1 

15 

H ! 

21 

5 

10 

1 

10 

2* ’ 

X8 

5 

0 

1 

XI 

0 

X 

10 

5 

0 

2 

7 

3 

0 

10 

0 

6 

2 

4 

11 

3 

0 

7 

9 

6 

1 

8 

0 

10 

4 

7 

12 

1 

0 

12 

11 

9 

2 

6 

i 

1 

16 

6 


12 0^ 401 10 0 
1 4 3 1 442 a 3 
1 6 6 i 4H3 12 6 


L. i. 

I 18 6 
too 
0 17 0 
0 13 7 
0 U 7 
0 7 6 
0 6 6 
0 6 6 
0 4 8 
0 6 3 
0 3 8 
0 3 0 
0 2 4 
0 2 6 
0 X XO I 
0 16 
0 I 4 
0 I X} I 
0 12 
0X0 
0 0 X 
0 0 2 
0 0 3 
0 0 4 
0 0 6 
0 0 6 


Persoimel, 



Seamen Gunners to receive Id. a day in the 2d Class, and 2d. a day in the Xst Class, in addition to all other pay ef their ratings. 

Divers to receive Id. a day in addition to all other pay of their ratings. 

Men with these ratings (*), who have a complete set of tools, to receive 3d. a day for tool money, in addition to all other pay of their ratings. 
Men with these ratings (f), who have a complete set of tools, to receive 2d. a day for tool money, in addition to all other pay of their ratings. 
Seamen’s Schoolmaster, Ship’s Steward, Ship’s Cook, Sick Berth Attendant, Servants, Musicians, Bandmen, Butchers, Barbons, Tailors, Ship 
Steward’s Assistant, Cook’s Mate, ICroomen, and Sh^ Steward’s Boy, are not to be entered for continuous service, 

JRate of Full Pay^ Half Pay ^ and Retirement cf Medical Officers serving in HospUahy flrc* 


FULL PAY. 
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Personnel. 


NAVY. 

Pay of Royal Marine Artillery • 


RANKS, Sic, 


Second Colonel-Commandant 

Lieutenant-Colonel 

Captain, having higher rank by Brevet.. 
Captain . 


Captain superintending the Laboratory 

First Lieutenant f Atove 7 years; service 

I Under 7 years’ service 

Second Lieutenant 

Serjeant-Major 

Serjeant attending the Laboratory 

Colour-Serj eant 

Serjeant 


Corporal 

Fifer or Drummer. 
Bombardier 


1st Class.. 
3d Class.. 


Gunner 


{ 1st Class 

3d Class 

{ 1st Class 

3d Class 

Corporals, Pifers, or Drummers, Bombardiers and Gunners, who obtain Good 
Conduct Badges, are allowed additional pay according to the regulated scale. 




d. 

3 

7 

5 

5 

5 

2 

2 


L. j. 

479 1 
326 19 
257 0 
220 10 
220 10 
142 19 
124 14 
101 17 11 
74 18 Oi 
63 17 
53 12 
44 9 
42 11 
39 10 10 
26 4 8i 
39 10 10 
36 10 0 
26 4 8i 
23 3 lOJ 


6 

2i 

8i 

S 


Month 
or 31 Days. 


L. s, 

40 13 
27 15 
21 16 
18 14 
18 14 
12 2 10 
10 11 10 
8 13 1 
6 7 
5 8 
4 11 
3 15 
3 12 
7 
4 
7 
2 
4 
19 


Day. 


L. a. d. 
16 3 
0 17 11 
0 14 1 
0 12 1 
0 12 1 
0 7 10 
6 10 
6 7 
4 11 
3 6 
2 Hi 
2 5| 
2 4 
2 
1 


2 


0 

Si 


Personnel. 


Though the navy, as we have seen, was put upon a re- 
Establish- establishment under the reign of Henry VIII., nei- 
hiUf-pay officers nor seamen received any pay or emolument 

^ in time of peace until the reign of Charles IL, when in 
1668 certain allowances were made to flag-officers and 
their captains out of the L.200,000 a year voted for the 
whole naval service ; and in 1674 certain other allowances 
were granted, by order in Council, to captains who had 
commanded ships of the first and second rates, and to the 
second captains to flag-officers, on the ground, as assigned 
in the preamble, that they had undergone the brunt of 
the war, without sharing in the incident advantages of it, 
as prizes, convoys, and such like, which the commanders 
of the smaller classes of ships had enjoyed. But the first 
regular establishment of half-pay for all flag-officers, cap- 
tains, first-lieutenants, and masters, was by King William, 


in the year 1693, provided they had served a year in their 
respective qualities, or had been in a general engagement 
with the enemy. A regularly-established half-pay was fur- 
ther sanctioned by an order in Council of Queen Anne in 
1700, the conditions of which were, that no officer should 
enjoy the benefit thereof who had absented himself without 
permission of the Lord High Admiral or lords commissioners 
of the Admiralty, or who had been dismissed for any mis- 
demeanour, or by court-martial, or who had not behaved 
himself to the satisfaction of the Lord High Admiral, or who 
should have leisure to go out of his Majesty's dominions, if 
employed in the merchant service or otherwise, or who en- 
joyed the benefit of any public employment. Since the 
above period the rate of half-pay to the several officers of 
the navy has undergone various modifications. At present 
it stands thus : — 


Rates of Half-Pay at present established for the Navy and Marines, 


FLAO OFFICERS. 


Per Annum. 

Admirals of tbe Fleet L.1149 16 0 

Admirals 766 10 0 

Vice-Admirals 593 2 6 

Rear ditto 456 5 0 

Flag Officers on reserved half-pay 456 5 0 

Retired Rear-Admirals (under order in 
Council of 1846) 456 5 0 

CAPTAINS. 

To each of tbe first 70 as they stand on the 

active list of officers in seniority L.264 12 6 

To each of the next 100 228 2 6 

To the rest 191 12 6 

Retired (under order in Council of 1846)..,, 365 0 0 

Do. do. 328 10 0 

♦Retired Captain of 1840, and Aug. 1861... 191 12 6 

Reserved half-pay (order in Council, 25th 
June 1851) 19112 6 

COMMANDERS. 

To each of the first 150 in seniority on the 

active and reserved lists combined L.182 10 0 

To the remainder 155 2 6 

Reserved half-pay (order in Council, 25th 

June 1851) 165 2 6 

♦Retired Commander of 1816 155 2 6 

♦ Do. do. 1830 127 16 0 

♦ Do. do. 1846 (JVowi the 

Maste/r^s Inst) 228 2 6 

♦ Do. do. do. (do.) 191 12 6 

LIEUTENANTS. 

To each of the first 300 on the list in senior- 
ity on the active and reserved lists com- 
bined * LJ27 16 0 

To each of the next 700 do.,do» 109 10 0 

To the reinaluderiiauuuuitiiiii4ti44nfiit<ia»i 9i 6 9 

rOD4 XY3;i 


Per Diem. 
L.S 3 0 
2 2 0 
1 12 6 
15 0 
15 0 


All lieutenants promoted to that rank after Ist J'uly 1840 to receive 
4s. a day, or L,73 per annum, to be increased to 6s. a day after three 
years* service as lieutenants in sea-going ships, and to advance by senior- 
ity to the rates of 6s. and 7s. a day ; but may be placed on the 5s. list if, 
through illness contracted in the service, they shall have been unable 
to serve three years at sea in that rank. 


15 0 


L.0 14 6 
0 12 6 
0 10 6 
1 0 0 
0 18 0 
0 10 6 


ROYAL MARINES. 


Per Annum. Per Diem. 


0 10 6 


L.0 10 
0 8 


8 6 
8 6 
7 0 


0 12 6 
0 10 6 


L*a 7 .0 
0 6 0 

0 6 b 


The rest 

Second Lieutenants. . 


. Above 20 years* service in the rank of Mas- 
ter, if qualified for 1st and 2d rates 

Above 15 years* service in the rank of Mas- 
ter, if qualified for 1st and 2d rates 

Above 10 years* service in the rank of Master 

Above 5 do. do 

Under 5 do. do 


UX JEO. A A 1 AXJUVJXX Al 

Abive 20 years* service as Inimeotors and 
Chief Engineers, or as Chief Engineers, if 

qualified for 1st or 2d rates 

Above 15 years* service as Inspectors and 
Chief En^neers, or Chief Engineers, if 

qualified for 1st or 2d rates 1 

Above 10 years* service as Inspectors and 
Chief Engineers, or as Chief Engineers.... 
Above 5 years* service aS Inspectors and 
Ohitf Engineers, or as Chief Engineers..... 
tJiidef 5 yefith* serti^e as Inspectors and 
Chief or M CMef En8itteer84j«^ 


L.264 12 

6 

L.0 14 

200 15 

0 

0 11 

127 15 

0 

0 7 

82 2 

6 

0 4 

73 0 

0 

0 4 

54 15 

0 

0 3 

L.237 5 

0 

L.0 13 

’ 182 10 

0 

0 10 

146 0 

0 

0 8 

109 10 

0 

0 6 

91 5 

0 

0 6 

ND CHIEF ENGINEERS. 

L.237 ' 6 

0 

L.0 13 

182 10 

0 

0 10 

146 0 

0 

0 8 

109 10 

0 

0 6 

91 6 

0 

0 § 
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MEDICAIi ornCEItS. 

Per Annumii Per Diem. 
Medical Inspectors of Hospitals and Pleets L.319 7 6 L.O 17 6 

After 5 years* service as such ooo « n i i a 

PAy«W«m-After:Oye^>s»mce ^3 J 0 I 0 

19112 S 0 10 6 

Deputy Medical Inspectors of Hospitals and 
Fleets Brom date of promotion, unless en- - - ^ Aten 

titled to a higher rate by- previous service 273 15 0 ^ ^ ^ 0 

After 7 years* Service as such '^1^ 7 b ■ u i/ o 

SURGEONS. 

Surgeons ^ ® ^0 r 0 

” is ” * 146 0 0^ 0 8 0 

” 20 ' ” 182 10 0 , 0 10 0 

[[ 25 ' (with leave to retire)... 237 5 0 0 13 0 

;; 30 " do 273 15 , ,0, 0 15 0 

ASSISTANT-SURGEONS. 

Assistant-Surgeons l L-36 10 0 H.O 2 0 

Above 3 years’ service 64 15 0 0 3 0 

;; 20 „ 91 5 0 0 6 0 

Dispensers 91 5 0 0 5 0 

All medical ofidcers below the rank of deputy medical inspector who 
may hereafter be appointed to hospitals, and who may be superseded or 
retire therefrom, shall, according to their respective ranks, receive the 
rate of half-pay to which they may be entitled according to length of 
service, all time included. 

' PAYMASTERS. 

On the retired list Ij.155 2 6 I<,0 8 6 

To each .of the first 100 127 15 0 0 7 0 

To caefi of the next 200 109 10 0 0 6 0 

To the Remainder.. 91 6 0 0 5 0 

Such Paymasters as shall servo three years under the new system Will 
receive half-pay at the following rates 
If with 12 years* service as a Paymaster, 3 of 

which in a 1st or 2d rate Ii.l91 12 6 li*0 10 6 

If with 9 years* service as Paymaster, 3 of 

which -in a 3d or 4th rate 164 5 0 0 9 0 

If with 6 years’ seryice as Paymaster, 3 of 

which in a 5th or 6th rate 136 17 6 0 7 6 

If with 3 years* service as Paymaster 109 10 0 0 6 0 

To the remainder.., 91 5 0 0 5 0 

RATES OF PENSION TO BE GRANTED TO INSPECTORS OF MACHINERY 
** , AFLOAT, AND TO ENGINEERS OF THE ROYAL NAVY. 

^tinder JJer Majesti/s Order in Council ofiZth June 1853.) 

To an inspector of machinery afloat, provided ho shall have served 
upwards of five years in that rank, a pension of from L.160 to I1.I8O per 
annum. 

If an inspector of machinery afloat be found unfit prior to completing 
five years’ service in that rank, the time so served shall bo added to hia 
service as chief engineer, and ho shall be pensioned on the scale for chief 
engineers. 

To a chief engineer, having served twelve years as a chief engineer, 
and being in the first class, a pension of L.llO to Ij. 130 per annum ; 
having served six years as a chief engineer, and being in the first or 
second class, a pension of from L.85 toL.105 per annum; having served 
fi.ve years as an engineer in the Royal Navy, three of which as a chief 
engineer^ a pension of from L.75 to L.90 per annum. 

If a chief en^neer he found unfit prior to completing three years in 
that rank, the time so served shall bo added to his servioe as assistant- 
engineer, and be shall be pensioned on the scalo for an assistant-engineer. 

To a» assistant-engineer, having served as such twenty years in the 
Royal Navy, and being in the first class, a pension of from L.65 to I/.75 
per annum ; having served as such ten years in the Royal Navy, and being 
in the first or second class, a pension of from L.50 to L.GO per annum ; 
having served as such three years in the Royal Navy, a pension of from 
DAO to L..00 per annum. 

^ The time served by assistant-engineers as engineers on the old estab- 
lishment' shall he reckoned as if the same had been served as assistant- 
engineers. 

CHAPLAINS, 

After 8 years* service at sea, D.91 6 0 L.O 5 0 

^A^er 10 „ „ under New E^kdions 91 6.0 0 6 0 

For each year’s longer service than 8 at sea, 

6dk per diem additional till it reach 182 10 0 0 10 0 

• chaplains and naval instructors. 

After J.5 years* service, one half of the highest rate of half-pay of 
naval instructors, in addition to the half-pay to which they may be en- 
titled as'^chaplains, - 

_ ' ' 'I*/',!; ' 

After their first entry .1 D.36 10 0 L.0 2 0 

Alters years’ servioe on full pay 54 15 0 0 S *0 

. r 82 2 6 ,'046 

Jg 0 -i . r n. 91 6 0 • 9 s -0 

» 20 „ „ I2r 15 0 0 7 0 

' ' • QiMortfrlyi) 


SECRETARIES. i 

Per Annum. Per Diem. 

After 12 years’ actual service as Secretaries L.219 0 jO D.0 12 0 

MATES. 

2s. 6d. a day, or L.45, 12s. fid. per annum, after three years’ actual 
sea service as mates, and when unable to obtain employment in Her 
Majesty’s service, provided their conduct during service shall have been 
satisfactory, and provided they do not decline or avoid service when 
called upon. 

The lords commissioners of the Admiralty are empowered to allow 
any mate to retire from the service, with a pension of 2s. 6d. a day, after 
twenty years* actual servioe, during ten years of which he must have 
held the rating of mate. 

SECOND MASTERS, 

2g. 6d. a day, or D.46, 32s. 6d, per annum, after three years* sea ser- 
vice as second masters, provided they cannot obtain employment in the 
navy, and do not dccUne or avoid servioe when it is offered to them. 

The period of three years’ service may be di.*<pen80<l with in the case 
of of&oers who shall have been invalided for t-icknoss or injuries caused 
by the service, and which shall render them permanently distiualified for 
further employment. 

In no case will half-pay bo allowed to second masters unless the con- 
duct of the officer whilst serving shall have boon in all respects satisfac- 
tory. . 

ASSISTANT PAYMASTERS— OS Mates. 


' The boatswains, gunners, and car{)enti‘r« of the navy 
have pensions or superannuations, in lieu of haU-fiay, ac- 
cording to the following scale, formed on a consideratum 
of the total length of service as warrant officers, with the 


Total 

Servioe. 

30yrs 

30 

Cominis. 

Service. 

... 20yr8.... 
... 15 

Pension* 

hM 

76 

Total 

Kervitre. 

20 yra... 
15 .... 

Commis 

.... 5yr« 
.... 15 . 

30 

...10 

65 

16 .... 

.... 10 . 

30 

... 6 

66 

15 .... 

.... 5 . 

20 

„.50 

....... 75 

10 .... 

....10 . 

20 

..,JL5 

65 

10 .... 

5 . 

20 

...10 

66 



IVnulon. 

60 

50 

40 

45 

35 


By proclamation, bearing date 9th March 1 8.^4, tluf fbl- Prise 
lowing . regulations were adopted for the distribution of money, 
prize money, viz. : — 

The flag-officer or officers shall have one-twentieth part <*f 
the whole net pro(;eed.s ari,**‘ing from pri/.o'' (’apturrtl from the 
enemy by any of the ships or vessels under lu» or their com- 
mand, and of the rewards conferred for the same, according 
to the following conditions anclMnodifications, saVe and <‘x- 
cept as hereinafter provided and directed ; that is to say : — 

When there is but one flag-officer he .shall have the entire 
one-twentieth part ; when two flag-officers sfiall he sharing 
together, the chief shall have tw(»-tiiirds, mul the other llag- 
officcr shall have the remaining one-third of the one-twctii- 
tieth part ; and when there shall be more than twt» flag- 
officers, the chief shall liave one-half (*f the said one-twen- 
tieth part, and the remaining half shall be eipially <livided 
among the junior flag-officers ; commodorcH of the first thiss 
and captains of the fleet to share as flag-officers : Provitled 
always, That no flag-officer, unlesH actually on ht^ard any 
ship or vessels of war, and at the actiml iaking, sinking, 
burning, or otherwise destroying any s!»p or ships of* w-ar, 
privateer or privateers, belonging to the enemy, shall share 
in tl )0 distribution of any liead money or Imunty mum?y 
granted as a reward for talcing, sinking, burning, or other- 
wise destroying any such ship or vessel of the enemy. 

No flag-officercommanding in any port in the niteii King- 
dom shall share in the proceeds of any prize captured from 
the enemy by any ship or vessel which shall sail from or leave 
such port by order of the Lord High Admmd, or of the com- 
missioners for executing the office of Irford High Admiral* 

When ships or vessels under the command of a^veral flag- 
officers belonging to separate stations shall be ioiiit ca|>tor«, 
eaph flag-officer shall receive a profwrtion of the one-twen- 
tieth part, according to the number of officers and men 
present under the command of each such flag-officer; and 
when any ship or vessel under orders from the Lord High 
Admiral, or from the commissioners for executing dteoffifce 
of Lord High Admiral, are joint captors with other isbifw or 
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Perflonnel. vessels under a flag or flags, the like regulations as to the 
apportionment of the flag share to the flag-officer or officers 
are to be observed. 

With reference to flag-officers it is to be noted : — 

That when an inferior flag-officer is sent to reinforce a 
superior officer on any station, the superior flag-officer shall 
not share in any prize taken by the inferior flag-officer be- 
fore he has arrived within the liiiiits of that station, unless 
the inferior officer shall .have received some order directly 
' from, and shall be acting in execution of, some order issued 
by, such superior flag-officer. 

No chief flag-officer quitting any station, except upon 
some definite urgent service, and with the intention of re- 
turning to the station as soon as such service is performed, 
shall share in any prize taken by H.M/s ships or vessels left 
behind after he has passed the limits of the station, or after he 
has surren dered th e comman d to anoth er flag-officer appointed 
by the Admiralty to command in chief upon such station. 

An inferior flag-officer quitting any station (except when 
detached by orders from his commander-in-chief upon a 
special service, accompanied with orders to return to such 
station as soon as the service has been performed) shall have 
no share in prizes taken by the ships and vessels remaining 
on the station after he has passed the limits thereof. 

In like manner flag-officers remaining on such station 
shall not share in the prizes taken by such inferior officer, 
or by ships or vessels under his inimediate command, after 
he has quitted the limits of the station, except he has been 
detached as aforesaid. 

A commander-in-chief or other flag-officer belonging to 
any station shall not share in any prize or prizes taken out 
of the limits of that station by any ship or vessel under the 
command of a flag-officOr of any other station,' or under 
orders from the' commissioners' o'f the Admiralty, unless 
such commander-in-chief Or flag-officer is expressly autho- 
rized by the said commissioners to take the command of 
that station in which the prize or prizes is or are taken, and 
shall acttaally havO taken upon hint such command. 

Every commodore having a captain under him ;shall be^ 
esteemed a flag-officOr' with ties{)^ct to ihe'tweii'tieth part of 
prizes taken, whethfei^fre be dommandihg in chief or serving 
under cothriiand. > " ■ , m • <1 

' The first captain to the adrfiiral and'cdmrnandeir-ih-chief 
of the fleet, and also the first captain fO any! 'flag-officer 
appointed to’ command ‘ a fleet of ten ships of the line or 
upwards, shall be deemed to be a flag-officer for the purpose 
of sharing in prize, and shall be entitled to share therein as 
the junior flag-officer of such fleet. ' * 

Any officer on board any ships of war at the time of 
capturing any prize or prizes who shall have* more com- 
missions than one, shall be entitled only to share in such 
prize or prizes according to the share allotted to him by the 
above-mentioned distribution, in respect to his sup^ior 
commission or office. 

And with reference to other officers it is to be noted,-^ 
That a captain, commander, or other commanding officer 
df a ship or vessel, shall be deemed to be under the com- 
mand of a flag when he shall have received some ‘ order 
from, or be acting in the execution of some order issued by, 
a flag-officer, whether he be or be not within the limits of 
the station of such flag-officer ; and in the event of his being 
directed to join a flagTofficer on any stati6h, 'he shall be 
deemed to be under the command of ‘such flag-officer from 
the^ time’ when he arrives within the limits of the station, 
which circSumstohce is always to be carefully noted in the 
log-book ; and it shSI be considered that he continues under 
the flag-officer of such .s^tion until he shall have received 
some order dif &itly froip> or Tbe, acting m , the execution of 
some order issued ' by some other flag-officer, duly autho- 
rized, or by the Lord High Admiml, or the commissioners 
for executing the office of Lord High Admiral 


The captain, commander, lieutenant commanding, master ^Personneh 
commanding, of any other officer duly commanding, any 
ship, sloop, or vessel of war, singly taking any prize from 
the enemy, — that is to say, the officer actually in command 
at the time, — shall have one-eighth of the remainder, or if 
there is no flag, one-eighth of the entire net proceeds ; ex- 
cept that, if the single capturing ship be a rated- ship, having 
a commander under the captain, the commander shall take 
a portion of the dne-eighth part, as if he were commander 
of a sloop, according to the proportion hereinaftei^'set forth ; 
and if more than one commanding officer of the same rank 
of command shall be entitled to share as joint captors, the 
one-eighth shall be equally divided between them ;'‘but when 
captains, commanders, lieutenants commanding, and mas- 
ters commanding, respectively, H.M.’s ships and Vessels of 
war, and commanders under captains' in rated ships, shall 
share together, in whatever variety of combination, the one- 
eighth shall be so divided into parts for a graduated appor- 
tionment as to provide for each captain receiving six parts, 
each commander of a sloop, or commander under a captain 
in a rated ship, three parts, and each lieutenant command- 
ing, or master commanding, or other officer actually com- 
manding, a small vessel of war, two parts ; commodores of 
the second class, and field-officers of marines, or of land 
forces serving as marines, doing duty as field officers, above 
the rank of major, to share as captains ; and field officers of 
marines, or of land forces serving as marines, and doing duty 
in the rank of major, to share as commanders of sloops. 

After provision* shall thus have been made for the flag 
share (if any), and for the portion of the commanding officer 
or officers, and others as above specified, the remainder of 
the fret proceeds shall be distributed in ten classes, so that 
each officer, frian, and boy, composing tbe rest of the com- 
plements of H.M.’s $hips, sloops, and vessels of war, and 
actually on board at the time of any such capture, and every 
person present afrd asristihg, shall receive shares, dr a share, 
acdording to his class, as set forth in the following sdale 

First Class , — Master of the fleet, inspector of ^ steam 
machinery afloat, when embarked With k 'fleet, medical in- 
spector, or deputy medical inspector, when embarked with 
a fleet, forty-five shares each. 

Second ClasSn’^Sehior lieutenant of a rated ship, not 
beai'ing a commander under the captain, secretary to the 
admiral of the fleet, or admiral coramknding in chiefi thirty- 
five shares each. 

Third Class.-^SeQ. lieutenant, master, captain of ma- 
rines, of marine artillery, or of land forces doing duty as 
marines, whether having higher brevet rank or not, secretary 
to an admiral or to a commodore of the first class not Com- 
manding in chief,' chief engineer, twenty-eight shares each,. 

Fourth Class , — Lieutenant ot quarter-master of marines, 
lieutenant of marine artillery, lieutenant, quartermaster, or 
ensign of land forces doing duty as marines, secretary to a 
commodore of the second class, chaplain, surgeon, pay- 
master, naval instructor, mate, assistant-surgeon, second 
master, assistant-paymaster in charge, assistant-engineer, 
gunner, boatswain, r, carpenter, eighteen shares each. 

Fifth Class, — Midshipman, masters assistant, pilot, clerk 
(not. passed), master-at-arms, chief gunner's mate, chief 
boatswain's mate, chief carpenter’s mate, chief captain of the 
forecastle, admiral’s coxswain, chief quartermaster, seamen’s 
schoolmaster, ship’s steward, ship's bddk, ten shares each. 

*C7to.— -Naval cadet, clerk*s assistant, captain's 
coxswain', ship's corporal, quartermaster, gunner's mate, 
boatswain's mate, captain bf the forecastle, captain of thp 
after-guard, captain of the hold, captain of the maintop, 
icaptain of the foretop, coxswain of the' launch, sailmaker, 
j-opemaker, caulker, leading stoker, blacksmith, serjeant ojt 
marines, of marine artillery, or of land forces doing duty as 
marines, nine shares each. 

Secenth Captain of the mast, captain of the 
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Personnel. mi 2 en.top, yeoman of the signals, coxswain of the barge, 
coxswain of the pinnace, coxswain of the cutter, second cap- 
tain of the forecastle, second captain of the maintop, second 
captain of the foretop, second captain of the afterguard, sail- 
maker’s mate, caulker’s mate, musician, cooper, armourer, cor- 
poral of marinesor of land forces doing duty as marines, bom- 
bardier of marine artillery, head krooman, six shares each. 

EiqUh Cto.— Leading seaman, shipwright, second cap- 
tain of the hold, able seaman, carpenter’s crew, sadmakers 
crew, cooper’s crew, armourer’s crew, yeoman of the store- 
rooms, steward’s assistant, ordinary seainan, blacksmiths 
mate, private and fifer of marines, or of land forces doing 
duty as marines, gunner of marine artillery, painter, stoker, 
coal trimmer, second head krooman, sick-berth attendant, 
bandsman, tailor, butcher, three shares each. 

Ninth -Cook’s mate, ship’s steward’s hoy, ad- 

miral’s domestic, superintendent’s domestic, admiral’s steward 
and cook, captain’s steward and cook, ward-room and gun- 
room steward and cook, subordinate officer’s steward and 
cook, commander’s servant, secretary’s servant; second 
class ordinary seaman, assistant stoker, barber, boy of the 
first class, first and second class krooman, supernumeraries, 
except as hereinafter provided, persons borne merely as 
passengers, and not declining to render assistance on occa- 
sion of capture, two shares each. 

Teni^ Class , — ^Boy below the first class, one share. 

All supernumeraries holding ranks in the service above 
the ranks or ratings specified in the fifth class, w’ho have 
been ordered to do duty in any of H.M.’s ships or vessels 
by the Lord High Admiral, or by the commissioners for 
executing the office of Lord High Admiral, by the senior 
officer of the fleet or squadron; or, if none senior, then by 
the captain or commanding officer of the capturing ship or 
vessel, if not by special authority employed in higher capa- 
cities, shall share according to tlie rank which they respec- 
tively hold in the service ; but in all cases to qualify them^ for 
so sharing, and not merely as supernumeraries in the ninth 
class, due notation of their being thus respectively ordered 
to do duty must have been made on the muster-books. ^ 

With respect to supernumeraries of ratings in the service 
below the denominations of those specified in the fourth 
class, who, at full victuals, are engaged in the ordinary duties 
of the ship, they shall share according to their ratings. 

When any capture is made from the enemy, the captains 
or commanding officers of H.M.’s ships or vessels of war 
making the same shall transmit, or cause to be transmitted, 
as soon as may be, to the secretary of the Admiralty a true 
and perfect list of all the officers, seamen, marines, soldiers, 
and others, who were actually on board on the occasion, 
accompanied by a separate list, containing the names of 
those belonging to the crew who were absent on duty or 
otherwise at the time, specifying the cause of such absence, 
each list to contain the quality of the service of each person. 

Conveyance of Treasure, — Scale of Rates. 



ForCroqpi 

Treasarc. 

For Treasure belong- 
ing to other parties. 


Peace and War. 



Gold or 
Jewels. 

surer. 

Between any two ports, the navi-'| 
gable distance between which 1 
BhalVnot exceed six hundred f 
leagues. J 

For cent. 

1 

Per cent. 

i 

Percent. 

1 

Between any two ports, the navi-*! 
gable distance between which! 
shall exceed six hundred r 
leagues, and shall be less than 
two thousand leagues J 

1 

11 

1 

H 

For any distance of two thousand \ 
leagues and upwards J 

X 

li 

2 


The above rates are payable clear of all deduction what- Personner 
soever ; and it is to be stipulated in the bill of lading that the 
captains and commanding officers of H.M.’s ships and ves- 
sels shall not be liable to any expenses attending the ship- 
ment of such treasure, or other articles, until the same sliall 
be safe alongside of their respective ships or vessels, and 
tlmt their liability shall cease from the moment they shall 
have landed the treasure at the port to which the ships car- 
rying the treasure shall be destined. 

Another great encouragement for young men to enter ITononrs 
the naval service arises from the honours bestowed by the 
sovereign for any brilliant exploit. Thus, in consequence ^^*’^‘** 
of the skill and bravery which were exhibited in the great 
and glorious action of the 1st of June 1794, his Majesty 
was graciously pleased to confer on Lari Howe the order 
of the garter; Admirals Graves and Sir Alexander Hood 
were made barons of the kingdoni of Ireland ; and itear- 
admirals Bowyer, Gardner, and Pasley, together with Sir 
Eoger Curtis, captain of the Queen Charlotte, were created 
baronets. Gold medals and chains were also <listributed 
to such admirals, and gold medals to such ca{>tains, as 
were particularized in I.^rd Howe’s despatches. I he first 
lieutenants of each ship were promoted to the rank of com- 
manders ; and pensions of L.KXX) jw annum were granted 
to Rear-admirals Bowyer and Pasley, in consideration of 
the loss of limbs. 

For the action of the Hth of February 1797, Lord St Vin- 
cent was advanced to the dignity of an earl, and a ptaHion 
was granted to him of L.3(KK) a-year; Vice«-admirais 
Thompson and Parker were created baronets ; Commodore 
Nelson received the order of the bath, and Captain CuUler 
of the Victory the honour of knighthood ; and gold medals 
were distributed to the admirals and captains. 

For the action of the lUh of October 1797, Admiral 
Duncan was created a viscount, with a pensioti of L.2(KK) 
a-year ; Vice-admiral OnsUm" was made a baronet ; 
and Captain Fairfax had the honour of knighthood. 

Gold medals were also distributed to the atlmiraU atid 
captains. 

For the action of the Ist of Augtist 1798, his MajeKty 
was pleased to testify his Kense of tlu* imjKirtance of this 
brilliant achievement by raiding Horatio Nelson to the 
dignity of the peerage, by the title of Baron Nelstm of the 
Nile, and by directing medals to be distributed to the cap- 
tains. The first lieutenant of the Miijcstic wan niade a 
captain, and the first lieutenants of the other shijm were 
promoted to the rank of ct)mmanders; and lor the attat*k 
of the Danish fleet at CoiKfnhagen, Lord Nelson wiw raised 
to the dignity of a viscount, and tlic order of the bath wa^ 
conferred on Admiral Gravot. 

For the ever memorable action of Trafalgar, in which 
Lord Nelson fell in the arms of victory, hU Majesty was 
pleased to confer upon his brotlier the rank of earl, witli a 
pension of L.5000 a-year, and the sum of L.l^'MfJOwaa 
voted by Parliament for tlie purchase of an estate to lu? an- 
nexed to the title; Admiral Collingwood wm raised to the 
dignity of baron, I.»ord Northesk was honoured with tlie 
order of the bath, and Captain Hardy was cteated a baronet ; 
the captains received medals, five "lieutenants were nuile 
captains, and twenty-four commanders ; twenty-two mid- 
shipmen were made lieutenants, and tlie senior captain of 
marines was made brevet-major. 

By this last act of I^rd Nelson^s life was annihilated the 
only remaining hope of the combined navies of France and 
Spain, and a blow given to the naval power of the enemies 
of Great Britain, which they never recovered during the 
remainder of the war. 

In the secondary victories of Sir John Warren, Sir John 
Duckworth, Sir Robert Calder, Sir Richard Strachan, Lord 
Gambier, and Lord Exmouth, and even for briiiiant actions 
of single ships, appropriate distinctbns have never been with- 




N A'V y; 


117 


Personnel.Iield, Exclusive of peerages and baronetcies, the honours 
v bestowed for gallant conduct in the naval service at present 

consist of six knights grand crosses of the military Order of 
the Bath, thirty-three knights commanders, and 114 com- 
panions of the Bath. In addition to these, there are of the 
civil Order of the Bath one cross, two knights commanders, 
and three companions. 

Medals have also been granted of late years by the Queen 
for various naval services, and distributed alike to the 
officers, seamen, and marines. These consist of the war 
medal for actions in ships and boats from 1793 to 1815 ; 
the medal for Algiers, Navarino, Acre, and Syria; the Bur- 
mese, China, and Kahr medal; and, lastly, the medal for 
services performed in the Arctic seas, which have greatly 
added to the renown of the British navy, have led to vast 
discoveries in that interesting portion of the globe, solving 
the problem of the N.W. passage, which for three cen- 
turies engaged the attention of the maritime nations of 
Europe, and rendering illustrious the names of many officers. 
Conspicuous among these in our naval annals will ever 
stand the names of Franklin, Parry, Ross, Collinson, and 
M*Clure, while those of Scoresby and Penny will be scarcely 
* less conspicuous in the mercantile marine. The institution 
of the Order of Valour will be another incentive to the offi- 
cers and men of the Royal Navy in the performance of heroic 
deeds in their country’s service. There are at present 
twenty-five officers, seamen, and marines, recipients of the 
Victoria Cross. In addition to the foregoing there are many 
officers and seamen authorized to wear foreign orders — the 
Legion of Honour, the Royal Hanoverian Guelph ic Order, 
the orders of St Michael, St George, the Tower and Sword, 
Redeemer of Greece, the Medjedic, &c. 
yaval Amongst the honours bestowed by the sovereign upon 
tiides-de- officers of the navy and Royal Marines is the appointment 
camp to the q £ aides-de-camp to the Queen. Of these there are twelve : 
Queen. them, the first and principal, is an admiral, ten are 

captains, and two colonels of marines. 

Oood-ser- Good-service pensions are also awarded to a certain 
vice pen- number of flag-officers, captains, and field-officers of marines. 
B.ons. These are selected according to their standing, length and 
nature of services, a statement of which is given, in each 
case, in the annual naval estimates presented to Parliament. 
There are at present seven flag-officers and twenty-one 
captains of the Royal Navy, and three field-officers of the 
Marines, in receipt of the good-service pension. 

Pensions The provision which is made for officers, in the event of 
for wounds, losing a limb, or being so severely wounded in the service 
that the prejudice to the habit of body is equal to the loss 
of a limb, is another encouragement for entering the naval 
service. There are at present 173 officers to whom pen- 
sions for w’ounds have been granted. 

For an admiral, from L.300 to Ii.700 per annum. 

A captain, wounds .... 250 0 ; loss of a limb, L.300 0 

Commander 150 0 ; 200 0 

Lieutenant 91 5; 91 5 

Marine officers the same as in the army. 

'Widows’ A provision is likewise made for the widows of the corn- 
pensions. mission and warrant officers of the royal navy, and voted 
annually on the navy estimates. The pensions are allowed 
according to the annexed scale, being similar, in most cases, 
to the widows of officers in the army of coiTesponding 
ranks. The latter are also provided for by an annual vote 
of Parliament. 


serving objects of the public bounty, and not left in wealthy cir- PprsonneL 
cumstances. 

Art, 2.— The rates of pensions shall be as follows, viz.: — 


Rules and Orders for granting Pensions to the Widows of 
Commission and Warrant Officers of the Royal Navy. 

Art. 1. — Widows of . commission and warrant officers of the 
Royal Navy may be allowed pensions as hereinafter directed, and 
subject to the following restrictions, provided they shall appear to 
the lords commissioners of the Atoiralty to be proper and de- 


Rank of Officer. 

Widow’s 

Ordinary 

Pension. 

Special Pension ir 
lien of Ordinary 
Pension.* 

Special Pension in 
lieu of Ordinary 
Pension.t 


L. 

L. 

L. 

Flag officers 

Captains retired under 

120 

According to 
circumstances. 

According to 
circumstances. 

0. 0. 1846 

Captains of 3 years 

110 

/ 

... 

standing and upwards 
Captains under 3 years 

90 

200 

150 

standing 

Captains retired under 

80 

200 

140 

0. C. 1840 

75 

... 


Commanders 

Commanders retired 

70 

120 

100 

under 0. C. of 1846. . . 
Commanders retired 

60 

... 


under 0. C. of 1816... 
Commanders retired 

60 

... 

... 

underO.C.ofl830... 

50 

... 


Lieutenants 

60 

80 

65 

Masters of the fleet 

60 

90 

80 

Masters 

60 

80 

65 

Mates 


60 

60 

Second Masters 

G-unners warranted 

... 

60 

50 

prior to 1830 

Gunners not warranted 

25 

... 

... 

prior to 1830 

Boatswains warranted 

prior to 1830 

Boatswains not war- 
ranted prior to 1830.. 
Carpenters warranted 

prior to 1830 

Carpenters not war- 
ranted prior to 1830.. 
Masters of naval vessels 
warranted prior to 

1830 

Masters of naval vessels 
not warranted prior 

25 

25 

25 

'i 

35 

30 

to 1830 

ROYAL MARINES. 

... / 

/ 


General officers 

120 

According to 
circumstances. 

According to 
circumstances. 

Colonels 

90 

200 

160 

Lieutenant-colonels .... 

80 

200 

140 

Majors 

70 

120 

100 

Captains 

60 

80 

65 

Ist Lieutenants 

40 

60 

60 

2d Lieutenants .......... 

CIVIL BRANCH. 

Medical inspectors of 

36 

50 

40 

hospitals and fleets.... 
Secretaries to com- 

80 

I 

200 

o 

manders-in-chief 

Deputy inspectors of 
hospitals and fleets... 
Paymasters-in-chief-. . . 

> 70 

] 

120 

100 

Inspectors of machi- 
nery afloat 

Chaplains ' 

Secretaries to junior 
flag-officers 

Uo 

90 

80 

Surgeons 

Paymasters 

Naval instructors 

Chief engineers / 

>60 

80 . 

65 

Assistant-surgeons 

40 

65 

50 

Assistant- engineers .... 

... 

35 

30 


* If the officer was killed in action, or died within six months of wounds 
received in action. ^ . , . « - 

t If the officer was drowned, or suffered other violent death in an imme- 
diate act of duty, or if it shall be proved to the satisfaction of the lords com** 
missloners of the Admiralty that he has died from the effects of any in|ary 
or disease caused by extraordinary exposure or exertion on fervice within 
six months after his hein^r first certified to he ill. 
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Personnel. pensions to the mothers and sisters of officers 

V KILLED IN ACTION. 

Mothers* — Where an officer is killed in action, and leaves no 
widow nor legitimate child, hut leaves a mother who is a widow in 
distressed circumstances, and who was dependent upon him, the 
mother shall receive a pension equal to the ordinary rate of widow's 
pension attached to the rank which her son held at the time of his 
death ; hut if such mother shall herself be in receipt of a pension as 
an officer’s widow, or shall have any other provision of any kind 
from the public, in that case no allowance will be made to her on 
account of her son, unless she gives up the other pension or allow- 
ance ; and the pension given to a mother on account of her son will 
he forfeited on re-marriage. 

Sisters, — ^The allowance made to the sisters of officers is not to 
exceed that which would be given to a mother, and will not be given 
in any case unless the officer shall have fallen in action, or shall die 
of wounds received in action, wdthin six months after being 
wounded, and shall have left no widow, legitimate child, nor mother, 
nor unless the sister shall be an orphan, having no surviving bro- 
ther, and shall have been dependent for support upon the officer 
killed. Every pension so granted will cease when the person re- 
ceiving it shall marry, or bo otherwise sufficiently provided for. 

The widows of boatswains, gunners, and carpenters of the royal 
navy, and masters of naval vessels, appointed prior to the 30th of 
June 1830, will, if otherwise qualified, be entitled to a pension of 
E.26. Widows of the above warrant-officers, and the widows of 
engineers who shall have been warranted subsequently to the 30th 
June 1830, are not entitled to pensions unless their husbands shall 
have suffered a violent death, and provided they shall he otherwise 
entitled to the same, in which case the following pensions will be 
allowed : — 

Art. 1. — To the widow of a gunner, boatswain, carpenter, or* 
engineer, whose husband shall have been killed in action, a pen- 
sion of L.35 a year. 

Art. 2. — To the widow of any of the above-named warrant-officers, 
whose husband shall have been drowned on duty, or suffered a 
violent death in an immediate act of duty, a pension of L.30 a year. 

Art. 3. — The pensions of all widows shall comxnence from the first 
day of the month following that in which their husbands died, pro- 
vided application be made by the widow within twelve months from 
the same, otherwise from the time only of such application; and all 
applications for pensions must be addressed to the Secretary of the 
Admiralty. 

Art. 4. — The widows of officers (except chaplains) who shall have 
married after the 31st of December 1830, are only entitled to the 
pensions of their respective classes in the event of their husbands 
having been on the list of commission or warrant officers, or on the 
list of naval instr^ictors, ten complete years, except the husband be 
killed in action, or lose his life in the execution of the service. 

■ Art. 5. — No widow shall receive a pension as a chaplain’s widow, 
unless her husband shall have been In piriest’s , orders, nor unless his 
fiarne was on the list at the time of his death, nor unless she shall 
have been married during, or prior to, her husband’s service in the 
x^avy, and unless her husband shall have served three years on full 
pay subsequent toltheir marriage, and shall have served the length 
of time to entitle tim to his ialf-pay. 

Art. 6t^No widow shall be entitled to the pension who has not 
been married twelve months to the officer by whose right she claims 
the same, unless the said oflicer was killed or drowned in the sea 
service; but the lords commissionfers of the Admiralty may grant 
the pension, in such cases as they think proper, when officers die 
before the expiration of twelve months from the time of their mar- 
riage. 

. Ari. 7.— -If any officer shall marry after the age of sixty years, 
his widow shall not be entitled to receive the pension ; or, if being 
capable of service, he should, at his own solicitation, be excused 
from it, being at 'the time warned that his widow would thereby 
fbrfeit the pension. 

Art. 8. — The abpve pensions shall not he received hy any widow 
tbgether with any other pension frpm the government, 

; Art. 9. — Widows who shall have re-married after the 31st De- 
cember 1830 shall forfeit their pensions. 

Art, 10, — The pensions of widows who shall have re-married 
prior to the 31st of December 1830 shall be paid to themselves, and 
t^eir receipts shall, notwithstanding their coverture, be deemed a 
sufficient discharge for the payment of their pension. 

Gompas* Besides these pensions, there has been established a 
Bionate Compassionate Fund, for the relief of such widows and 

Fund. orphan children as may appear to be proper objects of com- 

passion. The sums annually required are voted by Parlia- 
ment, and at present are limited to L.16,000 a year. One 
of the greatest benefits that could be conferred upon tlie 
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Royal Navy would be to double the vote for the Compas- Personnel. 

sionate Fund, which is quite inadequate for the object in- V 

tended, and admits of very little compassion being shown 
to the orphan children of officers who have faithfully served 


their country. 

Pensions to petty officers and seamen are granted by the 
Board of Admiralty for wounds, infirmities, and length of 
service ; and the sum required for this purpose is voted an- 
nually on the navy estimates. 

In addition, however, to the pensions granted forwounds, 
and the pensions and compassionate allowances secured to 
the widows and children of officers/ there are happily other 
provisions made for them by charitable institutions, — for 
instance, 

Naval Knights of Windsor^ formerly called Poor Knights. Kaval 
— There is an asylum afforded at Windsor, by the will of’lv^ightsof 
the late Samuel Travers, Esq., for seven “ Mipc'ranmiated or ''' hidsor. 
disabled lieutenants of English men-of-war, wlio are Vo bo 
single men, without children, inclined to lead a virtuous, 
studious, and devout life ; arid to be removed if they give 
occasion for scandal/' One of tliese, the senior officer, Is 
appointed governor of the institution. 

Quern Adelaides College at Pengc was estahlishetl by 
her late Majesty for the widows of twelve officers of the A<lclaide’fi 
ranks of lieutenant, master, surgeon, and paymaster. Iwich <’oUt‘ge. 
widow is allowed L.30 per annum, with coals and candles. 

The nominations are in the gift of the First Ixird of the 
Admiral^. 

The Moyal Naval Benevolent Society^ estitbiished in Tho Royal 
1739. It affords relief to ofiicers (being subscril>ers) ofNavaiBe- 
and above ward-room rank, and to their wddows mui fiuni- nwvoUmt 
lies under misfortune and distress. The scale of Kubscrip* 
tion entitling to relief is so small that all ofiicers wotihl do 
well to support it. The following is the scale, viz. : — Fhig- 
officers^annual, 1, 2, and 3 guincjis ; life, L.2(). Captains, 
commanders, insjiector.s of hospitals and fleets, an<i «t cre- 
taries — annual, 10s. 6d. ; life, L.10. Chief ( ir.dniM is — 
annual, 6s.; life, L.G. Ward-room (ifficer^ (indmiing as- 
sistant-surgeons who are entitled to ward-room rank, ami 
naval instructoi's) — annual, fis. ; life, L.5. It appears by 
the report that many cases have occurred where the widowat, 
orphans, or other relatives entitled, have received lumdreds 
of pounds for the husband’s subscription of as many shillitigs. 

Tims, the sister of a deceased captain, for four years' sub- 
scription of L.1, Is., received for his L.4, 4s, the sum of 
L.53(), The orphans of a master, for six years' subscrip- 
tion of 5s., received for Itis L.i, lUs. the sum of L.iH2, 8s. 

A lieutenant, with eight children, for twenty years' sub- 
scription of 5a, received prior to his deatli L470; and sub- 
sequently his widow die sum of and many other 
similar cases might be mentioned. 

Queen Adelaide's Naval -This fund wim «‘stab- 

lished in 1850 for the relief of the orphan dauglitifirH 
officers of the Royal Navy and Marines. The dividends Naval 
arising from donations and subscriptions are entirely a|)pro- Fuad, 
printed to the relief of orplians, who are assisted by |iecu- 
niary grants bestowed at the discretion of tlie conuiiittee, 
and available either for the education of the young, the 
maintenance of the aged, or tlie casual assistance of those 
in temporary difficulty. 

The Royal Naval School at New Cross, Kent, incw-q»heRoysl 
porated by Act qf Parliament 1840, has been establislied a Naval 
quarter of a century. The annual charge for board and skhool 
education of the sons of naval and marine officers of ward- 
room rank is L.30, some arc admitted at L.25, a iiinited 
number gratuitously, and at 1^.15 a year, according to the 
necessitous circumstances of the parents, a preltTenee be- 
ing fdven to orphans of those w ho may have Ikllefi in the 
sei^ice of the countrj'. A limited number of pipils, not 
being sons of naval or marine officers, sm on 

paymait of L.50 per annum. w.uv^ iifficviv, wlio 
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Personnel, were educated ai this school distinguished themselves in 



the late war with Russia, and particularly so in the recent 
Arctic expeditions in search of Sir John Franklin and the 
crews of H.M. ships Erebus and Terror. 


Royal 

Naval 


The Royal Naval Female School^ formerly at Rich- 
mond, and now St Margaret’s, Isleworth, was established in 


Female 1840, for the purpose of bestowing upon the daughters of 
School. necessitous naval and marine officers, of and above the rank 


of ward-room officers, a good, virtuous, and religious educa- 
tion at the lowest possible cost.. It owes its origin to the 
late Admiral Sir, Thomas Williams, G.C.B., who invested 


L.IOOO in trust ; and by an additional contribution of L.lOO 
per annum for seven years, arranged payments of the rents 
for that period. The Patriotic Fund made last year (1857) 
a grant of L.5000 to the institution. There are now 87 
daughters of officers in the school ; of these 26 are received 
at the annual payment of L.40 ; 56 (all daughters of neces- 
sitous officers) are boarded and educated at the entire cost 
to the parents or guardians of L.12 per annum ; and 5 are 
nominees of the Patriotic Fund, whose fathers died during 


the late war with Russia, the establishment defraying the 


larger amount of actual cost through the means of voluntary 
contributions. Of the number of pupils on the reduced scale 
of payment, 5 have lost both parents, and 35 others have 
lost their fathers. 


Orphan Neither are there wanting charitable institutions for the 
schools for orphan children of seamen and marines at the several ports ; 

and the recent establishment of sailors’ homes for men-of-war’s 
c I ren. merchant seamen, at most of the ports throughout 

Sailors’ the United Kingdom, is one of the greatest boons that could 
homes. been conferred. It is' impossible to speak too highly of 

those zealous and humane officers through whose exertions 
they have been established, more especially the late Cap- 
tain Robert Elliot, who devoted the whole of his time 
and private resources on the first sailors* home that was 
opened in Wells Street, London ; and the present Captain 
William H. Hall, C.B., who has been most indefatigable at 
every port in the kingdom. The late Sir Edward Parry was 
another zealous supporter of the sailors’ homes, and of all 
institutions which had for their object the eternal as well as 
the temporal welfare of the British seaman.^ To his illus- 
trious name must be, added those of Admiral Bowles, the 
late, Sir Francis Beaufort, the Hon. F. Maude, of Captain 
Gambier, and of many other well-known’ officers, who have 
also zealously devoted themselves to the object. 

These various institutions are now countenanced, and 
in some cases aided, by the government, by whom annual 
grants are made both to the orphan schools and sailors’ 
homes. It would be well if these grants were made upon 
( a more liberal scale. 


Greenwich The establishment of Greenwich Hospital embraces 
Hospital, much more extensive objects than any of the foregoing. 

The first idea of this noble institution, — the glory and orna- 
ment of the kingdom, which it is to be hoped that the rest- 
less spirit of innovation will leave untouched, — has been as- 
cribed, with every appearance of justice, to Mary, the consort 
of William III. Being desirous that our gallant seamen, 
worn down by age or infirmities, as well as suffering from 
wounds, should not be left destitute, she made a grant, jointly 
with King William, of the palace of Greenwich, and of cer- 
tain lands adjpining, to be appropriated to tliis purpose, in 
order, as stated in the^ king’s commission, to ‘‘the making 
some competent provision, that seamen who, by age, wounds, 
or other accidents, shall become disabled for further service 
at sea, and shall upt be in a condition to maintain themselves 
comfortably, may not fall under hardships and miseries, but 
may be supported at the public charge, and that the children 
of such disabled seamen, ^and also the widows and children of 
such seamen as shall happen .to be slain in sea service, may, 
in some reasonable manner, be provided for and educated.’* 
In 1695- the committee appointed to examine and report 


on the premises recotnmended an additional wing to King Pepsonnel. 
Charles’s building, which being approved by the king, Sir 
Christopher Wren undertook to superintend the new erec- 
tions without any pay or reward. Since that time various 
additions and improvements have been made to this mag- 
nificent pile of building, which was completed, very nearly 
as it now appears, in the year 1778. 

The king granted L.2000 a year, towards the carrying 
on, perfecting, and endowing of this hospital. The great 
officers of state and wealthy individuals also subscribed 
liberally to the undertaking. It was at the same time en- 
acted by Parliament, that a deduction of sixpence per man 
per month should be made out of the wages of all mariners 
for the use of the hospital ; and power was given to the 
Lord High Admiral to appoint commissioners fot receiving 
the said duty, whose office is situated on Tower Hill. These 
deductions no longer exist, and the establishment has been 
broken up. In 1699 his Majesty contributed the sum of 
L.19,o00, being fines laid by the House of Lords on cer- - 
tain merchants convicted of smuggling. In 1705 Queen 
Anne assigned to the use of the hospital the effects of Kid 
the pirate, amounting to upwards of L.6000. In 1707 
Robert Osbaldiston, Esq., devised by will half of his estate, 
which was valued at L.20,000. In the same year Anthony 
Bowyer gave the reversion of a considerable estate for the 
use of the hospital By several statutes the forfeited and 
unclaimed shares of prize-money were given to the hos- 
pital, and various grants from time to time continued to 
be made by Parliament. But the most substantial grant 
was that made by the Commons of the rents and profits of 
the forfeited estates of the Earl of Derwentwater, amount- 
ing at that time to about L.6000 a year, and at present to 
the gross rental 'of L.60,000, of which, after payment of all 
expenses for improvements, repairs, collections, and incum- 
brances, the annual receipt may be estimated at from 
L.30,000 to L.40, 000. 

At present the permanent revenues of the hospital con- 
siat of the following' heads:- / ^ ,'rerenuL 

1. The duties ^ismg from the North apd South Fore^ 

land lighthouses. . , . , 

2. The rents and profits of the Cerwentwater estates, 
including the lead mines. 

3. Rents of the market of Greenwich, and of certain 
houses there and in I^ondon. 

4. Interest of money invested in the public funds. 

5. Forfeited and unclaimed shares of prize-money 

6. Fines for various offences. 

It is evident that the funds of the establishment must 
vary considerably in times of war and peace ; being lowest 
in the latter period, when the demands are heaviest upon 
it, especially for a certain number of years after the close 
of a war. 

The rental of the estates bebnging to the hospital in 
the counties of Northumberland, Cumberland, and Dur- 
ham, rose from L.23,000, in 1805, to L.43,000, in 1816, 

The present gross rental of these estates and the lead 
mines, as above stated, amounts to about L.60,QQ0; the 
North and South Foreland lights to L.7000; and the in- 
terest of funded property to L.50,000; making, witji other 
contingencies, an annual revenue of about L. 150, 000, the 
whole of which is expended on the household establish- 
ment, the clothing, maintenance, and allowances to pen- 
sioners and other attendants, with repairs,' taxes, and con- 
tingencies. 

The establishment of this noble institution consists of a „ . 

military and' civil department. In the former there is 
governor, who is a flag-officer in the navy, lieutenant- meat, 
governor, who is also a flag-officer, four captains, four com- 
manders, eight lieutenants, and two masters; two chap- 
lains, two physicians, five surgeons, and two dispen^j^s^ 

— all resident within the hospital. * In the latter tibete’ are 
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Personi^l. five civil commissioners, two of whom are now naval 
officers; a secretary and his assistant, a casliier, steward, 
clerk of the check, — each of whom has his chief clerk ; an 
architect, and two inspectors of works, with their clerk* 
The number of in-pensioners is about 3000, and the num- 
ber of nurses 180, all of whom must be the widows of sea- 
men of the navy, and under the age of forty-five years at 
the time of admission. 

Pensioned Under the naval administration of Earl Grey the follow- 
officers on ing officers were added to the out-pensions of Greenwich 
Greenwich Hospital, to be selected by the Admiralty according to their 
Hospital, claims on the service 

Per Year. 


10 Captains at L.80 

15 Commanders at 60 

50 Lieutenants at 50 


In addition to their half-pay. 

Out-pen- The out-pensions to seamen were first established in the 
sioned sea. yg^r 1763, by act of 3d Geo. III., c. 16, in consequence of 
which 1400 out-pensioners were appointed at L.7 per an- 
num each, after undergoing an examination at the Admi- 
ralty as to their claims. 

At the close of the long revolutionary war tlie applica- 
tions became so numerous, and the claims of the seamen 
who had been wounded or worn out in the service so 
strongly grounded in humanity and justice, that it became 
necessary to adopt a scale of pensions, and to establish 
certain rules and regulations, by which seamen of Her Ma- 
jesty's fleet and Royal Marines should be remunerated for 
wounds or hurts, debility, and length of service. The fol- 
lowing are the present regulations: — 

For Wounds, Hurts, or Debility, 

Every seaman, landman, boy, or royal marine, wounded 
or hurt in Her Majesty’s service, is entitled to a pension 
proportioned to his wounds or hurts, of not less than six- 
pence a day, and not more than one shilling and sixpence or 
two shillings a day. F or sickness or debility, after seven years’ 
service, and under special circumstances before that period, 
of not less than fivepence a day, nor more than ten pence, 
according as he may appear capable of assisting himself. Be- 
yond fourteen, and less than twenty-one years’ service, not 
less than eightpence, nor more than one shilling and three* 
pence. And after twenty-one years’ service, one shilling 
and sixpence a day. But the rates are altered from time 
to time. 

All the above-mentioned pensions may be forfeited by 
misconduct, by desertion, and by sentence of a court-mar- 
tial ; also by neglecting or omitting to attend at such port 
or place, and at such time, as shall, in time of war or in 
prospect of a war, be appointed for the assembling of the 
pensioners, by the lords commissioners of the Admiralty. 

In 1853 a committee of naval officers was appointed to 
consider the whole subject of manning the navy and grant- 
ing pensions to seamen. Upon their recommendation, all 
boys entering the navy are now required to engage for ten 
years’ ‘‘ continuous service,” from the age of eighteen, and 
are allowed to count time for pension from that age, instead 
of from the age of twenty, as heretofore. All men volun- 
teering for ten years’ continuous service are also allowed 

? ensions after twenty years’ service, instead of twenty-one. 
n order to insure a certain number of trained seamen, in 
the event of an armament, in addition to those borne on the 
peace establishment, seamen who have served ten years 
continuously in the navy, reckoning from the age of eighteen, 
are eligible, at the discretion of tlie Board of Admiralty, to 
be granted pensions of 6d. a day each, and men with fifteen 
years’ service, pensions of eightpence a day each, — both 
classes being liable to give fbrther service, if called upon, 
In the event of an artnmflentj All men and boyi^> won 
entering the service for the fltsl lime, aftd Who my be 
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granted pensions for twenty or twenty-one years’ service, Personnel 
are held liable, under the pension stipulation, to give further 
service, if required, to meet the exigencies of an armament 
or of war. 

To the noble institution of Greenwich Hospital is ap- Kaval 
pended an asylum for the maintenance and education oF Asylum, 
the children of officers and seamen of the royal naval 
service. 

The Naval Asylum was originally instituted by the 
Patriotic Fund and private subscriptions, and afterwards 
established at Greenwich, by warrant under the king’s 
sign-manual, dated in January 1818, appointing the lords 
commissioners of the Admiralty to be commissioners and 
governors, who, with twenty-four directors, were to super- 
intend and manage the same. The object was, the main- 
tenance and education oF a certain number of orphans and 
other children oF the non-commissioned officers, seamen, 
and marines of the Royal Navy. As it was manifest, how- 
ever, that this establishment, so contiguous to the hospital 
of Greenwich, could be managed without inconvenience 
by the commissioners and directors of that hospital, under 
a more effective and economical system, His Majesty w-as 
pleased, by his warrant of January 1821, to annul the for- 
mer warrant, and to vest the sui>erintendence and internal 
management oF the said asylum in the commissioners and 
governors of Greenwich Hospital 

The two schools of Greenwich Hospital and the Naval Greenwich 
Asylum, and the funds thereof, arc now therefore incorpo- ftchoob. 
rated. The internal management is ctinfided to the board 
of directors and one of the captains of the hosjntal is in- 
trusted with the general sujierintendence. The kcIiooIh 
consist of the Nautical School and of the Upper and I.ower 
School. A chaplain, and jiropcr schoolma>tci’.s matron, and 
inferior assistants, with modtrate salarii'S, reside in the 
building. The number oF children maintained and educated 


in tlie institution are, — 

In the Boys’ Upper S<‘hodl ..400 

. . . Lower Bchool .400 


In the whole... 800 

The Upper School is divided into two classe.s. IOC) are 
the sons oF commis.si(>ned and ward-room warrant-officers of 
the Royal Navy and Marines; and 3CX)are the oFofficers 
oF the above or inferior rank, and oF private seamen or 
marines of the navy, and of officers and seamen of the mer- 
chant service. The whole 4(K) are subjtHrt to the same 
regulations as to education, diet, clothing, discipltue, and 
destination. None arc admitted unless ifufy can read 
fluently, write small text, and j^^erform tite first three rules 
of arithmetic- They must be free from infirmity of every 
description. The age of admission is from ten to eleven ; 
and at fifteen, or sooner if qualified, the wliole arc sent to 
sea, either in the navy or merchant service, or are other- 
wise disposed of. Presentations by Uic directors in rotation. 

The boys of the Lower School are the children of war- 
rant and {)€tty officers and seamen of the naval service, 
and non-commissioned officers and privates of the Royal 
Marines, admitted by tlie board of directors, giving a 
preference to orphans. The age of admission i« from nine 
to eleven years inclusive ; but none are retained beyond 
the age of fifteen. The boys are sent into the navy or 
merchant service, if situations can be provided for them ; if 
not, they are to be taken away by their parents or guardians 
at the age of fifteen. 

Thus all the classes of officers, seamen, and marines, who 
have faithfully served in the navy, are provided for by 
the state ; and the children of such as may be in indigent 
circumstances receive an education at the pubtte expensci 
suited to their condition in life. 

The total cXjwnse of the navy, inctuding every branch 
4)f di« civil and mitiiaryi tbr tno year# about 
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Navy Bay the middle of the war with France, was estimated at about 
II L. 18,000,000. In the year 1822, according to the esti- 

Naxos. mates which were laid before Parliament, it amounted to 
about L.5,000,000 ; and in the year 1837, L.4,663,000 ; but 
it would be perhaps better to give a comparison between 
the year 1835-6 and the year 1856-7, an interval of 21 
years. When at peace at the former period, the estimates 
amounted to L.4,245,723, with a vote for 20,000 men, 
2000 boys, and 9000 marines. When at war with Russia 
during the latter period, the navy estimates amounted to 
L. 16,298, 155, with a vote for 71,000 men, being more 
than three times the number of seamen voted for 1835-6, 
and very nearly four times the amount. 

Some idea may be formed of the prodigious increase of 
correspondence consequently conducted at Whitehall, by 
comparing the letters received and registered in the record 
department of the Admiralty at the same periods. In 1835-6, 
when Mr (now Sir Charles) Wood was secretary, and Mr 
Bedford held the oflSice of keeper of the records, 25,973 
letters were registered. In 1855-6, when Mr Osborne was 
secretary, and Mr Barrow (with one additional clerk) was 
in charge of the department, 49,181 letters were registered : 
the letters in the previous year having amounted to no less 
than 53,194, occasioning considerably more than double 
the amount of work in 1855-6, as compared to the period 
when Mr Wood was secretary. 
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The following table will show the increase in the navy 
estimates since the introduction of steam : — 

Year. Men yoted. Sum voted. 

1810. Not given L.1,508,451 15 11 

Supplement........... 2,624 0 0 

L.1,511,075 15 11 

1820. Not given L.2,229,904 0 0 

Por conveying and 
victualling settlers 
to the Cape of G-ood 

Hope 86,760 5 4 

2,316,664 5 4 

1830. 29,000 men 6,595,855 5 8 

1840-1. 35,165 6,847,516 0 0 

1850- 1. 33,446 6,672,688 0 0 

1851- 2. 33,610 6,643,255 0 0 

1852- 3. 33,619 6,835,588 0 0 

1853- 4. 39,407 6,285,493 0 0 

1854- 5. 60,907 (5000 seamen for 6 months.) 10,417,309 0 0 

1865-6. 65.000 11,857,506 0 0 

1856- 7. 71,000 16,298,155 0 0 

1857- 8. 39,000 8,109,168 0 0 

At the close of the war with Russia, the navy estimates 
(18o7-8) were cut down from over 16 millions (as above) 
to L,8,109,168. They now- stand (1858-9) at L.9,1 40,127 ; 
and it is to be hoped that they may not be reduced, if the 
Royal Navy is to remain in that.state of efficiency, both in 
its personnel and materiel^ which must be the ardent desire 
of every true lover of his country. (j. b — ^ w.) 
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NAVY BAY, or Limon Bay, an inlet of the Caribbean 
Sea, indenting the N. coast of the isthmus of Panama, in 
the republic of New Granada; N. Lat. 9. 21., W. Long. 
80. It is about 5 miles wide at its mouth, stretches 4 
miles into the land, gradually diminishing in depth, and 
can afford safe and convenient anchorage for many large 
vessels. On the western side there are several projecting 
headlands, which afford protection to vessels moored be- 
hind them, and which might be rendered still more secure 
by the construction of breakwaters. On the eastern side 
of the bay lies the island of Manzanilla, a mile and a half 
long by a mile in breadth ; and between it and the mainland 
is a channel, with excellent anchorage and good shelter for 
small vessels under repair- This anchorage is capable of 
accommodating 300 ships, and has a depth of 6 or 7 fathoms 
in the centre. On the island of Manzanilla stands the 
town of Aspinwall, near which there is a railway across 
the isthmus to Panama. 

NAXOS, or Naxia, an island in the Grecian Archi- 
pelago, lying to the E. of Paros, the northern extremity 
being in N. Lat. 37. 12., E. Long. 25. 33. It is about 
18 miles in length, by 12 in breadth, and has an area of 
] 70 square miles. It bore the same name in ancient times ; 
but was also called Sirongyle^ from its round shape ; Diony-‘ 
sias^ in consequence of the worship of Dionysus or Bac- 
chus; and by the poets, JDza, in honour of Jupiter. In this 
island, according to ancient legends, Bacchus found Ariadne, 
who had been brought from Crete and left here by The- 
seus. It is said that the earliest inhabitants were Thra- 
cians ; and that a colony of Carians afterwards settled here 
under a chieftain named Naxos, who gave his name to the 
island. It was afterwards colonized by lonians from Attica ; 
and from its size and fertility rose to great power and pros- 
perity among the Cyclades. The original government of 
Naxos seems to have been oligarchical, but a tyranny was 
established by Lygdamis, who, after being expelled, was re- 
stored to power by Pisistratus of Athens, whom he had as- 
sisted to reinstate in the supreme power over Attica. This 
state of affairs, however, did not last long; and the aristocra- 
tical party again obtained for a time the upper hand ; but 
having been expelled by the people, they applied for assist- 
ance to Aristagorasof Miletus, who induced the Persian king 
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to undertake an expedition against the island. This expedi- 
tion, sent against Naxos in 501 b.c., proved unsuccessful ; 
but in 490 the island was reduced to subjection by the 
Persians under Datis and Artaphernes. At the battle of 
Salamis the Naxian contingent of four vessels deserted the 
Persians, and fought on the side of the Greeks. After the 
Persian war they joined the league of winch Athens was at 
the head ; but in 471 B.O., having revolted, they were re- 
duced by the Athenians to a state of subjection. After 
this time few important events happened in connection 
with Naxos, till 1207 a-d., when a Venetian, named Marco 
Sanudo, took possession of this and some of the other islands, 
and founded a state, under the name of the Duchy of the 
iSEgean Sea. This duchy, after a duration of 360 years, 
was destroyed by the Turks in 1566, under whom the island 
continued till the Greek insurrection, after which it ibrmed 
part of the kingdom of Greece. The island is very fertile 
and picturesque ; and produces vines, olives, oranges, pome- 
granates, figs, and other fruits. In the centre rises a 
mountain 3000 feet high, anciently called Drius, and now 
Zia or Dia; and there is also another eminence called 
Coronon, the name of which is probably derived from the 
nymph Coronis, the nurse of Bacchus. The rocks of 
Naxos consist principally of marble and granite, of which 
there are quarries ; and the marble is hardly inferior to 
that of Paros. Iron ore is also found. The higher ground 
affords good pasturage for cattle. The resinous substance 
called ladanum is obtained here in modern as in ancient 
times. Near the north end of the island is a marble quarry, 
containing an ancient colossal statue, said to be one of 
Apollo, in an unfinished state. The principal town in the 
island is that of Naxos, which stands on the site of the an- 
cient capital, on the west coast. It is irregularly built ; and 
though it presents a fine appearance from the sea, the 
streets are narrow and dirty. It contains the remains of 
an ancient temple of Bacchus, and of the palace of the 
Venetian dukes, which was plundered by Barbarossa; and 
two moles, one ancient and the other modern, built by 
Marco Sanudo. The population of the town is about 
4000. The island is the see of a Greek bishop and 
of a Roman Catholic archbishop, and has convents of 
both religions. There are numerous small towns and 
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Naylor villages; and the entire population is estimated at 

li 20,000. 

Nazareth. NAYLOR, Nayleh, or Nailer, James, an unfortunate 
fanatic, was the son of a farmer, and was born at Ardsley in 
Yorkshire about 1616. When the civil war broke out in 
1641, he was living with his wife and family in the parish of 
Wakefield, and was probably engaged in agriculture. He 
took up arms for the Parliament, and during eight or nine 
years fought successively under Fairfax and Lambert. It 
seems to have been about this period that he first began to 
be seized with sudden religious impulses. He was converted 
from Presbyterianism to Independency. Then in 1651, two 
years after he had quitted the army and returned to the plough, 
the preaching of George Fox drew him into the community 
of the Quakers. An apostolic zeal immediately fired the 
new convert, and he abandoned his family and his occupa- 
tion to become an itinerant preacher. His fevered imagina- 
tion, untempered by a cool judgment, began to vent itself 
in the most fanatical opinions. The Quakers, as a body, 
disowned him ; but a few silly men and women accepted 
his fluent ravings as inspired prophecies ; recognised in his 
constant use of scriptural phraseology a sign of divine 
sanctity; and at length inferred from his habit of talking 
about “ Christ being in him,'* that he was the very Son of 
God. It was no uncommon practice with these devoted 
disciples to leave their homes in different parts of the 
country, and to attend their prophet in his wanderings from 
city to city. Such enthusiastic worship quite overturned 
the previously tottering judgment of Naylor ; so that he 
appears to have believed himself to be possessed of every 
supernatural attribute that was ascribed to him. His wor- 
shippers, encouraged by his acquiescence, soon brought 
their fanaticism to a crisis. They knelt before him and 
kissed his feet as he lay in Exeter jail in 1656, a sufferer 
for his extravagant zeal. On his release they celebrated 
his approach to Bristol by singing hosannas and by spread- 
ing their garments before his horse’s path, in irreverent 
imitation of our Saviour’s entrance into Jerusalem. At this 
point the government interfered, and apprehended Naylor, 
with six of his votaries, on the charge of blasphemy. His 
triaroccupied the Parliament for several (lays. A few days 
afterward^ their sentence was inflicted upon him. His head 
was fixed in the pillory for two liours, he was whipped at 
the cart-tail from the Palace-yard to the Old Exchange, 
his tongue was bored with a red-hot iron, and the stigma 
of a blasphemer was branded on his forehead. After a 
short respite, he was conveyed to Bristol, and whipped through 
the streets of that town. He was then brought back to 
bridewell, and doomed to an imprisonment of two years. 
These severe chastisements tamed the delirium and tlie 
spiritual pride of the fanatic. He recanted his heinous errors 
in several small books, and was re-admitted into the com- 
munion of the Quakers. In 1 660, two years after his release, 
Naylor set out northward, to visit his long-forsaken family, 
but died by the way, in Huntingdonshire. A collection of 
his books, epistles, and papers was printed in 8vo, 1716. 
Memoirs of the Life^ Ministry^ Trials and Sufferings of 
James Naylor appeared in 8vo, London, 1719. 

NAZARETH, a town of Galilee in Palestine, stands 
on the western side of a narrow oblong valley, about 6 
miles W.N.W. from Mount Tabor. Before the Chris- 
tian era it seems to have been a paltry uninteresting vil- 
lage. It is not mentioned even once either in the Old 
Testament or in Josephus ; and it is probable that it was the 
insignificance of the town itself> rather than the bad repute 
of its inhabitants, that prompted the exclamation of Natha- 
uael, “Can there any good thing come out of Nazareth?” 
But the fact that^ our Saviour passed his youth and early 
manhood within its humble precincts, invested it with an 
interest which it has e^er since retained, and which it will 
still retain as long as a single trace of its existence re- 
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mains. It is now a well-built town, consisting of flat-roofed. Nazarite 
stone houses, and standing conspicuous amid a neighbour- 
hood fertile w4th fig-trees, olive-trees, vineyards, and corn- 
fields. The chief objects of interest in the town are the 
localities which are pointed out as the scenes of some of 
the events in our Lord’s history, and the richly-decorated 
church of the monastery erected over a grotto which is 
supposed to contain the kitchen and fire-place of the Virgin. 

There is also shown the synagogue in which our Saviour 
expounded the Scriptures. About 2 miles from Nazareth 
stands the “ Mount of Precipitation,” which, as its name 
implies, is supposed to be the height from which he was 
about to be thrown by his fellow-townsmen. But how the 
credulous monks identify this precifiice with the hill men- 
tioned in Scripture as that “ whereon the city was built,” 
it is difficult to understand. The population of Nazareth 
is about 3000, of whom the majority arc Christians of va- 
rious denominations, and the rest are Mohannnedans- 

NAZARITE, or Nazarenk, a term which signifies one 
who is of Nazareth, or any native of the city of Nazareth. 

It was given to Jesus Christ and his disciples, and is com- 
monly employed in a sense of derision and conttnnpt by 
those authors who have written against Christianity. It 
has also been applied to a sect of heretics called Nazarenos, 
who sprung up during the second century in Palestine. 

Their main peculiarity consisted in the imagined necessity 
of combining the Jewish ceremonial with the religion of 
Jesus Christ. They refer to a Hebrew Gospel of St Mat- 
thew; and the Christian fathers make frequent allusion in 
their writings to the Gospel of the Nazarenes. This gospel 
was preserved by them in its primitive purity; but the 
Ebionites, a contemporary sect which they intinuitely re- 
sembled, and with which they have been often confounded, 
afterwards corrupted this scripture to suit their own here- 
tical opinions. Both sects seem to have died out before the 
fif'th century. Sometimes Nazarite means one who has laid 
himself under the obligation of a vow to observe the rules 
of Nazariteship, whether it be for his whole life, as Sam.'«o« 
and John the Baptist, or only for a tiine, as in the case of 
those mentioned in Numbers vi. 18, 19, 20 ; and Anms \u 
11, 12. Lastly, the name Nazarite denotes, according to 
some, a man of particular distinction and great dignity in 
the court of some prince. Nazir is the Hebrew word em- 
ployed to designate the dignity of the patriarch Joseph 
(Gen. xlix. 26; Deut xxxiii. 16); and Calmet mentions 
that this word is still a})piied to the chief minister of the 
crown in Persia. (Sec Carpzov, p. 151, so., p. 75fil, 

sq.; Reland, Antiq* Sacr, ii. 10; Meinhard, Dc Ntmram^ 

Jen., 1676; Zorn, in MiscelL lJps» Nov, iv., 426, sq.; 

Spencer, De Leg. Heb. RiU iii. 6 ; Dongtsei, AnaleeL i. 

37 ; Lucian, De Dea. Syr., c. 60 ; Mishna, Nasir.) 

NEAGH, Lough, a lake of Ireland, province of Ulster, 
hounded N. and E. by Antrim county, vV. by Tynme, an(i 
S. by Armagh. It is the most extensive lake in tlic United 
Kingdom, and one of the largest in Europe, measuring 18 
miles in length by 1 1 in breadth, and covering an ari*a of 
98,255 acres. The height of* its surface above the level of 
the sea at low water is 48 feet, and its greatest de[)t!i is 102 
feet The lake is far from picturo8C|ue, and contrasts un- 
favourably with the other loughs of Ireland. Its shores 
are low and flat, and frequently become flooded after heavy 
rains. There arc several islets, one of which, KamV Islantl, 
is 6 acres in extent, and contains the remains of a round 
tower. The principal streams which flow into the lake arc 
the Blackwater, the Upper Bann, and the Six-Mile Water ; 
and its only outlet is the Lower Bann, which leaves the lough 
at its N.W. corner, and after flowing through iMgh Beg, 
enters the sea near Coleraine. It isconnected bycaimb with 
Belfast, NewTy, and Lough Erne. It is navigated by small 
vessels; and one or two commodious ports or harixuir-i are 
stationed along its coasts. The watem of the lough iiave 
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ITeal Strong petrifying qualities, and the petrifaction is sili- 
II cious and susceptible of a beautiful polish. The fish most 
STeander. abundant are the pollan (Coregonus pollan\ a bright 
silvery fish, resembling the herring \ and the dollaghern, 
a species of trout. Numbers of aquatic birds, such as the 
heron, widgeon, &c., frequent the shores. 

NEAL, Daniel, the author of an able History of 
the Puritans^ was born in London in December 1678. 
After receiving his elementary education first at Merchant 
Tailors’ School, and subsequently at a dissenting academy, 
he spent three years on the Continent, studying successively 
at Utrecht and Leyden. On his return in 1703 he com- 
menced to preach. His learning and abilities recommended 
him in the following year to the office of assistant to Dr 
Singleton, the minister of an Independent congregation in 
Aldersgate Street. The Doctor died in 170^ and Neal 
was chosen his successor. He now appeared as a most 
faithful pastor, and at the same time as an assiduous culti- 
vator of polite letters, especially of history. The History of 
New England^ published in 1720, introduced him to the 
literary public. Meanwhile several of his sermons, preached 
for charitable purposes or on special occasions, were printed 
by request, and gained for him considerable fame as a pulpit 
orator. About 1 729 he had risen so high in the estima- 
tion of his co-religionists, that he was requested to un- 
dertake an historical account of the Nonconformists. Ac- 
cordingly, the first volume of The History of the Puritans^ 
commencing at the Reformation in England was published 
in 1732; the second followed in 17“33, and the third in 
1736. The fourth, bringing the narrative down to the Act 
of Toleration of 1 689, was published in 1 738. This history, 
though written in a calm and judicious spirit, was accused 
of being one-sided, and was attacked by Bishop Maddox 
and Dr Zachary Grey. Neal answered the former, and 
would in all probability have answered the latter also, had 
not his declining health prevented him. He died in April 
1743. Neal’s History of the Puritans, accompanied with 
a Life of the author, was edited by Toulmin in 6 vols., 1793. 
The same edition was reprinted in 3 vols. 8vo, London, 
1837. 


NEALCES, an ancient Greek painter, flourished in the 
time of Aratus of Sicyon, about the middle of the third 
century b.c. Little is known regarding either his life or his 
works. A Venus, and a painting of the naval battle on the 
Nile between the Egyptians and Persians, are mentioned 
by Pliny as two of his masterpieces. In the latter of these 
he very happily indicated the country in which the scene 
was laid, by representing a crocodile on the eve of seizing 
an ass that was drinking at the river. Nealces had a daugh- 
ter named Anaxandra, who became an artist. The painter 
Erigonus was once his colour-grinder. 

NEANDER, one of the most distinguished and influen- 
tial of the modern theologians of German}^, was born at 
Gottingen in the beginning of 1789 of Jewish parents. 
His father Emmanuel Mendel, is said to have been a com- 
mon Jewish pedlar; but little seems to be really known of 
his circumstances and character. His mother was a woman 
of tender and noble disposition ; and from the maternal side, 
as in so many other cases, the virtues and talents of the son 
appear to have sprung. While still young, he removed with 
his mother to Hamburg ; and in the grammar school, or 
Johanneum, of that city he received his classical education. 
There, as throughout life, the simplicity of his personal ap- 
pearance, and the oddity of his manners, attracted notice, 
but still more, under all outward peculiarities, his great in- 
dustry and mental power. His teacher, Gurlitt, took pride 
in his progress ; and to the countenance and encouragement 
he thus received he owed much, which he always remem- 
bered with gratitude. . From the J ohanneum young Mendel 
passed to the gymnasium, where he attended for a year the 
prelections in philology, philosophy, and theology, the 


study of Plato appears especially to have engrossed him at Keander. 
this time. One of his young friends, Wilhelm Neumann, 
writes of him in 1806, — “Plato is his idol — his constant 
watchword. He sits day and night over him ; and there 
are few who have so thoroughly, and in such purity, imbibed 
his wisdom. It is wonderful how entirely he has done this 
without any foreign impulse, merely through his own reflec- 
tion and downright study,” 

Considerable interest attaches to his early companionship 
with the writer of this letter, and certain others, among 
whom were the afterwards well-known writer Varnhagen 
Von Ense and the poet Chamisso. This young band of 
students, strongly devoted to the romantic school of Tieck 
and Schlegel, had started a poetical periodical, in connection 
with which they formed themselves into a literary union, 
under the symbol of the Pole Star. The Star of the North, 
the region of enlightenment, was meant to signify their 
aspiring cultivation of the true and the beautiful. Varn- 
hagen and Neumann having come to Hamburg, were at- 
tracted by the kindred spirit of the young Jewish student, 
and enrolled him in the brotherhood. He adopted the 
common symbol, and in virtue of his new connection opened 
up a correspondence with Chamisso, which was fortunately 
preserved by the latter, and gives us the deepest insight 
which we possess into his views and character at this period. 

The letters are singularly interesting. . They breathe 
throughout the most simple and glowing enthusiasm; while 
the picture of a pure and affectionate nature, and the 
struggling comprehensiveness of a great spirit, are im- 
pressed on every page of them. 

These letters enable us to understand with some degree 
of clearness the great change which now took place in 
Neander’s convictions. They ret-eal a course of spiritual 
training very much analogous to that which he has described 
in many cases, with such remarkable power, in his Church 
History. He reached the gospel through Platonism. In 
that philosophy which, he continued to think^ addresses itself 
more directly than any other to the divine instincts in man, 
and which, be has expressly said, “ contains so much that 
really or seemingly harmonizes with Christian truth,”, he 
found those points of contact with Christianity which always 
attracted him more closely to it as a source of spiritual life, 
and the satisfaction of all his inward necessities. The ideals 
which in Plato “ ravished his intellectual vision,” and were 
at first worshipped with that intense devotion which leaves 
no room for any other worship in the heart of the student, 
he found in the gospel transmuted into realities, fitted not 
only to dazzle his intellect, but to pacify his heart and 
quicken and ennoble his whole being, Plato was thus his 
schoolmaster to bring him to Christ, And while he never 
ceased his admiration of the philosopher, he yet always came 
to embrace, more and more, in its depth and purity, the 
“truth as it is in Jesus.” The influence of his teacher’s 
idealism may be visibly traced in some of his conceptions of 
Christian doctrine ; but the divine simplicity and practical 
power of the gospel asserted themselves always more strongly 
in him. He was baptized on the 25th February 1806, and 
on this occasion adopted, instead of his Jewish name of 
David Mendel, that, under which he was always afterwards 
known, of Augustus Neander (veos di^p). 

In the same year he went to Halle to study divinity. 

He had matriculated at the gymnasium in Hamburg as 
juris studiosus; but with his new views, and the earnest 
spirit which animated him, he could now only serve the 
church. At Halle, Schleiermacher was then lecturing in the 
first height of his fame as a teacher. Neander met in him 
the very impulse whichhe needed, while Schleiermacherfound 
a pupil of thoroughly congenial feeling, and one destined 
to carry out his views in a higher and more effective Chris- 
tian form than he himself was capable of imparting to them. 

■From this period we are to date Neander’s devotion to 
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Keander. church history. Catching the enthusiasm and higher ap- 
predation of his teacher, he began to live in studious com- 
munion vtdth the fathers, and to amass those stores of divine 
wisdom and lore which he drew so copiously from their 
writings. His repose at Halle, however, was soon dis- 
turbed. The French having taken possession of the town 
after the battle of Jena, the university was suspended, and 
the professors and students scattered abroad. Neander 
had the misfortune, along with some other students, to be 
robbed by the French soldiers ; and, friendless and ill from 
the fatigue of the journey on foot, he at length found refuge 
in his native city. Here he continued his studies with 
ardoiir, made himself yet more master of Plato and Plutarch, 
and especially advanced in sacred learning under the vener- 
able Planck. The impulse communicated by Schleiermacher 
was confirmed by Planck, and he seems now to have real- 
ized that the original investigation of Christian history was 
to form the great work of his life. ' 

Having finished his university course, he returned to 
Hamburg, and passed his examination for the Christian 
ministry with great distinction. He was not fitted, how- 
ever, for* the pulpit, and never seems to have commenced 
preaching. He betook himself to an academic career, and 
the study of Christian history, in Heidelberg, where two 
vacancies had occurred in the theological faculty of the 
university, from the removal of Mahreineke and De Wette 
to Berlin. He entered upon his work here as a theo- 
logical teacher in 1811, commencing with a Latin disser- 
tation on a subject which never ceased to attract him (De 
Jidei gnoseosgue idea secundum Clementum Alexei and 
in the year following an extraordinary professorship re- 
warded his learning and industry. In the same year (1 812) 
he first appeared as an author by the publication of his 
monograph on the Emperor Julian. The fresh insight into 
the history of the church, and the vivid and striking power 
of delineation evinced by this work, — vague and sketchy, 
perhaps, as it now seems in the light of his maturer produc- 
tions, — ^at once drew attention to its author, and marked him 
as a rising theologian of the first rank. Accordingly, even 
before he had terminated the first year of his academical 
labours at Heidelberg, he was called to Berlin as the asso- 
ciate of De Wette and Schleiermacher — an illustrious band, 
whose labours have left an ineffaceable impress upon Ger- 
man theology. 

In’ Berlin, Neander settled at once to those laborious 
habits of study and of earnest faithfulness in the discharge 
of his professorial duty which distinguished all his future 
career. His life was only varied by the successive publi- 
cations which appeared in such fertility from his pen. 
In the year following his appointment he published a 
second monograph on St Bernard and his Age ; then in 
1818 his work on Gnosticism. A still more extended and 
elaborate monograph than either of the preceding followed 
on Chrysostom ; and again, in 1825, another on Tertullian. 
He had in the meantime, however, begun his great work, 
to which these several efforts were only preparatory studies. 
The first part of his General History of the Christian Reli- 
gion and Church made its appearance in 1825, embracing 
the history of the first three centuries. The remaining 
parts have appeared at successive intervals, — the last volume 
'since his death, bringing down the narrative to the eve of 
the Reformation. Besides this great work, he published 
in 1832 his History of the Planting and Training of the 
Christian Church by the Apostles; and in 1837 his Life cf 
Jesus Christj in its Historical Connection andDevelopmenty 
called forth by the famous Life of Strauss. In addition to 
all these labours, he gave to the public many miscellaneous 
sketches from the history of the church and of theological 
opinion ; as, for example, his Memorabilia from the History 
of the Christian lAfe^ his volume under the title of the 
Unity and Variety of the Ohrie^n Life, and hia papers 
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on Plotinus, Thomas Aquinas, Theobald Thamer, Pascal, Neapolis 
Newman, Blanco \^'hite, and Arnold, &c. Several brief l\ 
works of a mixed exegetical and historical character have i^earchus. 
also come from his pen ; and since his death a succession 
of volumes, representing his various courses of lectures, 
have been promised, of which two, containing his Lectures 
on Dogmengeschichie, admirable in spirit and execution, 
appeared last year (1857). 

The life of Neander, as may be gathered from this mere 
enumeration, was one of unwearied work in his study and 
in his lecture-room. He lectured usually three times a 
day, his lectures embracing almost every branch of theo- 
logy, exegetics, dogmatics, and ethics, as well as church 
history. He cherished the most warm and affectionate 
interest in his students, his ungrudging self-denial and 
benefactions in their behalf forming one of the most kindly 
traditions which surround his name. It is difficult to con- 
ceive a more child-like and yet more aspiring nature ; at 
once so simple and so subtle — so lovely in affectionateness, 
and yet so grand and comprehensive in capacity and views. 

He died in 1850, worn out, and nearly blind, with incessant 
study. Germany mourned him as one of the greatest of 
her sons. 

Our space will not permit us to enter into any full ap- 
preciation of Neanderis theological and historical labours. 

This could only be done by showing at length his relation 
to the previous theology of Germany, and especially his 
connection with Schleiermacher, and the manner in which, 
while adopting, he modified and carried out the princij>Ies 
of this great thinker. With a mind less restlessly specu- 
lative, less versatile, discriminating, and logical, he possessed, 
in higher union than Schleiermacher, depth of spiritual 
insight and purity of moral perception with profound 
philosophical capacity. Characteristically meditative, while 
Schleiermacher was characteristically dialectical, he rested 
with a more secure footing on the great central truths of 
Christianity, and recognised more thoroughly their essen- 
tial reasonableness and harmony. Strongly alive to the 
claims of criticism, he no less strongly asserted the rights 
of Christian feeling. “ Without it,” he emphatically says, 

“ there can be no theology ; it can only thrive in the calm- 
ness of a soul consecrated to God.” And exactly in the 
same spirit, and proceeding from tlic same strong recog- 
nition of the absolute necessity of this Christian element in 
all theology, was his favourite motto, — Pectus e»t quod 
theologum facit.” 

His Church History remains the greatest monument of 
his genius ; and, upon the whole, the greatest work that 
has yet attempted to embrace so wide a field. Defective 
in graphic personal details and in a clear exhibition of the 
political relations of the church, somewhat heavy in style, 
with a certain vagueness and want of pictorial life through- 
out, it is yet unrivalled in its union of vast learning and 
profound philosophic penetration; its varied comprehen- 
siveness and abundant store of materials ; its insiglit into the 
living connection of historical events, but especially into 
the still more living and subtle nexus which binds together 
the growth and development of human opinion ; — in its dis- 
play of such qualities, with tim most simple-licarted Chris- 
tian piety, the most lively appreciative interest in the ever- 
varying fortunes of the church, the finest discernment of 
ail the manifold phases of the Christian life, the most genuine 
liberality, and the most catholic sympathy. (j« t— H«) 
NEAPOLIS. (See Naples.) 

NEARCHUS, a distinguished ancient admiral, wm the 
son of Adrotimus, and was bom in Crete in the former half 
of the fourth century b.c. Obtaining a high tiosttloiiat the 
court of Macedon, he became a devoted friena of the young 
Alexander, and was banished on that account by tlie sus- 
pidous Philip. Alexander, on succeeding to the throne, 
recalled him ; and Nearchus in 335 set out with the 
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Keath. king on his career of conquest. He was left behind in the 
following year to govern Lycia and Pamphylia. Five years 
afterwards, however, he joined the conquering prince once 
more in the far-distant province of Bactriana. But it was not 
until 325 B.c. that a high command was conferred upon him. 
A fleet was then launched upon the Hydaspes, and Near- 
chus was appointed to conduct it to the sea. This was ef- 
fected in safety ; but the more diflScult task of leading the 
ships through the unexplored Indian waters to the Persian 
Gulf remained to be accomplished. Nearchus volun- 
teered his services, which were gladly accepted. He set 
sail from the mouths of the Indus about the end of Septem- 
ber 325 B.c. On approaching nearly opposite the western 
border of the Indians, the ships were obliged to tarry for 
twenty-four days in a port, afterwards called Alexander, 
until the north-east monsoon had set in. From this point 
the inexperienced mariners began to be encompassed with 
perils and objects of terror. A storm met them, and de- 
stroyed three of the galleys ; they were under a per- 
petual dread of running upon rocks and shoals ; huge sea- 
monsters rose upon the surface of the water, and threatened 
to overwhelm them ; when they drew close to the land, 
ferocious savages, covered entirely with shaggy hair, and 
armed with nails like those of wild beasts, glared upon 
them from the shore. When at length, they arrived oppo- 
site the country of the Ichthyophagi, Leonnatus, who at 
the head of a land army had hitherto sujiplied them with 
provisions, could no longer attend them; and the barren 
sandy plain that extended for hundreds of miles along the 
shore could afford them no sustenance. The crews, appalled 
at the inevitable famine and the weary stretch of unknown 
sea that lay before them, became faint-hearted and refrac- 
tory. At this crisis the indomitable energy of the admiral 
saved all from destruction. Overbearing the spirit of dis- 
obedience by his commanding firmness, he steered right 
onwards for many days, in spite of hunger, and danger, and 
discontent, until he landed his famished sailors on the fer- 
tile shores of Carmania. The remainder of the voyage 
was comparatively easy ; and on the 9th December he 
brought his ships to anchor at the mouth of the River An- 
amis near the town of Harmozia. He then hastened to 
the camp of Alexander, which was pitched at a short dis- 
tance in the interior, to announce his arrival. “ By the 
Grecian Zeus and the Lybian Ammon !” exclaimed the 
king, “ I swear to you I am more happy in receiving this 
intelligence than at being the conqueror of all Asia.” From 
this date the facts known concerning Nearchus are compa- 
ratively unimportant. In the beginning of the following 
year (324 b.c.) he conducted his fleet to Susa. When 
the empire of Alexander was divided, his old provinces 
of Lycia and Pamphylia fell to his lot. He became an 
attached friend of King Antigonus. The latest mention 
of him in history is in 314 B.O., when he was appointed one 
of the counsellors of Demetrius, the son of the above-named 
monarch. 

A narrative of the famous voyage of Nearchus is said to 
have been written by the navigator himself, and to have 
furnished the materials of Arrian's Indica. This opinion 
has been contested by Dodwell and other critics ; but has 
been upheld by the generality of authorities, and especially 
by Dr Vincent in his Commerce and Navigation of the 
Ancients in the Indian Seas, Tlie work just mentioned 
also gives a full account of the voyage. 

NEATH, or Nedd (anc. Nidum), a parliamentary 
and municipal borough and market- town of South Wales, 
in the county of Glamorgan, on the left bank of the river 
of the same name, 7 niiles E.N.E. of Swansea, 35 W.N.W. 
of Cardiff, and 208 W. by N. of London by railway. It 
extends along the edge of the river ; and though neither 
well nor regularly built, it has some broad, well-paved 
streets. In the middle of the market-place stands a town* 


hall, built in 1837. The parish church is a large and Nebraska, 
ancient structure, with a square embattled tower ; and there 
are several other churches. The town has a philosophical 
society, mechanics’ institution, library, museum, and several 
almshouses. There are extensive copper and iron works, 
and the trade is considerable. The River Neath, which is 
here crossed by a bridge, is navigable for vessels of 300 
or 400 tons up to the town, where there is a harbour 
with convenient docks. The principal articles exported 
are coal, iron, copper, tin, oak, and bricks ; while copper 
and iron ore, corn, flour, timber, and other goods, are im- 
ported from foreign countries. Near the town are the re- 
mains of an old castle ; and about a mile off, on the road 
to Swansea, are those of Neath Abbey ; but very few traces 
now remain of the former splendour of either of these edi- 
fices. The borough is governed by a mayor, 4 aldermen, 
and 12 councillors ; and unites with Swansea in returning 
a member to Parliament. The market-day is Wednesday ; 
and three annual fairs are held. Pop. (1851) 5841. 

NEBRASKA, a territory of the United States of North 
America, bounded N. by British America ; W, by the 


Rocky Mountains, which separate it from Washington, Ore- 
gon, and Utah ; S. by Kansas ; and E. by Iowa and Min- 
nesota. It lies between N. Lat. 40. and 49., and W. Long. 
95. and 113. ; and has an estimated area of 335,882 square 
miles. The country is still in its wild, primitive condition, and 


little is known of its topography, except in the neighbour- 
hood of the Missouri and Platte rivers. The greater por- 
tion is an immense plain, sloping gradually from the Rocky 
Mountains in the W. to the Missouri in the E. Little of 


it is mountainous, except that part contiguous to the Rocky 
range. The principal rivers are the Missouri and its afflu- 
ents the Platte, or Nebraska, and the Yellowstone. The 
country on both sides of the former tributary, as far up as 
the Elkhorn, is described as an undulating plain, here and 
there brpken by ravines of considerable abruptness. But 
farther up the quality of the land deteriorates, and, except 
in the immediate vicinity of the river, is unfit for cultiva- 
tion. The section of the territory at the head of Platte 
River, called the Black Hill district, is more elevated and is 
well watered. Many of the hills are covered with pine and 
cedar, and the valleys are said to be luxuriantly clothed with 
grass. From Fort Laramie, on the same river, there extends, 
for a distance of about 90 miles, a remarkable tract of land 
called “ the Bad Lands,” on account of its great sterility 
and forbidding aspect. It is studded with a number of co- 
lumnar masses of sandstone from 100 to 200 feet high, which 
give it all the appearance of a vast, though quaint old town 
entirely deserted by its inliabitants. An interest of another 
kind has also been imparted to this place by a number of 
fossil skeletons of various tribes of animals now extinct, par- 
ticularly of the Pachydermata^ being fi)und here, among 
which the skeleton of a Palceotherium was discovered 18 
feet in length. The Platte valley forms one of the highways 
for overland emigrants to Utah and California. The river 
is from one to three miles broad, but yet so shallow, that, ex- 
cepting at lijgh flood, it is fordable at almost any part. The 
course of the stream is obstructed by numerous islands co- 
vered with cotton- wood, willows, and shrubs; while the shift- 
ing sand-banks and the rapidity of the current effectually pre- 
vent navigation. It rises among the Great River Moun- 
tains, and, under the name of the North Fork, flows E. by S., 
till joined by the South Fork, when it assumes the name of 
Platte or Nebraska River. It discharges its water into the 
Missouri near Platteville, after a course of about 1200 miles. 
The Yellowstone River, which waters the northern part of 
Nebraska, though not so long as the Platte, has a greater 
volume of water. It rises in Sublette’s Lake, N. Lat. 43. 
40., and W. Long. 110., and after a north-easterly course 
of about 1000 miles, joins the Missouri at Fort Union. 

Ftom the condition of the soil and suri^ce of Nebraska^ 
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ITebuoIiad-itwillin all likelihood become an agricultural country of 
nezzar* some importance. The climate is warmer than in the same 
latitude east of the great lakes. Owing, however, to the 
vast extent of prairie land, the temperature is subject to 
sudden changes, and the country is exposed to the north 
and west winds, which sweep over the plains with great 
violence. It is reported that minerals exist to a consider- 
able extent, and coal is said to have been lately discovered 
here. Emigrants have not as yet flowed into the territory 
in large numbers ; and hence it is that here the Indians are 
found in greater numbers, and in a less civilized state, than 
in any other part of the Union. The government have 
assented to the construction of several roads through Ne- 
braska, which, when completed, will no doubt tend greatly 
to the increase of its population. The territory formed a 
part of the Louisiana purchase, and came into the posses- 
sion of the Union in 1803. It then comprehended the 
territory of Kansas, which was separated from it and organ- 
ized a territory of the Union in 1854. Nebraska, as it now 
stands, received a like privilege in the same year. The 
capital town is Omaha city, situated on the west side of the 
Missouri. The entire white population was estimated in 
1854 at 6000. 

NEBUCHADNEZZAR, Nebuchadrezzar, or Nabo- 
POLASSAR, a great Chaldean king of Babylon. The account 
of his life given in the sacred narrative has received con- 
siderable elucidation from the canon of Ptolemy the mathe- 
matician, and from an extract preserved by Josephus out of 
ahistory by Berosus, apriestofthe temple of Bel. From the 
combined import of these three narratives, we gather that 
Nebuchadnezzar, having virtually received the sovereign 
power from his infirm father Nabopolassar, set out at the head 
of a mighty army to chastise Necho, King of Egypt. ' The 
Egyptian monarch, after subduing the kingdom of Judaea, 
had advanced as far as the banks of the Euphrates, and had 
seized upon Carchemish {Circesium). There the youthful 
Chaldean prince met him, routed his army, and retook the 
captured city. The Jews, deprived of the support of their 
allies, yielded to the conqueror ; their king Jchoiakim be- 
came a tributary of Babylon ; and within two years the 
Egyptian influence in Syria was completely crushed. At 
this time (605 b.c.) Nebuchadnezzar received intelligence of 
his father’s death. Ijeaving his army to conduct the cap- 
tives and the spoils to Babylonia, he hastened home with a 
slender escort to assume the sole sovereignty. To con- 
solidate his throne by an alliance, the young king married 
Amytis, the daughter of the King of Media. About the 
same time his great and splendid genius, unoccupied by 
schemes of conquest, began to find a congenial exercise in 
expensive improvements and gorgeous architecture. He 
decorated the temple of Belus to a superb magnificence 
with the treasures and the sacred vessels from Jerusalem ; 
he planned stupendous canals, rivalling in depth and breadth 
the river Euphrates ; and he laid the foundations of that 
massive and lofty palace, whose terrace-gardens, hanging 
from its sides like woods from the brow of a mountain cliff, 
became the wonder of the world. These peaceful occupa- 
tions were interrupted by the intelligence that the Jews, 
instigated by Necho, King of Egypt, had rebelled. In the 
eighth year of his reign Nebuchadnezzar was besieging 
Jerusalem in person. The city was soon forced to surren- 
der 5 the newly-appointed king Jehoiachim was deposed ; 
the temple and the palace were plundered ; no less than 
50,000 captives, including Ezekiel the prophet, the nobles 
of Judah, and the craftsmen, followed in the train of the 
conqueror to Babylon ; and Zcdekiah, the brother of the 
late monarch, was left to govern the remnant But no 
sooner had the Chaldean monarch departed to his distant 
capital, than his old enemies the Egyptians began to plot 
against him. They h£wi induced Zedekiali to renounce his 
allegiance to Babylon, and had sent an army under their 
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king Hophra to support him in his rebellion, when Nebu- Heckar 
chadnezzar, at the head of all the forces of his empire, re- || 
appeared in Palestine. After driving the Egyptians back decker, 
into their own country, he sat down before Jerusalem in 
590 B.c. A hot siege of two years ended in the complete 
surrender of the city to his merciless vengeance. As a 
summary punishment upon the z'efractory Jews, he con- 
demned their capital city to be first plundered of all its brass 
and gold, and then reduced to ashes, and their entire nation 
to be carried into captivity. The plunder of this expedi- 
tion, like that of former expeditions, was devoted to the 
adorning of the royal seat of the conqueror with specimens 
of art and enterprise. One of these was the gigantic golden 
image which is mentioned by the prophet Daniel. Nebu- 
chadnezzar was yet destined to be the minister of Divine 
vengeance upon the idolatrous Tyrians and Egyptians. At 
the end of an arduous siege of thirteen years, he took the 
city of Tyre, and levelled it with the dust. The Egyptians, 
who had added to their former provocations by sending 
succours to the besieged Tyrians, then became the object 
of his attack. Invading Egypt he marched from Migtlol to 
Syene, overwhelming all resistance, taking numerous cap- 
tives, and filling the entire length and breadth of the land 
with burning cities and slaughtered citizens. This cam- 
paign seems to have closed the military career of the Baby- 
lonian conqueror. He returned home to enjoy in peace 
the sway ot that wide empire which had been won by his 
sword, and the splendour of that metropolis which had be- 
come under him the queen of the cities of the earth. His 
pride, pampered by the remembrance of an tminterrupted 
series of successes, swelled to a monstrous height. Wallcing 
one day in his palace, and looking down upon the imposing 
scene of magnificent houses around him, he burst otit into 
an apostrophe of self-exultation. Immediately a voice fi‘ll 
from heaven, dooming him to live like a beast of the field 
until he should learn “ that the Most High ruleth in the 
kingdom of men, and giveth it to whomsoever he wdll.” In 
the same hotir the arrogant, self-elated monarch was chang<?d 
into a bewildered monomaniac that fancied himself an 
and fled from the abodes of* men to eat gniss in the wilder- 
ness. At the close of seven years, he wa.s restored to his 
reason and to his kingdom ; and it is probable that the rest 
of his days were passed in that humility of spirit which be- 
comes a creature. He died in 562 luj. and was succeeded 
by his son Ilouarouclamos, or Evil-Merodach. 

NECKAR, a river of Germany, rises in Wiirtemberg, 
near the borders of Baden, in the Black Forest, not fiir 
from the source of the Danube. It flows in an irregukir 
course, first N.E., traversing the N.W. corner of llofien- 
zollcrn, then N. through Wiirtemberg, and finally nearly 
W. through Baden, to the Rhine, which it joins at Mann- 
heim. Its principal affluents are the Enz, on the left side^ 
and the Kocher and Jagst, on the right The towns of 
Rothenberg, Tubingen, Esslingen, lleilljronn, and Heidel- 
berg stand on its banks ; and those of Stuttgardt and Louis- 
burg arc in its vicinity. The whole length of the river m 
about 270 miles, and it is navigable as far up m Cann^tadt, 

120 miles from its union with the Rhine. 

NECKER, Jacques, a statesman and financier of France, 
was born at Geneva on the 30th of September 1732. He 
was descended from a respectable family, originally from 
North Germany, and his father was a ptotmmr of law in 
Geneva. At the age of fifteen he quitted Geneva, and 
proceeding to Paris, entered first into the hanking-ltcmse of 
Vemet, and afterwards into that of ThelluftOii, of which he 
became the cashier, and at length a partner. On tlie death of 
Thelluson, he established a bank on his owm account by 
which he accumulated a very large fortune. Alter twenty 
years of unremitting attention to his prolession, be miwnri^ 
a Protestant lady of respectable family, and having retired 
from business, was shortly afterwwds named nmikter of the 
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decker, republic of Geneva at Paris, In accepting of this employ- 
ment, he refused the emoluments which were attached to it ; 
a degree of forbearance not very usual in public men, but 
in which he resolutely persisted during the whole course of 
his political life. In 1769 he published the Compagniedes 
Indes; and the Essaisur la Legislation et le Commerce des 
Grains, as well as the Eloge de Colbert, which was crowned 
by the French Academy, greatly extended the reputation 
of his political talents. 

The disorder in the state of the French finances had 
become so alarming, that it was found necessary to break 
through the routine of official promotion, and to choose able 
men for the public service wherever they could be found. 
M. Necker, although a foreigner and a Protestant, was ac- 
cordingly appointed in the year 1776 director of the royal 
treasury, and in the following year director-general of the 
finances. The great object of M. Necker was to introduce 
order and economy in the public management. With this 
view, he found himself compelled either to suppress useless 
offices, or to diminish emoluments ; and his retrenchments 
drew upon him the enmity of all those who suffered by his 
economical reforms. Fie published in 1781 the well-known 
piece on the state of the finances entitled Le Compte Eendu 
au Roi, which had not the effect of lessening the number 
or violent hostility of his enemies. In order the better to 
struggle with his opponents, he made a demand for a seat in 
the Council, but was objected to on the ground of his religion. 
Being persuaded that this scruple would be abandoned, he 
persisted, and offered his resignation, which was accepted ; 
and in this manner, as is alleged, he became the dupe of his 
own presumption. 

He now retired to Switzerland, where he purchased the 
barony of Coppet. In 1784 he published an able work en- 
titled De I Administration des Finances^ in 3 vols. 8 vo, 
of which 80,000 copies were speedily sold. In 1787 M. 
Necker sent a memorial to the king, for the purpose of 
proving the correctness of his calculations in the Compte 
Rendu. His Majesty having read these documents, re- 
quested that they might not be published, a proposition in 
which Necker did not acquiesce, and for tins offence he was 
exiled, by a lettre de cachet^ 40 leagues from Paris. 

Calonne, however, and the Archbishop of Toulouse were 
found unequal to the task of regulating the French fin- 
ances, and were successively obliged to resign and make 
way for Necker, the favourite of the people, who was rein- 
stated in his former post in August 1788. 

At this period the French government was assailed 
by a complication of difficulties, the chief of which was 
the impracticability of raising the necessary supplies, and 
the danger of an immediate bankruptcy. A great scarcity 
also prevailed at Paris, which rendered the populace un- 
usually discontented and tumultuous. Louis Xvl. and his 
advisers pursued a weak and vacillating policy ; and, when 
it was too late, desperately meditated even the most violent 
measures for the recovery of their authority. Troops were 
drawn from the most distant parts and encamped around 
Paris, intended to overawe the deliberations of the As- 
sembly, or perhaps to dissolve it at once at the point of 
the bayonet. These violent courses M. Necker opposed, 
and he accordingly, at his own suggestion, was dismissed 
on the 11 th July 1789, and requested to quit the king- 
dom in twenty-four hours. It is impossible to describe 
the consternation and wild confusion which prevailed in the 
capital when the dismissal and exile of this favourite minis- 
ter was made kpovvn. His recall was demanded by the 
enraged populace, and a letter was written to Necker at 
Basle, requesting him to return. This popularity, how- 
jever, was not of long duration. Being alarmed by the ex- 
cesses which had already taken place, Necker became de- 
^irpus to support the authority of the sovereign ; and, 
without conciliating the confidence of the king’s firiends. 


he lost that of the popular party. His personal safety ]yeotap 
being now in danger from the violence of the people, he [| 
quitted Paris in the most private manner in the month K’eedles. 
of December 1790. 

After the loss of his power and popularity, Necker seems 
to^ have sunk into the greatest dejection. I could have 
wished, says^ Gibbon, who passed some days with him 
about this period, to have exhibited him as a warning to 
any aspiring youth possessed with the demon of ambition. 

With all the means of private happiness in his power, he 
is the most miserable of human beings ; the past, the pre- 
sent, and the future, are equally odious to him. When I 
suggested some domestic amusements, he answered with a 
deep tone of despair, ^ In the state in which I am, I can 
feel nothing but the blast which has overthrown me.’ ” He 
had recourse to writing to divert his melancholy 5 and 
several works which he published were the fruits of his 
labours during this period. He died at Coppet on the 9 th 
of April 1804, after a short but painful illness. 

His writings, besides those already mentioned, are, — 

Memoir e sur les Administrations Provinciales, 1781 ; De 
I Importance des Opinions Religieuses, 1788; Sur V Ad- 
ministration de Necker, par lui-meme, 1791 ; Du Pouvoir 
ExScutif dans les Grands Etats, 1792 ; De la Revolution 
Frangaise, 1797. (See his Memoires by his illustrious 
daugliter, Madame de Stael. A complete edition of 
Necker’s (Euvres was published in 15 vols. 8 vo, Paris, 

1821.) 

NECTAR, among the early Greek and Roman poets, 
was the drink of the gods {ambrosia being their food), 
and was fabled to have the power of imparting health, 
vigour, youth, and beauty to all who drank of it. 

NEDJED, a district of Arabia. (See Arabia..) 

NEEDHAM, John Tubervillb, was born at London 
on the 10 th September 1713, and was descended from an 
ancient and noble family. He studied and taught rhe- 
toric at the English college at Douay, conducted a Roman 
Catholic school i;iear Winchester, and in 1744 was ap- 
pointed professor of philosophy in the English college at 
Lisbon. Ill health soon compelled him to leave Portugal, 
and he passed several years 'at London and Paris, which 
were principally employed in microscopical observations, 
and in other branches of experimental philosophy. The 
results were published in the Philosophical Transactions 
of the Royal Society of London, of which he was a mem- 
ber, in 1749, and at Paris in 1750, in 1 vol. 12 mo. An 
account of them was also given by his friend Buffon in the 
first volumes of his Natural History. From 1751 to 1767 
he was chiefly employed as a travelling tutor, and in 1768 
he retired to the English seminary at Paris. He after- 
wards received the appointment of chief director of the 
Imperial Academy, then instituted in the Austrian Nether- 
lands, where he remained till his death, on 30lii Decem- 
ber 1781. 

The papers of Needham inserted in the Philosophical 
Transactions are contained in vols. xlii., xliv., xlv., and 
li. He also wrote a curious pamphlet in connection with 
the controversy then in agitation respecting the origin 
of the Chinese, entitled De Inscriptione quadam ^gyp- 
tiaca Taurini inventa, et characteribus, Egyptiis olim 
et Sinis communihus exarata, 1761, in 8 vo. 

NEEDLES. These useful articles are made of steel 
wire, which may be mill-drawn or hand-drawn. The 
latter is preferred for the best needles, because, as in that 
case there is only one wire running at a time, the drawer 
can feel when the surface rips or tears, and can stop the 
process, so as to re-adjust the draw-plate and remove the 
damaged wire. In cleaning the wire after it has been 
Softened, the scale is not removed by pickling in dilute 
ifulphuric acid, but by the friction of rubbers smeared with 
emery and oil. The needle-maker obtains his wire in 
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Needles, coils of various sizes and weights, and his first operation 
is to cut it into lengths, each of which is sufficient for two 
needles. The curved pieces thus cut from the coils are 
straightened by inclosing many thousand lengths within a 
couple of rings, and rubbing them with an iron instru- 
ment called a smooth file; the friction of the ])ieces of wire 
upon each other producing tlie intended effect. Before 
this operation the wires are sometimes softened by being 
raised to a red heat, and allowed to cool gradually. The 
next process is to point both ends of the wires, which is 
done on small grit-stones; the grinder holding a number 
of wires in his left hand, and by a peculiar motion of the 
right hand making them roll upon the stone, so as to pro- 
duce an accurate point. This dry grinding loads the air 
with particles of grit and of steel, which, entering the lungs, 
produce a fatal disease, known as grinder's asthma. The 
remedy for this is to attach to each wheel a ventilating ap- 
paratus capable of carrying off the dust as fast as it is 
formed. After the wires have been pointed, the centre of 
each is stamped or flattened out, and a groove is sunk on 
each side, together with a small cavity for the eye, by 
means of dies. One of the dies is contained in a block of iron 
resting on wood, and the other is attached to the bottom of 
a hammer, so connected with a lever as to be worked by 
the foot of the stamper ; by which means the centre of 
each wire is flattened out, and the shape of the two eyes 
given. If it were attempted to form the eyes at one punch- 
ing, the wire would probably be torn. In the next opera- 
tion, called eyeing^ a couple of steel points or cutters are 
brought down to punch out the eye. The wires are now 
threaded by their eyes upon a couple of wires, and the bur 
formed by stamping out the blank eyes is filed oft*. The 
lengths are next divided, by bending the wires backwards 
and forwards between the two wire spits ; and shape is given 
to the heads of each row of needles by grasping the points 
in a hand-vice, and filing the heads upon a raised piece of 
metal. The needles are now said to be headed or made^ 
and this completes the processes known as soft work^ from 
the soft state of the wire. Before the finishing processes 
known as bright work are entered on, the needles are 
straightened by rolling them on a flat steel plate with the 
convex face of a curved smooth steel file. The next process 
is hardening: the needles being raised to a red heat are sud- 
denly quenched in cold water or oil, after which they are 
tempered by a more gentle heating on an iron plate, the 
proper temper being judged of by the formation of a blue 
film upon the surface. In this operation the needles be- 
come more or less distorted, and they are straightened by 
being tapped upon an anvil with a small hammer : this is 
called hard or hammer straightening. The needles are ex- 
amined by rolling with the finger on a smooth plate of steel, 
and such as do not roll truly are corrected with the ham- 
mer. The needles are now made up with canvas, in 
bundles of from 40,000 to 50,000, with emery, oil, and soft 
soap, each bundle being about 2 feet in length, and 3 or 4 
inches in diameter. These rolls are placed in a scouring 
machine, resembling an ordinary mangle, and the bundles 
being made to roll backwards and forwards during many 
hours, such an amount of friction is produced on the needles 
as to make them bright and smooth. After about eight 
hours’ friction the bundles are taken out and re-made, with 
the addition of putty-powder and oil. For the best 
needles the scouring or cleaning and polishing is continued 
for seven or eight days. The heads of the needles are now 
softened by placing them in rows upon metal strips, with 
the eyes projecting over the edge, and bringing a red-hot 
plate sufficiently near to produce the deposit of a dark blue 
film on the heads. This indicates the proper temper for the 
next operation, which is the very delicate one of removing 
pottions from the interior of the eye. 
This is done by dHUvng^ the drills being minute three-sided 
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tools attached to a wheel, and revolving rapidly. The 1^‘eedles, 
operator brings each eye up to the drill, first on one side 
and then on the other ; first counter smhing^ as it is called, « II 
or converting the sharp edge of the eye, where it commu- 
nicates with the groove, into a curved one ; after which 
the drill is made to pass round the rest of the eye in 
such a way as to produce the kind of curve seen in the bow 
of a pair of scissors. The points are next finished upon a 
small revolving stone, after whicli they are polished on 
wheels of wood coated with buff leather and polishing 
paste. The needles are lastly counted into quarters of 
hundreds, folded up in papers, and labelled. Recently 
they have been sold in cases, containing several small 
tubes, each tube holding a diff'erent size of needle. 

The needle-making district of England includes the 
villages of Redditch, Beckenham, Beoley, Studley, Cough- 
ton, Alcester, Astwood Bank, Crabb’s Cross, &c. ; all of 
which lie near together. It should be noticed that the ma- 
nufacture differs somewhat for the heavier kinds of needles, 
such as packing, sail, upholsterers’, stay, mattress, book- 
binding, surgeons’, harness, and collar needles; knitting, net- 
ting, tambour, and crochet needles ; and meshes. (c. T.) 

NEEDLES, The, a name given to five remarkable rocks 
lying immediately off the western extremity of the Isle 
of Wight, in N. Lat 50. 39., and W. Long, L 34. Their 
origin is attributable to the sea beating on die sharp cliffs 
which form the W. point of the island, and the same influence 
is gradually wasting them away ; the largest of them, which 
was 120 feet in height, having been submerged in 1764. 

They are white, but black at their bases, and curiously 
streaked throughout with black strata of flints. A light- 
house standing on this extremity of the island rises 715 
feet above the sea. 

NEEFS, Peter, surnamed “the Elder,” an eminent 
Flemish painter, was born at Antwerp in 1570. He studied 
under Steenwyck the Elder, and. like his master, directed his 
attention to the painting of the interior of churches and 
convents. His delicate finish, exquisite colouring, and 
correct execution of perspective, soon placed his pictures 
among the best of their class. The figures wliich he em- 
ployed Jan Breughel, Teniers, or other eminent artists, 
to introduce into his churches, added much to the effect. 

Neefs died about 1650. His son, called Peter Neefs “the 
Younger,” imitated him both in the selection of subjects 
and in style, but with no great success. 

NEEMUCH, in HindusUin, a town with a Britisli can- 
tonment, in the territory of Gwalior, or possessions of Scin- 
dia, situated on the N.W. border of Malwjii, at a short 
distance from the boundary which separates tliat tract of 
country from Mewar. Bishop Heher describes tlie can- 
tonment as a stationary camp of thatched bungalows and 
other buildings, open on all sides, and surrounded hv a 
fine plain for the performance of military evolutions. \Val- 
lich, a later traveller, gives the following account of it ; — 

“ The cantonment extends on a slightly elevated ridge, 
ninning about N.W. and S.E.; its extreme ten^ is 
miles, and the extreme breadth 1 mile. The lines are 
placed in front, facing to the northward ; the regimental 
officers’ quarters behind these ; and the Sadder Bazaar and 
staff to the rekr of all. Lines have at various periods been 
built capable of containing one regiment of native cavalry, 
one troop of native horse artillery, ibur regiments of native 
infantry, and a regiment of irregular horse.” A small fort 
has been constructed by the British a place of refuge for 
the families of the military, when called to a distance on 
duty. The native troops stationed at this place particifjated 
in the general mutiny of the Bengal army. The rising 
took place on the night of the 3a June 1857, when a 
general massacre of Europeans took place. The work of 
slaughter was commenced by the artillery, and all the na- 
tive troops joined heartily in it A native tffiker opened 
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Neer the gate oF the fort, and gave entrance to the rebels. 

II Having committed the most frightful enormities, and out- 
Neff, raged every law of humanitj^ a large body of the mis- 
creants marched in the direction of Agra. (Some account 
of their subsequent proceedings will be found under the 
article North-Western Provinces of Bengal.) Nee- 
much is distant 312 miles from Agra, and 371 from Delhi ; 
N. Bat. 24. 27., E. Long. 74. 54. 

NEER, Arnould, or Aart Vander, ‘‘ the prince of 
moonlight painters," was born at Amsterdam in 1619. His 
paintings soon became remarkable for their fidelity to na- 
ture, and for their calm poetical tone. He excelled in 
representing winter scenes ; but his favourite subject was 
the moon shedding down her silver light upon a sleeping 
hamlet, in the midst of a few trees on the bank of a smooth- 
flowing river. These moonlight pieces are found all over 
Europe, and are , marked by a monogram, consisting of 
A. V. D. N. Neer died in 1683. 

Neer, Eglon Hendrick Vander^ an eminent artist, was 
the son of the preceding, and was born at Amsterdam in 
] 643, His first lessons in painting were received from his 
father. He then became the pupil of Jacob Vanloo, and 
about the age of twenty followed his teacher to Paris. His 
principal studies, however, seem to have been the mas- 
terpieces of Gaspar Netscher, William Mieris, and Ter- 
burg. It was soon apparent that he had caught some of 
the several excellencies of these famous artists. A more 
striking feature of his pictures, however, was an elaborate- 
ness in detail. On every kind of subject which he painted 
he employed the careful and minute attention of one who 
strives to build his reputation on a few highly-finished 
masterpieces. His pictures of conversational parties are 
crowded with the most splendid accessories ; and owing to 
the excessive finish of his trees and flowers, his historical 
pieces ought to be called landscapes, and his landscapes 
ought to be called garden pieces. Neer died in 1703, at 
the court of the elector-palatine at Dusseldorf. Specimens 
of his paintings are to be seen in the Bridgewater collec- 
tion, and in the collections of Mr Hope and the Mai'quis 
of Bute. 

NEFF, Feli3;, a devoted Swiss missionary, was born at 
Geneva on the 8th of October 1798. He received his 
early education chiefly from his widowed mother, who was 
distinguished for her piety ; and occasionally had tlie bene- 
fit of a lesson from sonoie kind pastor of his native canton. 
The favourite authors of his boyish years were Plutarch 
and Rousseau ; and he took great interest in the study of 
natural history and mathematics. He was placed at an 
early age with a florist-gardener in the environs of Geneva, 
and at the age of seventeen entered the army, that he 
might no longer be a burden to his poor mother. Here 
his patient industry and excellent character soon raised him 
to the rank of serjeant ; but his earnest, thoughtful nature 
becoming greatly impressed wdth the truths of religion, he 
was induced in 1819 to exchange the life of a soldier in 
the garrison of Geneva for that of a Protestant missionaiy 
in the wild glens of the High Alps. The first years of 
his missipnary life were spent as a proposant or catechist 
in the cantons of Geneva, Neufchi.tel, Berne, and the Pays 
de Vaud. In 1821 he turned his attention to the desti-i 
tute district of Grenoble in France, and subsequently tQ 
that of Mens in Is^re, with the hope of making recruits," 
as he was wont to phrase it. He went to England in April 
1823, and after obtaining clerical ordination from the In- 
dependents there, he returned to the scene of his former 
labours at Mens. A short time afterwards, we find him 
among the High Alps, pursuing his noble undertaking with 
great courage and zeal among the descendants of the Vau- 
dois, in the wild picturesque valleys of Queyras and Freys- 
sini^res. Here he dedicated temples, organized schools, 
and laboured incessantly, “ by day and night, through wind, 
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snow, and ice,” among those lonely glens and savage moun- Negapatam 
tains, until he broke his health. The baths of Plombi^res II 
were visited without any permanent effect, and he returned ^^egropont. 
to native Geneva only to die. Small companies of the 
poor people of the distant Alpine valleys made long jour- 
neys on foot through the snow to see their dying pastor ; 
but the spring of 1829 put an end to his sufferings, and 
sent these devoted ones back to their native w^ilds in tears. 

(The Life of Felix Neffl by A, Best, London, 1855.) 

NEGAPATAM, a considerable seaport in the south of 
India, and province of Tanjore. It was formerly well for- 
tified, and had a citadel of a pentagonal form, with wet 
ditches. It has no considerable trade, but is frequently 
touched at by ships for refreshments, which are plentiful. 

The town lies at the north side of the citadel, near which is 
the mouth of a small river, capable of receiving vessels which 
draw little water. At the mouth of the river there is a bar, 
over which the surf breaks with great violence in bad wea- 
ther, and renders the entrance dangerous. The anchoring 
place is about 3 miles from the shore, opposite the town, 
where there is very little current ; and to the S.E. of the 
town, at the distance of 5 miles, there is a shoal about 5 
miles in length, having from 3 to 6 fathoms water on it. It 
was originally a small village, but was fortified and improved 
by the Portuguese. In 1 660 it was taken from them by the 
Dutch, who strengthened its fortifications, and made it the 
capital of their settlements on the Coromandel coast, where 
they established a mint. Under their rule it enjoyed a long 
period of tranquillity ; its trade increased, and it became a 
very flourishing city. In 1781 it was besieged and taken 
by the British with about 4000 tropps, and was finally 
ceded to them at the peace of 1783; since which period 
the fortifications have been neglected, and the trade has 
been transferred to other places. E. Long, 79. 55., N. 

Lat. 10. 46. 

NEGRAIS, an island, harbour, and cape of the Eastern 
Peninsula, is situated at the S. W. extremity of the kingdom 
of Pegu, in N. Lat. 16. 1., E. L'ong^ 94. 12, The island 
is small, and is now deserted and overgrown with jungle; 
but the harbour is one of the safest in the Bay of IBengal. 

In 1687 a settlement was founded here by the British 
government of Madras, but it was soon after abandoned. 

In 1751 it was again for a short time occupied by the Bri- 
tish ; and in 1757 was ceded to them by the Bur man em- 
peror ; but two years afterwards, the Burmese attacked it, 
and put to death all the inhabitants who did not succeed in 
effecting their escape. 

NEGROES. See Ethnology, and Africa, 

NEGROPONT, or Chalcis, a town of Greece, capital 
of Euboea, is situated on the Euripus, which separates that 
island from the mainland, and is here at its narrowest point 
pnly 40 yards in breadth. It is built in the form of a cres- 
cent, touching the sea at each extremity, and surrounding 
the citadel, or castro, as it is termed, which stands on a lofty 
rock overlooking the straits. The fortifications of the cita- 
del are partly of Venetian and partly of Tui'kish construc- 
tion ; while the outer walls of the town, which are now in 
a state of great dilapidation, are Venetian, The streets 
are narrow, but there are many good houses, especially 
those built by the Venetians. There is also a Gothic 
church with square tow'ers ; and, as a few Mohammedans 
still remain in Negropont, one of the mosques is used by 
them in its former capacity, while the otliers have been 
converted into Christian churches. The gate of the citadel 
is surmounted by the lion of St Mark. In the middle of 
the straits is a small rocky islet, on which stands a tower; 
and this is connected with the mainland by a stone bridge 
about 70 feet long, and with the island by one of wood 35 
feet long, with a drawbridge at each end, to allow the pas- 
sage of ships. The ancient name of the town was Chalets; 
and it was a place of great importance in antiquity.' Strabo 
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Kegro, informs us that it was twice colonized by lonians from At- 
tica in early times* It soon became one of the greatest 
commercial towns of Greece, and sent out a large number 
of colonies to various parts of the world. The peninsula of 
Chalcidice in Macedonia obtained its name from the num- 
ber of Chalcidian colonies founded there. Cumae and 
Ithegium in Italy, and Naxos, Zancle, and Tauromenium 
in Sicily, are among the cities which owed their origin to 
Chalcis. The government was originally in the hands of 
an aristocracy, called hippohotcB^ who were in all proba- 
bility the proprietors of the rich plain of Lelantum, between 
Chalcis and Eretria. This plain was claimed by both of 
these cities ; and at an early period a war took place be- 
tween them, in which Miletus and Samos took part. After 
the expulsion of the Pisistratidae from Athens, the Chalci- 
dians joined the Boeotians in a war against that city ; but 
the Athenians, in 506 B.C., invaded the island with a large 
force, and after a complete victory, divided the lands of 
the nobles among 4000 Athenian settlers. These, how- 
ever, retired from the island on its invasion by the Per- 
sians in 490 B.C. After the Persian war, Euboea joined 
the Athenian confederacy, and continued in that alliance 
till 445 B.C., when a general insurrection took place in 
the island against Athens. It was, however, soon re-con- 
quered and reduced to subjection by Pericles, and the 
aristocracy of Chalcis were deprived of their power. In 
411 B.C., after the disastrous end of the Athenian expedi- 
tion to Sicily, the whole of Euboea again threw off the 
Athenian yolce, and the bridge across the straits was then 
first built, in order to secure the communication with Boeo- 
tia. The island continued independent for some time, and 
joined the Theban confederacy against Sparta ; but when 
the Athenian power was again in the ascendant, the cities 
of Euboea became once more subject to her supremacy, 
and were governed by tyrants. About 350 B.C., Callias 
and Taurosthenes, joint tyrants of Chalcis, wishing to ob- 
tain the sovereignty of the whole island, asked the as- 
sistance of Philip of Macedon, who readily acceded to 
their request; but Plutarch, tyrant of Eretria, having ap- 
plied to the Athenians for aid against this attempt, they 
sent an army under Phocion, by whom the Chalcidians 
were defeated. The Macedonian party, however, still re- 
tained their power in Chalcis ; and soon the influence of 
Philip was predominant throughout the island. Owing to 
its strength and position, Chalcis was a place of much im- 
portance in the contest for the dominion of Greece which 
took place after the death of Alexander, and it was fre- 
quently taken in these wars. In later times it fell succes- 
sively into the hands of Antiochus and Mithridates and was 
finally taken and destroyed by the Romans, by whom Euboea 
was included in the province of Achaia. From this time the 
island continued undisturbed under the power of Rome, 
and under that of Constantinople after the division of the 
empire, until the Latin conquest of the East in 1204 a.d. 
At that time the island came into the hands of the Vene- 
tians, who retained possession of it till 1470, when the city 
of Negropont, as it was then called, was taken by the 
Turks, and the inhabitants cruelly massacred. In 1688 
the Venetians made an unsuccessful attempt to retake the 
town. Since the Greek revolution, Euboea has formed 
part of the modern kingdom of Greece ; and as the ancient 
appellations have been by law restored, Euboea and Chalcis 
are now the names by which the island and town are most 
commonly known. Pop. of the island (1852), 65,299; of 
the town, 5000, 

NEGRO, Rio, a river of South America, forming the 
boundary between Patagonia and the Argentine Confeder- 
ation, takes its rise in the Andes by two head-streams, 
one from the north and the other from the south, and flows 
eastward to the Atlantic, into which it falls in S. Lat 41,, 
W. Long. 62. 50., after a course of from 500 to 600 miles. 
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It is full of small islands and sand-banks ; and about the Negro, 
middle of its course it separates into two branches, which 
inclose an island of considerable size. The river is sub- . 

ject to two annual floods, one of which, in December and ^ ^ 
January, is occasioned by the melting of the snows of the 
Andes ; and the other, in June and J uly, by the heavy rains 
in the interior. The river is about 2 miles broad at its 
mouth ; but at the town of Carmen, about 16 miles from 
the sea, it does not exceed 300 yards in width. Near its 
entrance is a bar, over which there are several channels, 
some of which may be crossed by vessels drawing 11 feet 
of water. The climate of the district is healthy ; and though 
very warm in summer, ice is frequently formed between the 
months of April and July. The winds are very variable, 
and frequently violent. The principal town on the river 
is Carmen, on the north bank, with a population exceed- 
ing 1000. 

Negro, JRzo, one of the principal tributaries of the 
Amazon, rises in New Granada by two head streams, and 
flows eastwards till it falls into the Amazon, in S. Lat 3, 

16., W. Long, 59. Its principal affluents *are the Cassi- 
quiare, by which it is connected with the Orinoco, the Ca- 
babure, Padaviri, and Branco, from the N. ; and the Tomo, 

Zie, Haupes, &;c., from the S. and W. In the lower part 
of its course the river flows through a succession of lakes 
from 15 to 20 miles broad : at its junction with the Amazon 
it is about 1 J mile in breadth. The river is flooded during 
the months of August and September, when it rises about 80 
feet above its lowest level. The length is about 1000 miles. 

NEGROS, one of the Philippine Islands, lies between 
N. Lat. 9. 3. and 10. 58., and between E. Long. 122. 28. 
and 123. 29. ; being separated by narrow channels from 
the islands of, Panay on the N.W., and Zebu 'on the K. 

It is about 140 miles in length, with an average breadth of 
25 miles, and an area estimated at 3827 square miles. A 
range of mountains traverses the island from N. to S., and 
it is watered by numerous rivers. The interior is little 
known ; it contains large forests abounding in beautiful and 
valuable timber. Co&e, tobacco, and rice are cultivated ; 
and palms and cocoa-nut trees also grow on the island. 

Wax, honey, palm oil, rock-crystal, pearls, sulphur, &c., are 
among the productions of Negros. 'Fhe climate is gene- 
rally healthy; but the island is subject to earthquakes. 

The inhabitants of the interior are rude and uncivilized ; 
and there are few Spanish settlers. The governor resides 
at Timamailan, where there is a churcli and a small har- 
bour. Pop. of the island, 35,622. 

NEHEMIAH, a distinguished Jewish patriot, and author 
of the book of Scripture which bears his name, was the son 
of Hachaliah (Neh. i. 1), and brother of Hanani (vii. 2). 

His genealogy is unknown. Some think, however, that he 
was of priestly descent, because his name appears at the head 
of a list of priests in chap. x. 1-8 ; but it is obvious, from 
chap. ix. 38, that he stands there as a prince, and not m a 
priest. Others witli some probability infer, from his station 
at the Persian court, and the high commission he received, 
that he was, like Zerubbabel, of the tribe of Judah and of 
the bouse of David (Carpzov, Introduction p. i. 339). 

While Nehemiah was cup-bearer to Artaxerxes Longiiim- 
nus in the royal palace oF Shushan, 444 B.C., he learned 
the mournful and desolate condition of the ci.lony rcturm-d 
to Judaea. This filled him witli such deep concern, that 
his sad countenance revealed to the king his s<jrrow of 
heart, which induced the monardi to send him with full 
powers to rebuild the w^all of Jerusalem, and ** to seek tlie 
welfare of the children of Israel.” Nehemiah reached Je- 
rusalem B.C. 444, and remained there till n.c. 432 (v. 

14). The principal work tlien accomplisbc<l by him wm 
the repairing of the city wail, which was done in fifty 
and two days” (vi. 15), notwithstanding many disfcour- 
agements and difficulties, caused chiefly by Ssinballat, a 
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ITebemiah. Moabite of Horonaim, and Tobiah, an Ammonite, who were 
leading men in the rival and unfriendly colony of Samaria 
(iv. 1-3), as well as by certain of the Jewish people them- 
selves. Nehemiah, however, displayed great firmness, saga- 
city, and zeal ; and the completion of the wall was most 
joyously celebrated by a solemn dedication under his own 
direction (xii. 27-43). 

Having succeeded in fortifying the city, he turned his 
attention to other measures, in order to secure its good 
government and prosperity (vii. 1-3 ; xii. 44-47 ; viii. 
1-12; viii. 13-18; ix. ; x.; vii. 4; also xi. 1-19). In 
these important public proceedings, Nehemiah enjoyed 
the assistance of Ezra, who had gone up to Jerusalem a 
number of years previously. (See Ezea..) 

At the close of his successful administration Nehemiah 
returned to Babylon in the year 432 b.c., and resumed, as 
some think, his duties as royal cup-bearer. He returned, 
however, to Jerusalem, probably about 424 b.c., where 
his services became again requisite, in consequence of 
abuses that had crept in during his absence. (See Prideaux, 
i. 520 ; Jahn, Einleitung ins A, Test ii. 288 ; Winer, Real- 
worterbuch; also, Havernick, Einleitung ins A, Test ii. 
324.) The duration of this second administration, during 
which he effected many important reforms, both social and re- 
ligious, cannot be accurately determined, but it probably 
lasted ten years, namely, from 424 to 413 b.c. It is not 
unlikely that he remained at his post till about the year 
405 B.C., towards the close of the reign of Darius Nothus, 
who is mentioned in chap. xii. 22. At this time Nehe- 
miah would be between sixty and seventy years old, if we 
suppose him (as most do) to have been only between 
twenty and thirty when he first went to Jerusalem. That 
he lived to be an old man is thus quite probable from the 
sacred history. Josephus {Antiq, xi. 5, 6) states that he 
died at an advanced age ; but of the place and year of his 
death nothing is known. Besides the account in Josephus, 
there are some honourable notices of Nehemiah in the 
Apocrypha. 

Nehemiah, The Book of, was anciently connected with 
Ezra, as if it formed part of the same work (Eichhorn, 
Einleitung, ii, 627) (See Ezra.) From this circumstance 
some ancient writers were led to call this book the 2d book of 
Ezra, and even to regard ^hat learned scribe as the author 
of it (Carpzov, Introductio, &c., p. 336). There can, how- 
ever, be no reasonable doubt that it proceeded from Nehe- 
miah, for its style and spirit, except in one portion, are 
wholly unlike Ezra’s. 

The canonical character of Nehemiah’s w’ork is established 
by very ancient testimony. It is not expressly named, how- 
ever, by Melito of Sardis (a.d. 170) in his account of die 
sacred writings ; but this creates no difficulty, since he 
mentions Ezra, of which, as we have seen, Nehemiah was 
then considered a part. The work is properly a collection 
of notices of some important transactions that happened 
during the first year of Nehemiah’s government, with a few 
scraps from his later history. The contents appear to be 
arranged in chronological order, with the exception perhaps 
of ch. xii. 27-43, where the account of the dedication of the 
wall seems out of its proper place ; we might expect it ra- 
ther after ch. vii, 1-4, where the completion of the wall is 
mentioned. While the book as a whole is considered to 
have come from Nehemiah, it consists in part of compilation. 
He doubtless wrote the greater part himself, but some por- 
tions he evidently took from other works. It is allowed by 
all that he is, in the strictest sense, the author of the nar- 
rative from ch. i. to' ch. vii. 5 (Havernick, Einleitung^ ii. 
304). The account in ch. vii. 6-73 is avowedly compiled, 
for he says in ver. 5, ^ I found a register,’ Sue. This re- 
gister we actually find also in Ezra ii* 1-70 : hence it might 
be thought that our author borrowed this part firom Ezra ; 
but it is more likely, firom their obvious discrepancies, that 
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they both copied from public documents, such as the book Nehrung 
of the chronicles ” mentioned in Neb, xii, 23, which were .11 
not themselves harmonious. The exegetical helps for the 
explanation of this book are chiefly Poole’s Synopsis, Lond. 

1669-76; Jo. Clerici, Comm, in Lib. Historicos V, T., 

Amst. 1708 ; Maurer, Comment Crit. Grammat in V, T., 
vol. i., Lips. 1833; Strigelii, Scholia inNehem., Lips. 1575 ; 
and Rambach, Annotationes in Lihrum Nehemice, Halae, 

1751. 

NEHRUNG, CuRiscHE, a long strip of land in Prussia, 
in the province of East Prussia, about 60 miles in length, 
and nowhere above 3 in breadth, separating the lagoon 
called the Curische Half from the Baltic. It consists of 
sand, and is entirely barren. Several villages have been 
buried by the gradual accumulation of the sand, 

NEHEima, Frische, a similar sandy strip in West Prussia, 
between the Frische Haff and the Baltic. 

NEILGHERRIES, in Hindustan, a range of mountains 
in the presidency of Madras, situated between N. Lat. 11. 10. 
and 11. 35., E. Long. 76. 30. and 77. 10. This remarkable 
range is connected on its western side, where its summits bear 
the name of the Koondahs, with the Siadri branch of the 
Western Ghauts, here terminating in a southern face of lofty 
and perpendicular precipices, and forming the north side of 
the great Palghat valley or depression, which, extending 
east and west with a breadth of about 20 miles, affords an 
easy communication between the Carnatic and Malabar. 

The general outline of the Neilgherry group approaches to 
a triangle, having the side which may be regarded as the 
base extending nearly from N. to S., and facing Malabar ; 
its north side extending E. and W. facing Mysore ; and the 
remaining side extending from N.E. to S. W., towards the 
British district of Coimbatore. From the last-mentioned 
district, the Neilgherries rise in a vast precipitous mass to 
the height of from 5000 to 7000 feet, and the aggregate 
of the group is popularly divided into three ranges, — the 
Neddimullah on the N., the Koondah on the S., and the 
central or principal range, rising to the summit of Doda- 
betta, the highest in the group, and having an elevation of 
8760 feet above the level of the sea, being the greatest in 
India south of the Himalaya, Owing to the great eleva- 
tion of the various summits, and the consequent rarefaction 
of its atmosphere, the district, although distant only 11® 
from the equator, enjoys a climate famed for its salubrity, 
and the remarkable evenness of its seasons. The tempera- 
ture, which falls in the coldest month of the year to the 
freezing point, seldom in the hottest reaches 75° in the 
shade. The great importance of this group lies in its sana- 
tory stations for the re-establishment of health in those who 
have suffered from the heat of the climate in less elevated 
regions. The principal of these stations is Ootacamund, 
the two minor ones Coonoor and Kotageri. This tract of 
territory was transferred to the British on the downfall of 
Tippoo Sultan in 1 799. (R. Baikie’s Neilgherries.) 

NEILSTON, a village and parish of Scotland, in the 
county of Renfrew, is situated on the Levern, 4 miles S. of 
Paisley, and 9 W.S.W. of Glasgow. It has an Established, 
a Free, and a United Presbyterian church, several schools, 
and a mechanics’ institute. There are here also cotton- 
mills and bleachfields ; and four fairs are held annually. 

Pop. (1851) of village, 2075 ; of parish, 12,233. 

NEISSE, a town of Prussia, province of Silesia, on both 
sides of a river of the same name, 47 miles S.S.E. of Bres- 
lau. It is well built, surrounded by walls, and strongly 
fortified. There are three gates ; and the town contains 
several fine public buildings. The episcopal palace is an 
ancient edifice, and is memorable for the meeting between 
Frederic II. and the Emperor Joseph II., which took place 
here in 1769. There are also two Protestant and several 
Roman Catholic churches, a grammar school, an industrial 
school, two hospitals, an establishment for superannuated 
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ISTejin Roman Catholic priests, large powder-mills, barracks, and 
il arsenals. Cotton is manufactured here, and a considerable 

Nelson, trade is carried on in yarn and building stone. A weekly 
market for yarn, and an annual fair, are held here. Pop, 
(1849), 17,164. 

NEJIN, or Nieshin, a town of Russia, in the govern- 
ment of Tchernigov, stands on the Oster, 49 miles S.E. of 
Tchernigov, and 475 S. W. of Moscow. It is well built, and 
surrounded by earthen ramparts ; and contains a castle, 
a cathedral, numerous other clmrches, a convent, a 
school, and an hospital. There are manufactures of soap, 
leather, silks, perfumes, confectionary, liqueurs^ &c. The 
town has also a considerable trade, the intercourse between 
the ports on the Baltic and Moldavia, Wallachia, and the 
Crimea being carried on through it. Three annual fairs are 
held here, and largely attended. Pop. (1849) 17,981. 

NEKO, or Necho, a king of Egypt who flourished in 
the fifth century b.c. (See Egypt.) 

NELLORE, in Hindustan, a town within the presi- 
dency of Madras, on the right bank of the River Penna, 18 
miles from the spot where it falls into the Bay of Bengal. 
The town is irregularly built, and in places rather crowded 
and confined ; but there are some good streets occupied by 
the better classes, and on the whole, for a native town, it is 
tolerably clean and airy. The population is estimated at 
20,000; distant N. from Madras 100 miles; N. Lat, 14. 
27., E. Long. 80. 2. The British district, of which this town 
is the chief place, is bounded on the N. by Guntoor, on the 
E. by the Bay of Bengal, on the S. by Arcot, and on the 
W. by Cuddapah. It lies between N. Lat. 13. 55. and 16., 
E. Long. 79. 8. and 80. 21. The area, according to oflScial 
return, is 7930 square miles, and the population 935,690. 

NELSON, Horatio, Lord Viscount, the son of Ed- 
mund and Catherine Nelson, was born on the 29th of 
September 1758, at the parsonage-house of Burnham- 
Thorpe, a village in the county of Norfolk, of which his 
father was rector. The maiden name of his mother was 
Suckling; her grandmother was an elder sister of Sir 
Robert Walpole, and the subject of this notice was named 
after the first Earl of Orford. Mrs Nelson died in 1767, 
leaving eight out of eleven children. Upon this occasion 
her brother, Captain Maurice Suckling, of the navy, visited 
Mr Nelson, and promised to take care of one of the boys. 
Three years afterwards, when Horatio was only twelve 
years of age, and with a constitution naturally weak, he 
applied to his father for permission to go to sea with his 
' uncle, recently appointed to the Raisonnable of sixty-four 
guns. The uncle was accordingly written to, and gave a 
reluctant consent to the proposal. “ What,” said he, in 
reply, ** has poor Horatio done, who is so weak, that he 
should be sent to rough it out at sea ? But let him come ; 
and the first time we go into action a cannon-ball may 
knock off his head, and provide for him at once.” The 
Raisonnable, on board of which be was now placed as a 
midshipman, was soon afterwards paid off, and Captain 
Suckling removed to the T riumph, of seventy-four guns, then 
stationed as a guard-ship in the Thames. This, liowever, 
was considered as too inactive a life for a boy, and Nelson 
was therefore sent a voyage to the West Indies in a mer- 
chant ship, “ From this voyage I returned,” he tells us in 
his Sketch of my Life, “ to the Triumph at Chatham in July 
, 1772 ; and if I did not improve in my education, I returned a 
practical seaman, with a horror of the royal navy, and with 
a saying then constant with the seamen, ‘ Aft, the most 
honour ; forward, the better man.*” While in connection 
with this guardship, he had the opportunity of becoming 
a skilful pilot, an acquirement which he afterwards had 
frequent occasion to turn to account. 

Not many montlis after his return, his inherent love of 
enterprise was excited by hearing that two ships were fit- 
ting out for a voyage of discovery towards the North Pole. 
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From the difficulties expected on such service, these vessels Nelson, 
were to take out none but effective men, instead of the 
usual number of boys. This, however, did not deter Nel- 
son from soliciting to be received, and by his uncle’s in- 
terest he was admitted as cockswain under Captain Lut- 
widge, the second in command. The voyage was under- 
taken in consequence of an application from the Royal 
Society; and the Honourable Captain John C. Phipps, 
eldest son of Lord Mulgrave, volunteered his services to 
command the expedition. The Racehorse and Carcass, 
bombs, were selected as the strongest ships, and the expedi- 
tion sailed from the Nore on the 4th of June 1773, and re- 
turned to England in October. During this voyage Nel- 
son gave several indications of that daring and fearless 
spirit which ever afterwards distinguished him. 

The ships were paid off shortly after their return, and 
the youth was then placed by his uncle with Captain Far- 
mer in the Seahorse, of twenty guns, which was about 
to sail for the East Indies in the squadron of Sir Ed- 
ward Hughes. In this ship he was rated as a midshipman, 
and attracted attention by his general good conduct. 

But when he had been about eighteen months in India, 
he felt the effects of the climate of that country, so peril- 
ous to European constitutions, and became so enfeebled 
by disease that he lost for a time the use of his limbs, 
and was brought almost to the brink of tlte grave. He 
embarked for England in the Dolphin, Captain Pigot, 
with a body broken down by sickness, and spirits which 
had sunk with his strength. But his health materially 
improved during the voyage, and his native air speedily 
repaired the injury it had sustained. On the 8th of April 
1777 he passed, with much credit to himself, bis examina- 
tion for a lieutenancy, and next day received his commission 
as second lieutenant of the Lowestoffe, of thirty-two guns, 
then fitting out for Jamaica. In this frigate he cruised 
against the American and French privateers which were at 
that time harassing our trade in the West Indies ; distin- 
guished himself on various occasions by hi.s activity and 
enterprise ; and formed a friendship with his captain, Locker, 
of the Lowestoffe, which continued during his life. Having 
been warmly recommended to Sir Peter Parker, the conw 
mander-in-chief upon that station, he was removed into the 
Bristol flag-sliip, and soon afterwanfs became first lieuten- 
ant. On the 8th of December 1788 he w'as apijointed 
commander of the Badger brig, in which he rendered im- 
portant assistance in rescuing the crew of the Glasgow, 
when that ship was accidentally set on fire in Montego Bay, 
Jamaica. On the 11th of June 1799 he obtained the muk 
of post-captain, and with it the command of the Hliichiti- 
brook of twenty-eight guns. As Count d’Estatng, with a 
fleet of 125 sail, men-of-war and transports, and a reputed 
force of 25,000 men, now threatened Jamaica from St Do- 
mingo, Nelson offered his services to the admiral and 
governor-general, Dalling, and was appointed to command 
the batteries of Fort-Charles at Port- Royal, tlie moat im- 
portant post in the island. D’Estaitjg, however, atten»pted 
nothing with tliis formidable armament, and the Britisfi 
general was tlius left to execute a design which he had 
formed against the Spanish colonies. This project was to 
take Fort San Juan, situated upon the river of that name, 
which flows from Lake Nicaragua into the Gulf of Mexico ; 
to make himself master of the lake itself^ and of the cities 
of Granada and Leon ; and thus to cut off the communi- 
cation between the northern and southern jiosjie.'isians of 
Spain in America. Nelson was ap{)ointed to the comnmnd 
of the naval department, and distinguished himself greatly 
in the siege of Fort San Juan and in taking the tmxid of 
St Bartolomeo. Pestilence, however, deciinated die crew of 
the Hinchinbrook ; and her gallant young commander, pros- 
trated by sickness, was compelled "to return to England* 

He was taken home in the Lyon, by Captain, afterwards 
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Kelson. Admiral, Cornwallis, to whose care and kindness he believed 
himself indebted for the preservation of his life. In three 
months, however, his health was so far re-established that 
he applied for employment ; and being appointed to the 
Albemarle, of twenty-eight guns, he was sent to the North 
Seas, and kept there cruising during the whole winter, 
which he did not at all relish. In this cruise, however, he 
gained a considerable knowledge of the Danish coast and 
its soundings. On his return he was ordered to Quebec, 
and during the voyage the Albemarle had a narrow escape 
from four French sail of the line and a frigate, which, having 
come out of Boston, gave chase to her. Confiding in his 
own skill and pilotage, Nelson, perceiving that they gained 
on him, boldly ran among the numerous shoals of St 
George’s Bank, and thus escaped. In October 1782 he 
sailed from Quebec with a convoy of transports for New 
York, where he joined Lord Hood, and accompanied him to 
the West Indies. At the peace of 1783, the Albemarle 
returned to England, and was paid off. 

After his arrival in England, Nelson, finding it prudent 
to economtee his half-pay during the peace, went to St 
Omer, where he remained till the spring of the following 
year. On his return, he was appointed to the Boreas, of 
twenty-eight guns, which had been ordered to the Leeward 
Islands as a cruiser. Whilst on this station, where he found 
himself senior captain, and consequently second in com- 
mand, he evinced the utmost zeal and activity in protecting 
British interests, and in causing the Navigation Act to be 
respected, especially by the Americans, who had attempted, 
under various pretences, to establish an independent com- 
merce with the West India Islands ; a line of conduct which 
involved him in much trouble, without procuring him re- 
ward or even acknowledgment — the thanks of the Treasury 
having been transmitted to the commander-in-chief, who 
had thwarted instead of encouraging him in the discharge 
of an arduous and important duty. On the 11th of March 
1787, Nelson married the widow of Dr Nisbet, a physician, 
and daughter of Herbert, the president of the island of 
Nevis. The Boreas returned to England in June, but was 
not paid off till the end of November, having been kept 
nearly five months at the Nore as a slop and receiving ship. 
Nelson was still in a very precarious state of health ; and 
this treatment, whether proceeding from intention or ne- 
glect, excited in his mind the strongest indignation. His 
resentment, however, was appeased by the favourable re- 
ception which he met with at court, when presented to his 
Majesty by Lord Howe ; and having fully explained to that 
nobleman the grounds upon which he had acted, he retired 
to enjoy the pleasures of domestic happiness at the parson- 
age-house at Burnham- Thorpe, which his father had given 
him as a residence. But the vexatious affair of the Ame- 
rican captures was not yet terminated. He was harassed 
with threats of prosecution, and, in his absence on some 
business, a writ or notification was served on his wife, upon 
the part of the American captains, who now laid their dam- 
ages at L.20,000. When presented with this paper, his 
indignation was excessive ; and he immediately wrote to 
the Treasury, that unless he was supported by government 
he would leave the country. “ If sixpence would save me 
from prosecution,” said he, I would not give it.” The 
answer he received, however, quieted his fears ; be was told 
to be under no apprehension, for he would assuredly be 
supported ; and here his disquietude upon this subject seems 
to have ended. 

At the commencement of the French war, it was judged 
expedient again to employ Nelson; and on the 30th of 
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J anuary 1 793 he was appointed to the Agamemnon, of sixty- Kelson, 
four guns, and placed under the orders of Lord Hood, then 
holding the chief command in the Mediterranean fleet. 

Being sent to Corsica with a small squadron, to co-operate 
with Paoli and the party opposed to France, he undertook 
the siege of Bastia, and in a short time reduced it. The 
place capitulated on the 19th of May 1794. He next pro- 
ceeded in the Agamemnon to co-operate with General Sir 
Charles Stuart in the siege of Calvi. Here Nelson had 
less responsibility than at Bastia ; he was acting with a man 
after his own heart, who slept every night in the advanced 
battery. Here Nelson received a serious injury. A shot 
having struck the ground near him, drove the sand and small 
gravel into one of his eyes. He spoke of it lightly at the 
time, and in fact suffered it to confine him only one day ; 
but the sight of the eye was nevertheless lost. After the 
fall of Calvi his services were, by a strange omission, alto- 
gether overlooked, and his name was not even mentioned in 
the list of wounded. Nelson felt himself not only ne- 
glected, but wronged. They have not done me justice,” 
said he ; “ but never mind, I’ll have a gazette of my own.” 

And on another occasion the same second-sight of glory 
led him to predict that one day or other he would have a 
long gazette to himself. I feel,” said he, “ that such an 
opportunity will be given me. If I am in the field of glory, 

I cannot be kept out of sight.” 

Lord Hood now returned to England, and the command 
devolved upon Admiral Hotham. Tuscany had now con- 
cluded peace with France ; Corsica was in danger ; Genoa 
was threatened ; and the French, who had not yet been 
taught to feel their inferiority upon the seas, openly braved 
us on that element. Having a superior fleet in the Medi- 
terranean, they now sent it out with express orders to seek 
the English and engage them. In the action which fol- 
lowed between the English fleet under Admiral Hotham, 
and that which had come out from Toulon, Nelson greatly 
distinguished himself, mancBUvring and fighting his ship 
with equal ability and determination ; and when the action 
was renewed the following day, he had the honour of hoist- 
ing the English colours on board of the Ca Ira and the 
Censeur, which both struck to him, and were the only ships 
of the enemy taken on that occasion.^ About this time 
Nelson was made colonel of mai’ines, a mark of approba- 
tion which he had rather wished for than expected ; and 
soon afterwards the Agamemnon was ordered to Genoa to 
co-operate with the Austrian and Sardinian forces. This 
was indeed a new line of service, imposing multifarious 
duties, and involving great responsibility ; yet it was also 
one for which Nelson had already evinced a singular apti- 
tude, and in which, had he been at all seconded by the land 
forces, his assistance would have led to important results. 

Through the gross misconduct, however, of the Austrian 
general, Devins, the allies were completely defeated by an 
army of boys, and the French obtained possession of the 
Genoese coast from Savona to Voltri, thus intercepting tlie 
direct communication between the Austrian army and the 
English fleet. After this disgraceful affair, the Agamem- 
non was recalled, and sailed for Leghorn to refit, being 
literally riddled with shot, and having all her masts and 
yards seriously damaged. 

Sir John Jervis having arrived to take the command in 
the Mediterranean, Nelson sailed from Leghorn in the Aga- 
memnon, which had now been repaired, and joined the 
admiral in St Fiorenzo Bay. When the French took pos- 
session of Leghorn, he blockaded that port, and landed a 
force in the Isle of Elba to secure Porto Ferrajo. Soon 


^ Kelson urged the admiral to pursue the enemy, and follow up his advantage to the utmost; hut the latter replied, “ We must be 
contented ; we have done very well.” The captain of the Agamemnon did not understand such timid reasoning. ** Had we taken ten 
sail,” said he, and allowed the eleventh to escape when it had been possible to have got at her, I could never have called it well done.” 
He adds, that if his advice had been followed, they would have had such a day as the annals of England never produced. 
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ITelson. afterwards he took the island of Capraja ; and the British 
cabinet having resolved to evacuate Corsica, he ably per- 
formed this humiliating service. He was then ordered to 
hoist his broad pennant on board of the Minerve frigate, 
Captain George Cockburn, and to proceed with the Blanche 
to Porto Ferrajo, and bring away the troops and stores left 
at that place. On his way tliitlier he fell in with two Span- 
ish frigates, the Sabina and Ceres, the former of which, 
after an action of three hours, during which the Spaniards 
lost 164 men, struck to the Minerve. The Ceres, however, 
had got off from the Blanche ; and as the prisoners had 
hardly been conveyed on board of the Minerve when ano- 
ther eneiny^s frigate came up, Nelson was compelled to 
cast off the prize and, go a second time into action. But 
after a short trial of strength, this new antagonist wore and 
hauled off; and as a Spanish squadron of two sail of the 
line and two frigates now came in sight, the commodore 
made all sail for Porto Ferrajo, whence he soon returned 
with a convoy to Gibraltar. Off the mouth of the Straits 
he fell in with the Spanish fleet, and reaching the station 
off Cape St Vincent on the 13th of February 1797, he 
communicated this intelligence to Sir John Jervis, by whom 
he was now directed to shift his broad pennant on board 
the Captain, of seventy-four guns. Before sunset die signal 
was made to prepare for action, and to keep in close order 
during the night ; and at daybreak on the 14th the enemy 
were in sight. The British force consisted of two ships of 
100 guns, two of 98, two of 90, eight of 74, and one of 64, 
with four frigates, a sloop, and a cutter ; the Spaniards had 
one ship of 136 guns, six of 1 12 guns each, two of 84, and 
eighteen of 74, with ten frigates and a brig. The admiral, 
Sir John Jervis, made signal to tack in succession. Nel- 
son, whose station was in the rear of the British line, per- 
ceiving that the Spaniards were bearing up before the wind, 
with an intention of forming line and joining their separated 
ships, or of avoiding an engagement, disobeyed the signal 
without a moment’s hesitation, and ordered his ship to be 
wore. This at once brought him into action with seven of 
the enemy’s ships, four of which were first-rates. After a 
desperate conflict, in which Nelson was nobly supported 
by Troubridge in the Culloden and by Collingwood in 
the Excellent, the Salvador del Mundo and San Isidro 
dropped astern, and the San Josef fell on board the San 
Nicolas. The Captain being now incapable of further 
service, either in the line or in chase, Nelson directed 
the helm to be put a-starboard, and calling the boarders, 
ordered them to board. The San Nicolas was carried after 
a short struggle, Nelson himself boarding her through the 
cabin windows. The San Josef was instantly boarded from 
the San Nicolas, the gallant little commodore leading the 
way, and exclaiming, “Westminster Abbey or victory!” 
This was the work of an instant ; but before Nelson could 
reach the quarter-deck of the Spanish ship, an officer looked 
over the rail and said they surrendered. This daring 
achievement was effected with comparatively small loss, 
and Nelson himself received only a few bruises. The 
Captain, however, had suffered severely in the action. She 
had lost her fore-topmast ; not a sail, shroud, nor rope was 
left ; her wheel had been shot away ; and a fourth part of 
the loss sustained by the whole squadron had fallen upon 
that single ship. As soon as the action was discontinued. 
Nelson went on board the admiral’s ship. Sir John Jervis 
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received him with open arms, and said he could not suffi- Nelson, 
ciently thank him. For this victory the commander-in-chief 
was rewarded with a peerage and the title of Earl St Vin- 
cent ; whilst Nelson, who, before the action was known in 
England, had been advanced to the rank of rear-admiral, . 
was knighted, and received the insignia of the Bath, and a • 
gold medal from his sovereign. 

In April 1797 Sir Horatio Nelson, having hoisted his 
flag as rear-admiral of the blue, was sent to bring away the 
troops from Porto Ferrajo ; and having performed this ser- 
vice, he shifted his flag to the Theseus, a ship which had 
taken part in the mutiny in England. Whilst in the The- 
seus he was employed in the command of the inner 
squadron at the blockade of Cadiz. During this service 
his personal courage was eminently signalized In a night 
attack upon the Spanish gun-boats (3d July 1797), his 
barge was assailed by an armed launch, carrying twenty- 
six men, whilst he had with him only the usual comple- 
ment of ten men and the cockswain, besides Captain 
Freemantle- After a severe conflict, hand to hand, eigh- 
teen of the enemy were killed, all the rest wounded, and 
the launch taken. Twelve days after this rencontre, Nel- 
son sailed at the head of an expedition against Teneriffe. 

It having been ascertained that a homeward-bound Ma- 
nilla ship had recently put into Santa Cruz, the ex}>edition 
was undertaken in the hope of capturing tliis rich prize. 

But it was not fitted out upon the scale which Nelson had 
proposed; no troops were embarked; and although the 
attack was made with great intrepidity, the attempt felled. 

The boats of the squadron being manned, a landing was 
effected early in the night, and Santa Cruz taken and occu- 
pied for about seven hours ; but the assailants, finding it 
impracticable to storm the citadel, were obliged to prepare 
for retreat, which they effected without molestation, agree- 
ably to stipulations which had been made with the Spanish 
governor by Captain Troubridge, whose firniness and pre- 
sence of mind were conspicuously displayed on this 
occasion. The total loss of the English in killed, wounded, 
and drowned, amounted to 250. Nehon himself was 
amongst the wounded, having, in stepping out of the boat to 
land, received a shot through the right elbow', which 
shattered the whole arm, and rendered amputation neces- 
sary. Nelson was now obliged to return to England, where 
honours awaited him sufficient to cheer his mind amidst 
the sufferings occasioned by the loss of his arm. I>ettera 
were addressed to him by the first lord of the Admiralty 
and the Duke of Clarence ; the freedom of the cities of* 

London and Bristol was transmitted to him ; he was in- 
vested with tlie Order of the Bath ; and he also received a 
pension of L.IOOO a yearJ His sufferings from tlm lost 
limb, however, were long and painful. In April 1798 he 
had so far recovered, however, as to hoist his nag on t>oard 
the Vanguard, and was ordered to rejoin Earl St Vincent, 
Immediately on his arrival, he was despatched to tlm Me- 
diterranean with a small squadron, to ascertain, if jjossible, 
the object of the great expedition which was then fitting 
out at Toulon. He sailed from Gibraltar on the 9th of 
May for the Mediterranean, with three seventy-fours, four 
frigates, and a sloop of war. On the 19th die s(|uadron 
reached the Gulf of Lyons ; and on the 22d a violent storm 
inflicted very serious injury on the Vanguard ; but afer 
extraordinary exertions, the Vanguard was refitted in four 


^ The memorial which, as a matter of course, he was called upon to present on this occasion, exhibited hn extraordinary of 

services performed during the war. It is dated “ October 1797,’^ and addressed to the King’s most excellent Majesty/’ U statea, that 
he had beein in four actions with the fleets of the enemy, and in three actions with frigates, in six engagements against batter!^, In tan 
actions m boats employed in cutting vessels out of harbour or in destroying them, and in taking three towns ; that he had served o» 
shore with the army four months, and commanded the batteries at the sieges of Bastia and Calvi ; that he h«»I assisted at Sie capture ot 
seven sail of the line, six frigates, four corvettes, and eleven privateers of different sizes; that he had taken and destroyed nearly fifty 
sail of merchant-vesseb, and had actually been engaged against the enemy upwards of one hundred and twenty timea; ia wideh ser- 
vices he had lost his right eye and right arm, and had been severely wounded and bruised in his body. This memorial alone, apart 
from the splendid additions which he afterwards made to it, is perhaps without a parallel in our naval history. 
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Nelson, days, and he received a reinforcement of ten ships of the ten minutes after nine o’clock when the fire broke out in 
lineandoneoffifty guns, under the command of Commodore L’Orient. Brueys was dead. He had received three 
Troubridge. Baffled in his attempts to get sight of the wounds, yet would not leave his post ; and when a fourth 
French fleet, he kept scouring the Mediterranean waters cut him almost in two, he desired to be left to die upon deck, 
under a press of sail night and day for nearly two months, In the meanwhile the flames soon mastered the devoted 
till, on the 1st of August 1798, he came in -sight of Alex- ship, and by the light of the conflagration, the situation of 
andria, and at four in the afternoon descried the French both fleets could be perceived, their colours being clearly 
fleet. For several days previous to this the admiral had distinguishable* About ten o’clock the ship blew up with 
scarcely taken either food or sleep. He now ordered his a tremendous explosion, which was followed by a pause 
dinner to be served, whilst preparations were making for not less awful. The firing immediately ceased ; and the 
battle ; and when his officers rose from table tp repair first sound which broke the silence was the dash of her 
to their several stations, he said to them, “ Before this shattered masts and yards falling into the water from the 
time to-morrow I shall have gained a peerage, or West- vast height to which they had been projected by the explo- 
minster Abbey.” sion.* The combat recommenced with the ships to lee- 

Brueys, the admiral of the French fleet, had moored his ward of the centre, and continued till about three in the 
ships in Aboukir Bay, in a strong and compact line of morning. Of thirteen sail of the line, nine were taken two 
battle ; the headmost vessel being close to a shoal on the burnt, and two escaped ; and of four frigates, one^ was 
north-west, and the rest of the fleet forming a kind of curve burnt and another sunk. In short, it was a conquest rather 
along the line of deep water, so as not to be turned by any than a victory. The French fleet had been annihi- 
means on the south-west. The advantage of numbers, lated ; and if the English admiral had been provided with 
both in ships, guns, and men, was in favour of the French, small craft, nothing could have prevented the destruc- 
They had thirteen ships of the line and four frigates, car- tion of tlie store-ships and transports in the harbour of 
rying 1196 guns, and 11,230 men. The English had the Alexandria. 

same number of ships of the line, and one 50-gun ship, Nelson was now at the very summit of glory. Congra- 
carrying in all 1012 guns and 8068 men. The English tulations, rewards, and honours were showered upon him 
ships were all seventy-fours ; the French had three 80-gun by all the foreign states and powers to which his victory 
ships, and one three-decker of 120 guns. Nelson, accord- promised a respite from French aggression. In his own 
ing to the preconceived plan of attack, resolved to keep country he was created Baron Nelson of the Nile and of 
entirely on the outer side of the French line, and to station Burnham- Thorpe, with a pension of I..2000 a year for his 
his ships, as far as he was able, one on the outer bow, and own life and those of his two immediate successors. A 
another on the outer quarter, of each of the enemy’s, thus grant of L.10,000 was voted to Nelson by the East India 
doubling on a certain portion of their line.^ The battle Company ; the Turkish company presented him with a 
commenced at half-past six o’clock, a little before sunset piece of plate ; the city of London bestowed honorary 
As the squadron advanced, the enemy opened a steady fire swords on the admiral and his captains ; and the thanks of 
from the starboard side of their line into the bows of the the Parliament and gold medals were voted to him and to 
leading British ships. It was received in silence, whilst the all the captains engaged in the action. In the distribution 
men on board of each ship were employed aloft in furling of rewards he was particularly anxious that the captain 
the sails, and below in tending the braces and making and first lieutenant of the Culloden should not be passed 
ready for anchoring ; a proceeding which told the enemy over because of their misfortune. It was Troubridge,” 
that escape was impossible. Four ships of the British said he, in addressing the Admiralty, who equipped the 
squadron, having been detached previously to the discovery squadron so soon at Syracuse ; it was Troubridge who ex- 
of the French fleet, were at a considerable distance when erted himself for me, after the action; it was Troubridge 
the battle commenced, and on coming up, the Culloden, who saved the Culloden, where none that I know in the 
the foremost of these ships, suddenly grounded in the dark- service would have attempted it.” 

ness, and, notwithstanding the greatest exertions, could Having made the necessary arrangements in regard to the 

not be got off in time to bear a part in the action. The prizes, and left a squadron before Alexandria, Nelson stood 
first two ships of the French line had been dismasted out to sea on the seventeenth day after the battle, and early 
within a quarter of an hour after the commencement of the on the 22d of September appeared in sight of Naples, where 
action ; and the others had suffered so severely that victory the Culloden and Alexander had preceded him, and given 
was already certain. At half-past eight o’clock the third, notice of his approach. Here he was received with every 
fourth, and fifth were taken possession of. In the mean- demonstration of joy and triumph, both by the royal family 
time Nelson had received a severe wound on the head from and the people ; and it was here he formed that unfortunate 
a langridge shot, which cut a large flap of skin from the connection with Lady Hamilton which exercised so baneful 
forehead, and occasioned such an effusion of blood that the an influence on the rest of his life. The state of Naples 
injury was at first believed to be mortal. But when the at this period was deplorable. The king, like the rest of 
surgeon came to examine the wound, he found that the his race, was passionately fond of field sports, and cared for 
hurt was merely superficial, and requested that the admiral almost nothing else. The queen had all the vices of the 
would remain quiet. Nelson, however, could not rest. House of Austria, with little to mitigate and nothing to 
and having called for his secretary, had begun to dictate his ennoble them. The people were sunk in ignorance, and 
despatches when suddenly a cry was heard upon deck debasedbymisgovernment; at once turbulent and cowardly, 
that L’Orient was on fire. In the confusion, he found Kis ferocious and indolent, irreligious and fanatical. Nelson was 
way up unassisted and unnoticed, and having appeared fully sensible of the depravity and weakness of all by whom 
on the quarter-deck, immediately gave orders that boats he was surrounded ; yet, seduced by the blandishments of 
should be sent to the relief of the enemy. It was about the queen, the flatteries of the com*t, and the pernicious 


Nelson. 


. 1 A claim bas been more than once put forward on behalf of Captain Foley of the Goliath (afterwards Admiral Sir Thomas Foley, 
G.C.B.), as bavfng the merit of suggesting this mode of attack ; but after carefully examining the evidence brought forward in support 
of this claim, Sir N. Harris Nicolas, in his edition of Nelson’s JDispatches, vol. iii,, p. 62, &c., is inclined to think that it is unfounded. 

® To remind the sea-king of his mortality amid the torrents of praise and adulation which were poured upon him after the victory, 
an eccentric idea occurred to Captaia Hallowell of the Swiftsure, of presenting his chief with a coffin made of part of L’Orient’s main- 
mast. Nelson set great store by this present, and was actually buried, as the gallant captain of the Swiftsure desired, ‘‘ in one of his 
own trophies.” (Nelson’s JHsjpatcTies, &Ci, by Sir N. H. Nicolas, vol. iii., p. 88, &c.) 
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Kelson, influence which Lady Hamilton now began to exercise over 
his mind, he suffered himself to be implicated in transac- 
tions which, to say the least of it, were not calculated to 
bring honour to his country, or to heighten his own 
The defeat of Mack at Castellana, and the advance of the 
French towards Naples, were followed by the flight of the 
royal family, who were conveyed by Nelson to Palermo. 
After this an armistice was signed (10th of January 1799), 
by which the greater part of the kingdom was given up to 
the enemy ; and this cession necessarily led to the loss of the 
whole, Naples was occupied by the French under Cham- 
pionnet, and the short-lived Parthenopean republic soon 
afterwards established. But the successes of the allies in 
Italy speedily changed the face of affairs, and prepared the 
way for the restoration of the exiled monarch. 

Relying on the diminished numbers of the enemy, whose 
force had been greatly reduced, tlie royalists took the field, 
and Cardinal Ruffo appeared at the head of an armed rab- 
ble, which he called the Christian army. Captain Foote, 
in the Seahorse, with some Neapolitan frigates, and a few 
smaller vessels, was ordered to co-operate with this force, 
and to give it all the assistance in his power. Ruffo, ad- 
vancing without any plan, but ready to take advantage of 
any accident which might occur, now approached Naples. 
Fort St Elmo, which commands the city, was garrisoned by 
French troops ; but the castles of Uovo and Nuovo, com- 
manding the anchorage, were chiefly defended by the 
Neapolitan ‘‘patriots,” the leading men amongst them 
having taken shelter there. As the possession of these 
castles would greatly facilitate the reduction of Fort St 
Elmo, Ruffo proposed to the garrison to capitulate, on con- 
dition that their persons and property should be respected, 
and that they should at their own option, either be sent to 
Toulon or remain at Naples, without being molested in their 
persons. These terms were accepted, and the capitulation 
was signed by the cardinal, the Russian and Turkish com- 
manders, and also by Captain Foote as commanding the 
British force* But Nelson, who soon afterwards arrived in 
the bay with a large fleet, made a signal to annul the treaty, 
declaring that he would grant to rebels no other terms tlian 
those of unconditional submission ; and notwithstanding 
the strenuous opposition of the cardinal, the garrisons of 
the castles were delivered over as rebels to the vengeance 
of the Sicilian court. This questionable transaction was 
followed by the execution of Caraccioli. 'this aged prince, 
a man who hitherto had borne a high character, and who 
was a commodore in the Neapolitan navy, had, from some 
motive or other, joined * the enemy j and after being tried 
by a court-martial of Neapolitan officers, assembled on 
board the British flag-ship, was found guilty, and sen- 
tenced to death. This sentence Lord Nelson ordered to be 
carried into execution the same evening, on board of the 
Sicilian frigate La Minerva. As a reward for these services, 
which have, in the judgment of many, left a blot on the 
scutcheon of the great admiral, Nelson received from the 
Sicilian court a sword splendidly enriched with diamonds, 
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in addition to the dukedom of Bronte, with a domain Kelson, 
worth about L.SOOO a year.^ ^ 

After the appointment of Lord -Keith to the chief com- 
mand of the fleet in the Mediterranean, Nelson was so 
deeply mortified that he made preparations for his return ’ 
to England ; and, as a ship could not be spared to convey 
him thither, he travelled through Germany to Hamburg, 
in company with Sir William and Lady Hamilton, and 
having embarked at Cuxhaven, landed at Yarmouth on 
the 6th of November 1800, after an absence of three years 
from bis native country. He was welcomed in England 
with every mark of popular respect and admiration ; in the 
towns through whicli he passed the people came out to 
meet him, and in London he was feasted by the city, drawn 
by the populace, thanked for his victory by the Common 
Council, and presented with a gold-hilted sword studded 
with diamonds. He had now every earthly blessing except 
domestic happiness, which, in consequence of his infatuated 
attachment to Lady Hamilton, he had forfeited for over. 

Before he had been three months in England he separated 
from Lady Nelson, after much uneasiness and recrimina- 
tion on both sides. On taking final leave of her, on 13th 
January 1801, he emphatically said ** I call God to witness 
there is nothing in you or your conduct I wish otherwise.'^ 

His best friends remonstrated afminst this causeless and 
cruel desertion ; but their expostulations produced no other 
effect than to make him displeased with them, and dissatis- 
fied with himself. 

The three northern courts of Denmark, Sweden, aitd 
Russia, bad now formed a confederacy for the purnosc of 
setting limits to the naval pretensions of Great Britain ; 
and as such a combination, under the influence of Prance, 
would soon have become formidable, the British t‘al)inet 
instantly prepared to crush it. With this view a formidable 
fleet was fitted out for the North Seaj*, and the chief com- 
mand of it given to Sir Hyde Parker ; under whom Nelson, 
who had recently been made vice-admiral of the blue, con- 
sented to serve as second in command. I1ic fleet sailed 
from Yarmouth on the 12th of March 1801 ; and on the 
30th of the same month, Lord Nelson, having shifted hb 
flag from the St CJeorge to the Elephant, led tlte way through 
the Sound, wbich was passed wiilujut any loss. The Dartes 
had made every preparation for a ilelerminetl resistance. 

Besides, the navigation was tittle known and extremely 
intricate ; all the buoys had been removed ; the channel was 
considered as itnpracticable for so large a fleet ; and in a 
council of war, held on board of the flag-ship, cmmiderable 
diversity of opinbn prevailed. Neliion, however, cut ihort 
the discussion by offering his services for the attack, requir- 
ing only ten sail of the line and the whole of the smaller 
emft. Sir Hyde Parker assented, but gave him two more 
Ixne-of-battle ships than he had asked, and left everything 
to his own judgment. On die morning of die 1st of April, 
the whole fleet moved to an ancFtorage within two leagues of 
the town ; and about one o'clock Nef$on, having completed 
his last examination of the ground, made the signal to weigh, 


^ In connection with this whole matter, the heaviest accusations have been again and again brought against Kelson. Ho has been 
occused of treachery,” in annulling the treaty of capitulation, and of “ murder ” in the execution of Franceso Caraccioli. The etiUrt 
question has been subjected to a minute and careful examination by Sir K* Harris Kicolas, in an Appendix to the third volume of his 
, edition of Kelson’s Lispatchesj where he endeavours to mitigate or remove the weighty charges brought against the brave admiral. The 
impression left upon the mind of the reader by the vast amount of evidence therein accunutlated is, that while Kelson wa» possibly 
wrong in suspending the capitulation, even although its conditions were not executed, nevertheless, “ the intentions and 
use the words of Lord Spencer, then first lord of the Admiralty, and a statesman of great humanity of character, ** by which all bis 
measures were governed, were as pure and good as their success was complete.” Nelson believed at the time that he acted correctly, and 
retained the same opinion to the end of his life. It must, however, continue to be deeply regretted that he should have seen it bh duty 
to suspend the treaty, as often as the dark consequences are contemplated which ensued after the rebels were haiidt^d over to the Neapo- 
htan authorities. With respect, again, to the execution of the old Neapolitan commodore, who commanded the n^publlcan gunboats, and 
fired upon the Keapolitan frigate, Sir Harris prqnounces it as his deliberate opinion, in view of all the evidence of the case, that ** It is 
^disputable timt Caraccioli, and the other Kea^litans whe fought against those forces, had, according lo the law of every ftallon In 
Europe, committed Ugh treason of a flagrant description, and that they were consequently rebels.^* The justm of the senteoee was 
therefore ^questionable ; and the question of hwwmUy could only be fairly pronounced upon by those who know the entire clittiBistnniaMi 
in which Nelson was placed. fr ^ 
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JS’elson. which was received with a shout throughout, tlie whole divi- 

•y-w' sion destined for the attack. They weighed with a light 
and favourable wind, the small craft pointing out the course 
to be followed ; and the whole division, having coasted along 
the shoal called the Middle Ground, doubled its farther 
extremity, and anchored there just as the darkness closed, 
the signal to prepare for action having been made early in 
the evening. As his anchor dropped. Nelson exclaimed, 
“ I will fight them the moment I have a fair wind.” 

On the following morning, at half-past nine, the signal 
was made for the ships to weigh in succession ; at ten 
minutes after ten the action commenced, at the distance of 
about half a cable length from the enemy ; and by half-past 
eleven the battle became general. The plan of attack had 
been complete ; but seldom had any project of the kind 
been disconcerted by more untoward accidents. Three of 
the ships had grounded, and only one gun-brig and two 
bomb-vessels could be got fairly into action. Nelson’s agita- 
tion was extreme when he found himself, before the action 
began, deprived of a fourth part of his force ; but no sooner 
was he in action than the wild music of the fight seemed to 
drive away all anxious thoughts ; his countenance bright- 
ened, and his conversation became joyous, animated, and 
delightful. At one o’clock the enemy’s fire continued un- 
slackened ; and the commander-in-chief, despairing of suc- 
cess, made the signal for discontinuing the action. At this 
moment, whilst Nelson was pacing the quarter-deck in all the 
excitement of battle, a shot passing through the main-mast, 
knocked the splinters about. “ It is warm work,” said he, 
“ and this day may be the last to any of us at a moment ; 
but, mark you,” he added, “ I would not be elsewhere for 
thousands.” The signal-lieutenant now called out that the 
signal for discontinuing the action had been thrown out by 
the commander-in-chief. Nelson continued to walk the 
deck, and appeared not to notice it At the next turn, the 
lieutenant asked if he should repeat the signal. ‘‘No,” 
replied Nelson ; “ acknowledge it.” He then called to 
know if the signal for close action was still hoisted ; and 
being answered in the affirmative, said, “ Mind you keep it 
so.” A little after, “ I have a right to be blind sometimes, 
Foley,” added he, addressing the captain ; then putting the 
glass to his blind eye, in a mood of sportive bitterness, which 
gives an inexpressible interest to the scene, I really do not 
see the signal,” he exclaimed ; and after a pause, “ Keep 
mine for closer battle flying ; that’s the way I answer such 
signals ; nail mine to the mast.” 

Between one and two o’clock, however, the fire of the 
Danes slackened : by half-past two the action had ceased, 
except with the Crown batteries, and one or two ships which 
had renewed their fire, though with but little effect. At 
this critical moment, Nelson, with his accustomed presence 
of mind, resolved to secure the advantage he had gained, 
and to open a negotiation. He retired into the stern gal- 
lery, and wrote to the Crown Prince thus: “Vice-Ad- 
miral Lord Nelson has been commanded to spare Denmark 
when she no longer resists. The line of defence which 
covered her sholres has struck to the British flag ; — ^but 
if the firing is continued on the part of Denmark, he 
must set on fire all the prizes he has taken, without having 
the power of saving the men who have so nobly defended 
them. TJhe brave Danes are the brothers, and should never 
be the enemies, of the English.” This, after an interchange 
of communications, led to an interview between Nelson and 
the Crown Prince, at which the preliminaries of negotia- 
tions were adjusted; and a treaty was at length concluded, 
by which the northern confederacy was dissolved, and the 
maritime superiority of Britain unequivocally recognised. 
For the battle of Copenhagen, Nelson was raised to the 
rank of viscount, and, on the recall of Sir Hyde Parker, 
appointed to the chief command in the North Sea. His 
complaints in his correspondence (vol. iv. of Dispatches and 
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Letters) are loud and indignant, however, that the gallantry Nelson, 
of his captains had not, as after other great battles, been re- 
warded with medals, and that the city of London had with- 
held its thanks from those who won that brilliant victory. 

“ I long to have the medal for Copenhagen,” he said, 

“ which I would not give up to be made an English duke.” 

But the medal never came. 

Having settled affairs in the Baltic, Lord Nelson returned 
in a frigate to England. But he had not been many weeks 
ashore when he was called upon to attack the flotilla which 
had been prepared at Boulogne for the threatened invasion 
of England. The enemy were fully prepared, however, 
and though nothing could exceed the gallantry with which 
they were assailed, the enterprise proved unsuccessful. 

He now desired to be relieved from this boat-service, 
thinking it an unsuitable employment for a vice-admiral ; 
and his wishes were speedily gratified by the signature of 
the preliminaries of peace. 

He had purchased a house and an estate at Merton in 
Surrey, meaning to pass there the remainder of his days, 
in the society of Sir William and Lady Hamilton. But 
the happiness which he had promised himself was not of 
long continuance. Sir William Hamilton died early in 
1803. A few weeks subsequent to this event the war was 
renew-ed ; and the day after his Majesty’s message to Par- 
liament, announcing •-the recommencement of hostilities. 

Lord Nelson departed to assume the command of the fleet 
in the Mediterranean. 

On the 20th of May 1803, he hoisted his flag on board 
the Victory, and having taken his station immediately off 
Toulon, he there waited with incessant watchfulness for the 
coming out of the enemy. This blockade proved one of the 
longest and most persevering that have been recorded in 
our naval annals ; yet notwithstanding all his vigilance, the 
Toulon fleet put to sea on the 18th of January 1805, and 
shortly afterwards formed a junction with the Spanish 
squadron at Cadiz; Sir John Orde, who commanded off that 
port, having retired at their approach. Nelson had formed 
his own judgment of their destination, when Donald Camp- 
bell, then an admiral in the Portuguese service, went on 
board of the Victory, and communicated his certain know- 
ledge that the combined French and Spanish fleets were 
bound for the West Indies. The enemy had five and thirty 
days’ start; but Nelson calculated that he should gain eight 
or ten days by his exertions. To the West Indies there- 
fore he bent all sail with his ten ships, in eager pursuit ot 
eighteen, and on the 4th of June reached Barbadoes, 
whither he had sent despatches before him. Deceived by 
false intelligence, he then stood to the southward in quest 
of the enemy; but advices having met him by the way that 
the combined fleets were at Martinique, he immediately 
sailed for that island, where he arrived on the 9th, and 
received certain intelligence that they had passed to the 
leeward of Antigua the preceding day, and taken a home- 
ward-bound convoy. It was now clear that the enemy, 
having accomplished the object of their cruise, were flying 
back to Europe ; and accordingly, on the 13th, he steered 
for Europe in pursuit of them. On the 17th July he came 
in sight of Cape St Vincent, and directed his course towards 
Gibraltar, where he soon afterwards anchored, and went 
on shore for the first time since the 16th of June 1803. 

The combined fleet having thus eluded his pursuit, he 
returned almost inconsolable to England, to reinforce the 
Channel fleet with his squadron, lest the enemy should 
bear down upon Brest with their whole, collected Ibrce. 

Having landed at Portsmouth, Lord Nelson at length 
received news of the enemy’s fleet. After an inconclusive 
action, in which they had run the gauntlet through Sir 
Kobert Calder’s squadron on the 22d of July, about 60 
leagues west of Cape Finisterre, they had proceeded to 
Ferrol, brought out the squadron which there awaited their 

g 
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Kelson, arrival, and with it entered Cadiz in safety. Upon receiving 
this intelligence, Nelson again offered his services, which 
were willingly accepted ; and Lord Barham, then at the 
head of the Admiralty, gave him a list of the navy, desiring 
him to choose his own officers. No appointment could^ be 
more in unison with the feelings and judgment of the nation. 
The Victory, destined once more to bear his flag, was re- 
fitted with incredible despatch; and such was his impa- 
tience to be at the scene of action, that although the wind 
proved adverse, he worked down the Channel, and, after a 
rough passage, arrived off Cadiz on the 29th of September, 
the day on which the French admiral, Villeneuve, had re- 
ceived peremptory orders to put to sea the very first oppor- 
tunity. Fearing that the enemy, if they knew his force, 
might be deterred from venturing to sea, he kept out of 
sight of land; desired Collingwood to hoist no colours, and 
fire no salute ; and wrote to Gibraltar to request that the 
force of the fleet might not be inserted in the gazette pub- 
lished there. The station which he chose was some 50 or 
60 miles to the westward of Cadiz, off Cape St Mary's. 

On the 9th of October Lord Nelson communicated to 
Admiral Collingwood his plan of attack. The order of 
sailing was to be the order of battle. His object he de- 
clared to be close and decisive action. In case signals 
cannot be seen or clearly understood,” said he, “ no captain 
can do wrong if he place his ship alongside that of an 
enemy.^' This was what he called the Nelson-'touch. It 
was a mode of attack equally new and simple. Every one 
comprehended it in a moment, and was convinced that it 
would succeed. In fact, it proved irresistible. 

Villeneuve, relying upon the information he had received, 
put to sea on the l^tluj and at daybreak, on the 21st of 
October 1805, the combined fleets were distinctly seen from 
the deck of the Victory, formed in a close line ahead, about 
12 miles to the leeward, and standing to the southward, off 
Cape Trafalgar. The British fleet consisted of 27 sail of 
the line and 4 frigates ; the enemy's fleet of 33 sail of the 
line and 7 frigates. But their superiority was greater in 
size and in weight of metal than in numbers ; they had 
4000 troops on board ; and the best riflemen who could be 
procured, many of them Tyrolese, were dispersed through- 
out the ships. Soon after daylight Nelson came on deck, 
and the signal was made to bear down on the enemy in two 
lines, upon which the fleet set all sail ; Collingwood, in the 
Royal Sovereign, leading the lee line of 18 ships, and 
Nelson, in the Victory, leading the weather line of 14. 
Having seen that all was right, he retired to his cabin, and 
wrote a devout prayer, in which, after beseeching the Al- 
mighty to grant a ^eat and glorious victory, he committed 
his life to the God of Battles ; and in another writing which 
he annexed in the same diary, he bequeathed Lady Hamil- 
ton as a legacy to his king and country, and commended 
to the public beneficence his adopted daughter, Horatia, 
desiring that in future she wotild use the name of Nelson 
only. Blackwood went on board tlxe Victory about six, 
and found him in good spirits, but very calm, and with 
none of that exhilaration which he had displayed on enter- 
ing into battle at Aboukir and at Copenhagen. With a 
prophetic anticipation, he seems to have looked for death 
with almost as certain a conviction as for victory. His 
whole attention was fixed upon the enemy, who now formed 
their line with much skill on the larboard tack. Then ap- 
peared that signal — Nelson's last signal — which will be re- 
membered as long as the language or even the memory of 
England shall endure : — England expects every man to 
do his duty.” It was received throughout the fleet with a 
re^onsive bmst of acclamation, rendered sublime by tlie 
spirit which it breathed, and the determination it expressed- 
Now, said Nelson, “ I can do no more. We must trust to 
the great dispose of all events, and the justice of our cause. 
i thank God for this gi*eat opportunity of dOtng my duty.” 
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On this memorable day Nelson wore, as usual, bis admi- Kelson, 
ral's frock-coat, bearing upon the left breast the various 
orders with which he had at different times been invested. 
Decorations which rendered him so conspicuous a mark to 
the enemy were beheld with ominous appreliension by his 
officers, especially as it was known that there were rifle- 
men on board the French ships, and it could not be doubted 
that his life would be particularly aimed at. This was 
a point, however, on which it was hopeless to reason 
or remonstrate with him. In honour I gained them,” 
said he, when allusion was made to the insignia he wore, 

“ and in honour I will die with them ” Nevertheless, 

Captain Blackwood, and his own captain. Hardy, having 
represented to him how advantageous it wmid be to 
the fleet were he to keep out of action as long as pos- 
sible, he consented that the Temeraire and the Levia- 
than, which were sailing abreast of tlie Victory should be 
ordered to pass ahead. But the order was unavailing; for 
these ships could not pass ahead if the Victory continued 
to carry all her sail ; yet, so far from shortening sail. Nelson 
took an evident pleasure in pressing on, and rendering it 
impossible for them to obey his own order. As the enemy 
showed no colours till late in tfie action, the Santissima 
Trinidad was distinguishable only by her four decks ; and 
to the bow of his old op{)onent in the action off Cape St 
Vincent heordered the Victory to he steered. In the mean- 
time, an incessant raking fire w-as kept up on the Victory ; 
and as the ship approaclied, Nelson remarked, ** This i« too 
warm work to last long.” She had not yet returned a 
single gun, though by this time fifty of lier men !iad been 
killed or wounded, and her with all her stud- 

ding-sails and booms, shot away. A few minutes after 12, 
however, she opened licr fire from iKuh sidt'S of her deck, 
and soon afterwards ran on Imard the Kethiuhtable, just as 
her tiller ropes were shot away. Captain Harvey, in the 
Temeraire, fell on board the lledoububle on the other 
side ; and another enemy’s shin, tlie fi II on 

board the Temeraire; so that these fom* ti.nui'd as 
compact a tier as if they had beitn mo(jred together, their 
heads lying all the same’ way. The lieittenants of the Vic- 
tory now depressed their guns, and fireti with a diminished 
charge, lest the shot should pass thr<«tgli and injure tlic 
Temeraire; and as there was danger tlmt the Redoubtable 
might take fire from the lower-deck guns, the mnz%\m of 
which, when run out, touched her sides, the fireman of 
each gun stood ready with a bucket of water, which, u 
soon as the gun Imd been diitcharged, he dasiu^d into the 
hole made by tlie shot. In this sitiiatian, the Victory kept 
up an Incessant fire from both sides, directing her larboard 
g^s on the Bucentaur and Santisaima Trinidad. 

But Nelson's hour was now come. It had been part of 
his prayer that tlie Bridsh fleet might be as di^ttingtnshed 
for humanity in victory as for bravery in battle. Setting 
an example himself, he twice gave orders to cease firing 
upon tlie Redoubtable, 5iup{K»-iijg she liad struck, tiecause 
her great guns w^erc silent ; for as she carried no fli^, It 
was impossible instantly to ascertain the fact. From the 
ship which he had thus twice spared he received his death- 
wound. In the heat of the action, about a quarter after one 
o'clock, a musket-ball from tlie mizen-top of the Redoubt- 
able struck the cfmulette on his left shoulder ; and be fell 
upon his face on the s{)ot covered with the bloml of bis 
secretary, Mr Scott, who bad been killed a short time be- 
fore. " They have done for me at last, Hardy,” nud he, 
as a serieant of marines and two seamen raised him from 
the deck “ I hope not,” replied Captain Hardy. ** Ye« ” 
he rejoined ; “ my back bone is shot through.” But, though 
mortally wounded, he did not for a moment lose that pre- 
sence of mind for which he was ever distangulihed. As 
they were carrying him down the ladder to the cockpit, he 
obswved tliat the tiller ropes, which had been shot away 



N E L 

JFelson:* early in the action, were not yet replaced, and ordered that 
new ones should be immediately rove. He was laid upon 
a pallet in the midshipman’s berth, and the surgeon being 
called, it was soon perceived that the wound he had re- 
■ ceived would speedily prove mortal; but this was concealed 
from all except Captain Hardy, the chaplain, and the me- 
dical attendants. Being certain, however, from the sensa- 
tion which he felt in his back, and the gush of blood within 
his breast, that no human aid could avail liim, he insisted 
that the surgeon should leave him, and attend to those to 
whom he might be useful. You can do nothing for me,” 
said he. Suffering from intense thirst, and in great pain, 
he expressed much anxiety as to the fate of the action ; and 
his countenance brightened with a gleam of joy as often as 
the hurrah of the crew of the Victory announced that an 
enemy’s ship had struck. 

At length he became very impatient to see Captain 
Hardy, whom he repeatedly sent for ; but that officer could 
not leave the deck, and upwards of an hour elapsed before 
he could quit his station. When they met, they shook 
hands in silence. Hardy struggling to suppress his emo- 
tions. “ Well, Hardy,” said Nelson, “ how goes the day 
with us?” “Very well,” replied the captain; “ten ships 
have struck, but five of the enemy’s van have tacked, and 
show an intention of bearing down on the Victory. I have 
called two or three of our fresh ships round, and have no 
doubt of giving them a drubbing.” “ I hope,” said Nelson, 
“ none of our ships have struck ” “ There is no fear of 
that,” answered Hardy ; upon which the dying hero said, 
“ I am a dead man ; I am going fast ; it will soon be all 
over with me ; my back is shot through.” Hardy, unable 
any longer to suppress his feelings, hastened upon deck ; 
but in some fifty minutes, returned, and taking the hand of 
his dying commander, congratulated him on having gained 
a complete victory. He did not know how many of the 
enemy had struck, as it was impossible to perceive them 
distinctly ; but fourteen or fifteen at least had surrendered. 
“ That’s well,” answered Nelson ; “ but I had bargained 
for twenty.” Then, in a stronger voice, he said, “ Anchor, 

’ Hardy, anchor ;” and again, most earnestly, “ Do you 
anchor.” Next to his country. Lady Hamilton occupied 
his thoughts. “ Take care of my dear Lady Hamilton, 
Hardy ; take care of poor Lady Hamilton and, a few 
minutes before he expired, he said to the chaplain, “ Re- 
member that I leave Lady Hamilton and my daughter Ho- 
ratia as a legacy to my country.” The last words he was 
heard to utter distinctly were, “ I thank God, I have done 
my duty.” He expired at half-past four o’clock, three 
hours and a quarter after he had received his fatal wound. 

The total loss of the British in the battle of Trafalgar 
amounted to 1587. Twenty of the enemy struck, and of 
the ships which escaped, four were afterwards taken by Sir 
Richard Strahan. But unhappily the fleet did not anchor, 
as Lord Nelson with his dying breath had enjoined; a 
heavy gale came on from the S.W. ; some of the prizes 
went down, some were driven on the shore, one effected 
its escape into Cadiz, others were destroyed, and four only 
were, by the greatest exertions, saved. Still, by this mighty 
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achievement, the navies of France and Spain received a Nelson, 
blow from which they were not destined soon to recover ; B-Cbert. 
the gigantic combinations of Napoleon, with a view to a 
descent upon England, were completely baffled ; and the 
success of his campaign of Austerlitz was in a great mea- 
sure neutralized. The remains of Lord Nelson were buried 
at St Paul’s, on the 9th of January 1806. It is needless to 
add, that all the honours which a grateful country could 
bestow were heaped on the memory of the man who had 
achieved this unequalled victory.^ 

In Lord Nelson’s professional character were united all 
the highest qualities of a great commander, — wonderful fore- 
sight, prompt judgment, never-failing presence of mind, 
ardent zeal, unbounded confidence in the resources of his 
own mind, and that intuitive decision in the midst of diffi- 
culty and peril which is the distinguishing attribute of 
great military or naval genius. His daring was without 
rashness, and his enterprise founded upon the most skilful 
calculation ; his ardour never outran his understanding, nor 
his love of glory a due consideration of the material and 
moral means by which alone success can be obtained. His 
talents for command were of the highest order, and he 
knew the invaluable secret of inspiring other men with con- 
fidence in him, as well as with confidence in themselves. 

But the best character which can be drawn of him is 
the history of his achievements, all stamped with the im- 
pression of his genius ; and, that nothing might be wanting 
to the consummation of his renown, he departed in a bright 
blaze of glory, leaving to his country a name which is her 
pride and boast, and an example which will continue to be 
her shield and her strength. (See, in particular, the Dis- 
patches and Letters of Vice- Admiral Lord Viscouni Nelson^ 
by Sir Nicholas Harris Nicolas, 7 vols., Lond. 1844-46 ; 
also Southey’s Life of Nelson^ in 2 vols. 12mo ; Life by 
Clarke and McArthur, 8vo ; Ekins’ Naval History^ 4to ; and 
James’s Naval History^ 6 vols. 8vo.) (j.b — e.) 

Nelson, Bohert^ the author of several works on practi- 
cal religion, was the son of a wealthy London merchant, 
and was born in 1656. After attending St Paul’s School, 
he studied at Cambridge as a fellow-commoner of Trinity 
College. On his entrance into active life, his worth and 
accomplishments raised him to a high place in the estima- 
tion of the learned. He became the bosom-friend of Tillot- 
son ; and in 1680 was elected a fellow of the Royal Society. 

But not until 1691, at the conclusion of a series of visits to 
the Continent, did his character as an earnest friend of re- 
ligion and philanthropy begin to appear in its full excel- 
lence. He became a liberal patron of charity-schools ; 
and there was not a scheme for propagating religion, either 
at home or abroad, to which he did not ^ord substantial 
encouragement ; while at the same time his pen was perse- 
veringly employed in advocating practical religion. It was 
while engaged in performing the pious task of writing the 
life of his old tutor. Bishop Bull, that he contracted his last 
illness. His death took place in 1715. Nelson’s best- 
known works are, — A Companion for the Festivals and 
Fasts of the Church of England, 8vo, 1704; The Great 
Duty of Frequenting the Christian Sacrifice, 8vo, 1 707 ; 


^ Lord Nelson’s brother, the Bev. William Nelson, D.D., was created Earl Nelson of Trafalgar and of Merton on the 20th November 
1805, with an annual grant of L.6000, and with permission from his Majesty to inherit his deceased brother’s Sicilian dukedom of Brontd. 
Besides L.100,000 for the purchase of an estate, Ij.10,000 were voted to each of the hero’s sisters. His dying request in behalf of Lady 
Hamilton and his “ adopted daughter Horatia Nelson Thompson,” the British nation saw fit to utterly disregard. The one he left, in a 
codicil to his will, written a few hours before his fall, ** a legacy to my king and country and the other to the beneficence of my 
country.” These,” continues the document, “ are the only favours I ask of my king and country at this moment, when I am going to 
fight their battle;” yet it appears from Pettigrew’s Memoirs of Nelson, vol. ii., that this codicil was virtuously concealed by the hero’s 
reverend brother until the parliamentary grant to himself was duly completed. The subsequent years of the unfortunate Lady Hamil- 
ton’s life one had rather pass over. She died at Calais in extreme poverty and gjreat distress on the 6th January 1814. Nelson’s 
daughter, Horatia, — respecting whose maternal extraction Sir N. H. Nicolas has diligently collected so much unsatisfactory information 
(Nelson’s Dispatches, &c., vol. vii., pp. 369-396), in his attempt to remove the generally received and most obvious opinion on the 
point, — was married in February 1822 to the Bev. Philip Ward, an English clergyman. ^ Some endeavour has recently been made, it 
seems, to assist her children in entering upon life, wiljbi the design, probably, of atoning in some measure for the neglect shown to th^ 
dying request of the hero of Trafalgar. 
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Nemausus The Practice of True Devotion, 8vo, 1 708 ; and The Whole 
II . Duty of a Christian, 8vo, 1718. They have all passed 
N'emesi- ^hrouffh several editions. ^ n- 

NEMAUSUS (the modern Nimes), a city of Gallia 
Narbonensis, was the capital of the Volcse Arecomici, and 
was situated on the road between Italy and Ibeiia. As 
early as the reign of Augustus it was a colonia s and in 
the days of Strabo it possessed the Jus Latii, and was on 
that account independent of the Roman governors. The 
territory of Nemausus comprised twenty-four populous vil- 
lages. Its most notable product was cheese, which was 
exported to Rome. Tliere are still remaining many strik- 
ing monuments of the splendour of the ancient city of 
Nemausus. The principal of these are a spacious amphi- 
theatre, a temple called the Maison Carie^ a structure 
known as the Tour Magne, and the famous Roman aque- 
duct, named the Pont du Gard. (See Nimes.) 

NEMEAN GAMES, The, constituted one of the four 
great national festivals of the Greeks. The ordinary 
count of their institution is the legend that follows. As 
Hypsipyle, the nurse of Opheltes or Archemorus, the in- 
fant son of Lycurgus and Eurydice, was sauntering one 
day with her young charge through the valley of Nemea, 
near the city of Cleonae, she met the seven champions on 
their way to attack Thebes. They asked her to conduct 
them to the neai-est fountain, where they might slake their 
thirst. She left her child lying on the ground, and hastened 
away to comply with their request. On her return, she 
found that Opheltes had* been devoured by a dragon. The 
seven champions, after destroying the monster, celebrated 
funeral games in honour of the child. These games fall- 
ing into disuse, were revived by Hercules after he had 
slain the Neraean lion, and were then for the first time 
consecrated to Jupiter. They derived their name from the 
grove Nemea, in which they were held. There a temple, 
a theatre, and a stadium were in course of time erected ; 
and thither, twice every Olympiad, in summer and winter 
alternately, atliletes of every kind, and even musicians, were 
wont to flock from all parts of Greece. The judges were 
chosen by turns from Cleonsc, Corinth, and Argos, and, in 
commemoration of the funereal origin of the festival, they 
were arrayed in sable garments. A chaplet, formed of 
olive branches, and afterwards of* green parsley, was the re- 
ward of the victors- The last time at which the celebra- 
tion of the Nemean games is mentioned in history is in the 
reign of Hadrian. They seem to have been finally discon- 
tinued shortly afterwards. The ruined temple of Jupiter 
Nemesius still indicates the scene of tiiis great biennial 
festival. 

NEMESIANUS, Marcus Aurelius Oltmpius, a Latin 
bucolic poet, flourished at the court of the Emperor Cams 
towards the close of the third century, and is supposed, 
from the epithet Carthaginiensis” generally attached to 
“his name, to have been a native of Africa. In the poetical 
contests of that day he owned no superior except the young 
prince Niimerianus. “He shone out,” says Vopiscus, 

“ adorned with all the crowns of victory.” His bucolic 
poems were three ; and under the several names of Cyne- 
getica^ Halieutica, and Nautica, treated of hunting, fishing, 
and aquatics. A fragment of the first of these, amounting 
to 325 hexameter verses, is the only authenticated produc- 
tion of Nemesianus that is extant. It contains instructions 
for the rearing of dogs and horses, and the forming of nets 
and other hunting ap|)ai*atus. The best edition is tiiat of 
Stem, 8vo, Halle, 1832. 

Wernsdorf, in his Latince Poetm Minores^ argues, on 
rounds somewhat plausible, that the piece entitled 
MerculiSy usually printed among the works of Claudian, 
belongs to Nemesianus. Four of the eclogues generally 
ascribed to T. Calpumius Siculus are sometimes erroneously 
attributed to tlie same author. 
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NEMESIS is generally represented in Grecian mytho- Kemej 
logy as the daughter of Night, The ideas regarding her (| 
character seem to have been gradually developed. In the 
days of Hesiod she was regarded as the impersonation of 
the upbraiding of conscience, of the natural dread of punish- 
ment that springs up in the human heart after a sin has 
been committed. But as the feeling of remorse may be 
considered the vengeance of the ofiended moral law, Ne- 
mesis came to be held, especially among the tragic poets, 
as the goddess of retribution, relentlessly pursuing the gnilty 
until she has driven tliem into irretrievable woe and ruin. 

In performing this function, how'ever, slie often suddenly 
cast the minions of fortune from the summits of prosperity 
down into the lowest depths of misery- By this circum- 
stance a new phase of her character was developed. She 
came to be regarded as the personification of that supposed 
divine jealousy that is kindled at the sight of great human 
felicity, never rests until it has brought a serenely happy 
life to a gloomy and tragical close, and thus acts m the 
impartial distributor of happiness and unhappiness among 
the sons of men. Nemesis had several surnames. She was 
called Ekamnusia or Ehamnusis^ from Rhatnnus, a town of 
Attica, where she was worshipjHx! ; and Adrmteia^ from 
Adrastus, King of Argos, who first built a temple to her on 
the River Asopus (Asopo). The ancients generally re- 
presented Nemesis as a crowned virgin, nmjestic in her 
bearing, and closely resembling Venus in the grace of her 
person and the beauty of her countenance, witli a whip in 
one hand and a pair of scales in the other. 

NEMESIUS, one of die ablest of the ancient Christian 
philosophers, and the author of a Greek treatise On the 
Nature of Man, flourished, as bishop of Emesa in Syria, 
probably about the end of the fourth century. His Ixxik 
is the only record that remains of his existence. It seems 
to be little else than a synopsis of the orthodox [ilulohophy 
of that day, written in a style generally clear, ca.Hy, and 
elegant. Man is considered as a complex being, < 
of a body and a soul. It is while discus‘sirig the former of 
these divisions that Nemesius displays his learning and hin 
power of theorizing to the best advantage. Hw remarks 
on the spleen, tlie nerves, the glaiuls, and other organs of 
the body, prove him to have been a thorough adept in all 
the physiological lore of tluit age; and his ctiriouH specula- 
tions touching the motion of the |«iUe, ami the uite of the 
bile, have led Fell, Bnicker, and others of his imliHcriminate 
admirers, to sup[>ose that he was acquainted with the circu- 
lation of the blo^ and the functions of the liver; an opinion, 
however, which Freind, in his HiMtary of Physic, anti Halier, 
in his Bibliotheca AntUomica^ contest. Treating of tite 
other great division of his subject, Nemesius considers t!m 
soul as composed of two parts, the rational part consisting 
of thought, memory, and esfiecially will, and the irrational 
part consisting of the desires anti the pmions. On the 
liberty of the human will, and other kindred subjeci 4 *, Im 
views are just and profound. He Itoids, liowever, tt>e 
Platonic doctrine of the pre-existence of the souk 

An edition of the work of Nemesius in the original was 
^ven to the world by Nicasius Ellebodiua, 8va, Antwerp, 

1565 ; and by Fell, 8va, Oxford, 167 L The latest and the 
best edition is that of F. Matthaei, Hvo, Halle, 1H02. It 
was translated into English by George Wither, VJtm, Ixm- 
don, 1636; into German by Osterhammer, 8vo, Salaburg, 

1819; and into French by J. B. Thibawit, 8vo, Paris, 1844. 

NEMOURS, a town of France, departfiieiic of Seine- 
et-Marne, on the Lotng, nearly surrounded by lliat river 
and by the canal which joins the Seine and Loire, 10 miles 
S. of* Fontainebleau. It is well built, and lias broad streets. 

The old castle, formerly the residence of the dukes of Ne- 
mours, containB a public library and several oilier establiaili- 
menis. There is a handsome parish church, an hospital, 
and a theatre. Leather, beer^ vinegar, marble, ijartlienware, 
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:Nenagh &c., are manufactured here ; and an active trade is carried 
II on in the produce of the country. Pop. 3782. 
ifeoptole- NENAGH, a town of Ireland, province of Munster, and 
county of Tipperary, occupies a beautiful situation on a 
hill near the River Nenagh, 23 miles N.E, of Limerick, and 
82 miles W.S.W. of Dublin. It is well built, and contains 
one principal street, which is crossed at right angles by 
four others. There is an Episcopal, a Roman Catholic, a 
Methodist, and an Independent church ; several schools ; a 
fever hospital ; dispensary ; and barracks. Nenagh has also 
an ancient castle of Norman architecture, and the remains 
of a Franciscan monastery. Woollen clotli, tobacco, soap, 
and candles, are manufactured here; and a considerable 
trade is carried on in corn, cattle, bacon, butter, and eggs. 
Several fairs are held yearly here. Pop. 9292. 

NENE, or Nen, a river of England, Northamptonshire, 
is formed by two branches, one from the north, rising at 
Naseby, and the other from the west, rising near Staverton, 
a village S.W. of Daventry. These streams unite at 
Northampton, and thence the river flows towards the N.E. 
through a beautiful valley, and falls into the Wash. The 
Nene receives many tributaries, though of small size, from 
the left ; but none from the right, as the hills present a steep 
side to it, and send their streams to the Ouse. Northamp- 
ton and Peterborough are the principal towns on its course. 

NENNIUS, the reputed author of an ancient history of 
the Britons, entitled Historia Britonum^ is said to have 
been abbot of Bangor at the beginning of the seventh cen- 
tury. The book which is ascribed to him commences 
with a fabulous account of the colonization of the island, 
and brings the narrative down to the year 655. Its chro- 
nological blunders, and the many other proofs of its want 
of authenticity, render it a very unsafe historical authority. 
It is chiefly valuable on account of its containing those 
stories of King Arthur, Merlin, and other legendary heroes, 
which became such favourite themes among the authors of 
succeeding ages. The latest editions of the Historia Bri- 
tonum are those by the Rev. W. Gunn, B.D., 8vo, London, 
1819; and Mr Joseph Stevenson, 8vo, London, 1838. 
(Wright’s Biographia Britannica Literaria,) 

NEOPHYTES, a name given by the ancient Christians 
to those heathens who had newly embraced the faith ; such 
persons being considered as regenerated, or born anew. 
The term neophytes has kho been used for new priests, or 
those just admitted into orders; and sometimes for the 
novices in monasteries or convents. It is still applied by 
Roman Catholic missionaries to converts made among the 
heathen. 

NEO-PLATONISTS. See Alexandrian School. 

NEOPTOLEMUS, the son of Achilles and Deidameia, 
daughter of Lycomedes, King of the Dolopians, was born 
shortly before the Trojan war. When it was prophesied, 
towards the close of the siege of Troy, that the city could 
not be taken without the son of Achilles, Ulysses and Dio- 
mede were despatched to bring the young man, and found 
him in the house of his maternal grandfather, in the island 
of Scyros. He was then called Pyrrhus, on account of his 
fair hair ; but after his arrival at the scene of war, he was 
generally known by the name of Neoptolemus, i.e., “ the 
young warrior.” The son of Achilles soon proved himself 
worthy of his brave, savage, and vindictive father. On the 
night of the sacking of 1 roy his deeds were bold and atro- . 
cious beyond those of all the other Greeks ; and it was his 
sword that was most fatal to the royal house of Priam. He 
was among the foremost to leap from the wooden horse 
upon the devoted and unsuspecting city : he dashed down 
the little Astyanax, the child of Hector, from the top of a 
tower ; he sacrificed the Princess Polyxena upon the tomb 
of Achilles ; and he slew Priam and Polites, father and son, 
together, at the altar of Jupiter, before the eyes of Queen 
Hecuba and her daughters. On the distribution of the 
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captives, Andromache, the widow of Hector, fell to his lot, N'eots, St 
and became his wife. After this date the various accounts II 
of the life of Neoptolemus are very contradictory. Accord- 
ing to some authors, he returned to his hereditary kingdom 
of Phthia ; while, according to others, he fixed his abode 
permanently at Epirus. It is generally agreed, however, 
that Menelaus and Helen bestowed upon him the hand of 
their daughter Hermione. Shortly after this he was slain, 
during a visit to Delphi, by some vindictive foe, about 
whom ancient writers are not agreed. His remains were 
interred within the temple ; and long afterwards, when the 
Gauls attacked the city, his spirit rose, it is said, to defend 
the sacred place. 

NEOTS, St, a market-town of England, Huntingdon- 
shire, stands on the right bank of the Ouse, 9 miles S.W. 
of Huntingdon, and 56 N. by W. of London. It has 
several well built streets, and a market-place ; but from 
the lowness of its situation, the town is exposed to the 
danger of being flooded by the river. The church of St 
Neot’s, which is considered the finest in the county, is in 
the perpendicular English style, and has a handsome tower 
150 feet high. There are other churches in the town, be- 
longing to the Baptists and Methodists, and several schools- 
The Ouse is here crossed by a bridge of eleven arches, six 
of which are on the low ground near the river. The prin- 
cipal manufacture in St Neot’s is paper, which gives employ- 
ment to many of the inhabitants. A large retail trade is 
carried on. Pop. (1851) 2951. 

NEPAUL, or Nipal, an extensive country of Hindu- 
stan, long and narrow in its form, and, although somewhat 
curtailed in its dimensions by the progress of British con- 
quest, still one of the largest and most compact independent 
kingdoms in the country. To the N. it is bounded by the 
great mountain- wall of the Himalayas, which separates it 
from Thibet ; to the S. the Nepaul territory reaches about 
20 miles beyond the base of the mountains into the plains, 
being bounded by the provinces of Purneah, Tirhoot, Sarun, 
and Goruckpore ; to the E. by the British territory of Dar- 
jeeling and the native principality of Sikkim, which extends 
to the Chinese frontier. The kingdom of Oude, the terri- 
tories of which have been recently annexed to the British 
dominions, forms the boundary on the S.W. Previously to 
the war with Britain in 1814-1 6, the conquests oftheGhoork- 
has or Nepaulese extended to the banks of the Sutlege, the 
eastern river of the Punjab ; but the boundary is now the 
River Cali, or the western branch of the Goggra, which 
separates the Ghoorkha territory from the British province 
of Kumaon. The above limits, however, include a terri- 
tory much larger than that to which the peculiar name of 
Nepaul proper belongs, and made up of conquests gained 
by the Ghoorkhas within the last eighty years from a variety 
of petty hill states. This extended dominion is mostly in- 
cluded between the twenty-seventh and thirty-first degrees 
of N. latitude, and in extreme length may be estimated at 
460 miles, by 150 miles in breadth. The following are the 
modern districts into which this territory is divided 

1. Kepaul proper, 6. Khatang. 

2. Country of the 24 rajahs. 7. Chayenpoor. 

3. Country of the 22 rajahs. 8. Saptari. 

4. Muckwanpoor. 9. Morung. 

5. Kirauts. 

Nepaul is extremely diversified in its surface. Among its Aspect of 
lofty summits is Mount Everest, the highest peak in the the coun- 
world (29,002 feet), while the whole range which forms its ^*7* 
northern boundary rises to the level of perpetual snow. 

These high mountains generally decline into lower hills, from 
which they are separated by fine valleys, still considerably 
above the level of the plains, and thelowest beltof the Nepaul 
dominions forms part of the great plain of Hindustan . Imme- 
diately to the N. of this flat country there is a region of nearly 
the same width, consisting of small hills, which rise gra- 
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27epaul. dually towards the north, and are watered by ^ahy streams 
from the loftier mountains to which these hills gradually 
unite. The hills are covered with forests : on the, lower 
hills are found the saiil forests, which, with the pines, are 
not surpassed in any country, either for straightness or size, 
as well as for strength and durability. Higher up there is 
avarietyof other trees, and amongst the northern hills many 
pines, and an abundance of mimosa, from which the catechu 
of India is obtained; also oaks, walnut and chestnut trees, 
hornbeam, Weymouth pine, and common spruce, for the 
most part of but very little value, owing to the inacces- 
sible nature of the country. The breadth of this moun- 
tainous belt immediately north and east of Catmandoo is es- 
timated at from thirty to forty miles. This is a very ele- 
vated region, consisting of one mountain heaped upon an- 
other rising to a great height, so that in winter their sum- 
mits are for a short time covered with snow, and it even falls 
sometimes in the valley below. A hoar frost also very often 
covers the ground ; but although the cold is occasionally for 
three or four months severe enough to freeze the tanks and 
pools of standing water, the rivers are never frozen. Between 
the mountains are narrow valleys of from 3000 to 6000 feet 
above the plains of Bengal. The height of the valley of 
Nepaul, measured by the barometer, is about 4000 feet. It 
is nearly of an oval figure ; its greatest extent from north 
to south is twelve miles, and it stretches east and west nine 
miles ; and though it scarcely lies in a higher latitude than 
twenty-seven and a half degrees, yet it enjoys nearly the 
same climate as the southern countries of Europe. 

Qimatew Lying near a region buried in snow, its climate must no 
doubt be somewhat modified by such a vicinity. Still Kirk- 
patrick mentions, that in summer the thermometer rose 
once to eighty-seven degrees during his residence in the 
valley ; and its usual height about noon varied from eighty- 
one to eighty-four degrees. At sun-rise it was commonly 
between fifty and fifty-four, and at nine in the evening it 
generally fluctuated from sixty-two to sixty-six degrees. 
Fifty-one observations, from the 17th to the 25th March, 
gave an average of sixty-seven degrees. The seasons are 
nearly the same with those in Upper Hindustan. The 
rains commence a little earlier, and set in from the south- 
east quarter ; they continue for days without intermission, 
and are generally very violent. The mountain-torrents 
rush down in consequence with great impetuosity, over- 
flowing their banks, and spreading over all the adjacent 
country. By these violent inundations, the plain is cut into 
numerous and deep ravines. The temperature varies neces- 
sarily with the elevation of the ground ; so that by ascend- 
ing the adjacent mountains, the heat of Bengal may in the 
course of a few days be exchanged for the cold of Russia. 

Produce. The produce alrio varies along with the climate. In 
some parts rattans and bamboos, both of enormous dimen- 
sions, are seen, and others produce only oaks and pines. 
In several parts the pine-apple and sugar-cane ripen, 
whilst others yield only barley, millet, and similar grains. 
The mulberry grows luxuriantly all over the hills ; and 
they cut its young and tender shoots annually, whilst full of 
leaves, and, having dried them, stack them for fodder, 
which is said to be both nutritious and agreeable to the 
animals. In this comparatively cold and elevated climate, 
the periodical rains are not favourable for the ripening 
of fruits, which everywhere abound, but never come to 
perfection, the heat of the climate not being sufficient to 
bring them to maturity before the approach of the rains. 
Peaches grow wild on every hill; but one side of them is 
rotted by the damp, whilst the other side is green ; and 
the grapes, which grow without shelter from the rains, 
are always bad. Kirkpatrick, however, from the spon- 
taneous productions which he saw on the spot, namely, 
the peach, the raspberry, the walnut, the mulberry, and 
others, thought that all the fruits and esculent vegetables 


of England might with proper attention be successfully KepauL - 
raised in the mountainous valleys of Nepaul. In the'^'—'V^ 
warmer valleys, the pine-apple is uncommonly fine; as also 
the orange, which ripens in winter. The abundant rains, if 
they spoil the fruits, are, however, very favourable to the 
produce of grain ; and wherever the land can be levelled 
into terraces, however narrow, it is well adapted for trans- 
planted rice, which ripens after the rains have ceased. The 
least rocky faces of the hills are generally cut into these 
terraces, which are seen everywhere rising above each 
other. This operation produces numerous strips of level 
ground, more or less narrow, according to the steepness 
of the hills. Great labour and care are bestowed upon this 
operation, and it is often necessary to build a retaining 
wall to support the edge of the small strip^ of ground. 

Much attention is also paid to the levelling of its surface, 
to fit it for irrigation, as every rivulet is first conducted by 
drains to the higher cultivated spots, and then, after satu- 
rating them, to the lower range of fields. In some parts the 
same land gives a winter crop of wheat and barley. Where 
the land is too steep for terraces, it is generally cultivated 
after fallow with the hoe, and produces rice sown broad* 
cast, maize, cotton, three kinds of pulse, a kind of mus- 
tard, manjeet or Indian madder, wheat, barley, and sugar- 
cane. Tobacco is an article of general cultivation in these 
hills, and it is considered as of a fine quality. It is export- 
ed in considerable quantities both to the plains and to 
Bootan. One of the great staples of agriculture in these 
mountainous countries is a large species of cardamom ; 
and ginger is likewise a valuable production in the country 
between Nepaul Proper and the Cali, though rice is still 
the main dependence of the farmer. Various dry rices are 
cultivated in Nepaul, under the general name of ghya, some 
of which, so far from needing hot weather to bring them 
to maturity, are actually raised in situations very much 
exposed to falls of snow ; whilst others do not re<}uire, as 
in Bengal, to be flooded, but flourish in the driest and lof- 
tiest spots. There are also amongst the siJtmtaueoiN jiro- 
ductions of this fertile soil several edible roots and herbs, 
which form a considerable part of tlie sustenance of the 
poorer inhabitants. Of these there are a species of yam, 
and a kind of wild asparagus, as well as various other plants 
well deserving the attenti(jn of travellers* There arc also 
medicinal plants, and a rich variety of dyeing drugs pro- 
cured from bitter or aromatic woods, which grow natural- 
ly in the country, and which are held in great estimation. 

Thejeea is a very curious plant, from theexpreaned leaves 
of which is produced a juice called cherris, wluch is a po- 
tent narcotic, and possesses very valuable qualities, burn- 
ing with a flame as bright as tliat of the purest resin. Its 
leaves are fabricated into a sjiecies of hemp, from whidi 
the Newars manufacture some coarse linen, and likewise a 
very strong kind of sackcloth. Though the soil seems well 
adapted to the growth of kitchen vegetables, yet the inhabi- 
tants are either too indolent or tm> unskilful to raise them. 

The only kitchen vegetables which Colonel Kirkpatrick met 
with were cabbages and pease of the worst kind. They 
have the Thibet turnip, but cannot raise it, any more than 
the potato, without renew’ing the seed annually. Amongst 
these mountains are found the common nettle and a plant 
resembling wormwood ; also a curious shrub oilled kliaksh 
the leaf of which answers the purpose of emery or sand- 
paper, giving a fine polish to the harder woods. 

The mountain pasture, though not so good as that In the Aaimda 
low country, yet supports numerous flocks of sheep, which 
migrate with the seasons, in winter to the lower valleys, and 
in summer to the alpine regions, where Uiey feed upon the 
herbage of those extensive tracts which lie in the neigh- 
bourhood of perpetual snow. The sheep in these altitudes 
are of considerable size, and have fine wool $ tlte larger are 
the same as in the lower countries, but are not numerous. 
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Nepaul. Buffaloes are not reared by the natives, neither are hogs 
nor goats, though the country is admirably adapted for both. 
Horses are brought from Thibet and from Kattywar, Sinde, 
and Guzerat; also the large ox of Thibet, or the Bos 
grunniens^ described by Turner, the beautiful tail of which 
forms one of the exports from Nepaul ; and the goat which 
produces the shawl wool. The kustoora or musk-deer is 
a native of Lower Thibet, though it is not very abundant 
anywhere. It is usually caught by means of a snare made 
of a particular kind of mountain bamboo. It is difficult to 
obtain the musk pure, even at Catmandoo ; and Colonel 
Kirkpatrick mentions, that it is even usual to adulterate it 
whilst it is yet in the bag on the body of the animal. In the 
great forest which skirts the Nepaul territories through- 
out their whole extent, from Serinagur to the Teesta, wild 
animals abound. Elephants are found here in great num- 
bers, and are a source of revenue to the Nepaul govern- 
ment. About 200 or 300 of these animals are caught p- 
nually ; but most of them being very young, and not being 
above seven feet and a half in height, they are not of great 
value. They are extremely mischievous, and two or three 
of them sometimes take possession of the road, and ob- 
struct the progress of travellers for a considerable time. 
A large herd of them assaulted the camp of the Nepaul 
deputies when they were on their way to Patna, and were 
with great difficulty driven away. They sometimes issue from 
the forest in droves, and overrun the cultivated country 
on its borders, penetrating sometimes a considerable space 
within the company’s territories. The rhinoceros, the 
tiger, the leopard, and other ferocious animals, find shelter 
in the depths of the forests. The animal known in Ben- 
gal by the name of the Nepaul dog is brought from Upper 
and Lower Thibet, of which it is a native. It is a fierce, 
surly creature, about the size of an English bull-dog, and 
covered with thick long hair. Several very fine birds are 
found in these mountainous countries, as the manal {Mer 
leagris satgra), and the damphya (Phasiams impeganus). 
They are a species of pheasants, the damphya being of 
the golden, and the manal or moonal of the spotted sort. 
They are both extremely beautiful birds. The chakoor 
is well known to the Europeans of India under the name 
of the fire-eater. It is a species of partridge, and derives 
its name from its reputed power of swallowing fire. The 
fact is, that in the breeding season this bird is remarka- 
bly fond of red pepper, after eating two or three cap- 
sules of which, it will bite at a red coal if presented to it. 
The khaledge is met with in the thickets which overrun 
the gorges of the mountains near Noakote. The sarus, 
wild goose, wild duck, and several others of the feathered 
species common to Bengal and the rest of the countries 
to the southward of Nepaul, are occasionally seen in this 
and the adjacent valleys ; where, however, they merely ap- 
pear as birds of passage, making Nepaul only a stage in 
their flight from Hindustan to Thibet. 

Minerals. The stones and ores collected in the country indicate 
the existence of a variety of minerals in the mountains of 
Nepaul, such as iron, lead, copper, &c. It was formerly a 
prevalent idea amongst the Hindus, from whom it was re- 
ceived by the British, that the country contained mines 
of gold. The only foundation for this notion appears to 
be, that in the course of commerce the gold of Thibet 
passed into Bengal and Bahar through Nepaul; or that a 
few grains of gold were occasionally collected in the sands 
of the rivers, or found in the consecrated pebbles of Gun- 
duck ; or sometimes that specimens of gold ore have been 
sent to the governor-general by way of presents or curio- 
sities. Other accounts of gold mines may also be referred 
to the circumstance of scanty particles of gold being found 
in the beds of torrents from the mountains. With regard 
to silver, it is said that some veins of it have been disco- 
I vered to the westward of Noakote. But Kirkpatrick, ip 
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his account of Nepaul, suspects that it has no better foun- Nepaul 
dation than that silver has lately been found in certain ores 
which were very rich in lead ; whilst others appeared to be 
a species of galena, well worth the working for the sake of 
the silver which they contained. Several attempts had 
been made to extract the silver, but by such an unskilful 
process, that most part of the baser metal was sacrificed, 
in consequence of which the return scarcely repaid the ex- 
pense. The copper is found quite near the surface of the 
earth, the ore being dug from trenches open above, so that 
the work is entirely interrupted by the rainy season. 

Those ores are found in several varieties, and are said to 
be rich and of an excellent kind. The mine is shared 
amongst certain families along with the rajah, who, there is 
every reason to believe, claims the lion’s share, and, as in 
all other parts of Hindustan, leaves the workmen a bare 
subsistence. Oude was formerly supplied with copper from 
Nepaul ; but of late years it has been superseded by Euro- 
pean copper, owing to the difficulties and expense of trans- 
ferring it to the market through a mountainous country 
without navigable rivers. The iron ore is also found near 
the surface, and is not surpassed in excellence by that of 
any other country. Sulphur is likewise abundant, and pro- 
cured in great quantities. There is no good authority for 
believing that either the ores of antimony or mercury are 
found in the territories of Nepaul ; but the western parts 
abound in arsenic and pyrites, though these sulphureous 
ores are no longer worked, on account of the deleterious ef- 
fects occasioned by the operation. Stone is found in abun- 
dance and variety, particularly jasper and marble ; but the 
houses are universally built of brick, because the use of 
stone, though abounding everywhere, is prevented by the 
expense of carriage in a country where the roads do not 
admit of wheel-carriages, and where there is no navigation,. 

There is said to be a considerable mass of rock crystal near 
Ghoorkha, and limestone as well as slate abounds every- 
where; yet there are no limekilns in the country, the only 
cement employed being mud, which, the natives pretend, 
answers better in their humid climate than mortar. 

The alpine region belonging to Nepaul is about the same Moun- 
breadth of thirty or forty miles from north to south. Scat- tains, 
tered peaks are here seen covered with perpetual snow, 
until, in advancing to the boundaries of Thibet, everlasting 
winter reigns. This inhospitable region consists chiefly of 
immense rocks rising into sharp peaks and tremendous pre- 
cipices, covered with snow, and almost constantly involved 
in clouds. Some of these mountains are estimated to rise 
25,000 feet above the valley of Nepaul. The rains here 
are periodical, as in thq plains of Hindustan, and fall in 
the hottest season of the year. The snowy ridge of the 
Himalaya Mountains, though it has a winding course, has 
few interruptions, and is in most places impassable. Seve- 
ral rivers which take their rise in Thibet make their 
way through the mountainous ridges, but by such narrow 
chasms, and amidst such enornaous precipices, that these 
openings afford no practicable communication between the 
mountains and the plains. In the mountain passes no sort 
of baggage or merchandise is transportable, except on the 
shoulders of hill porters. The price of this carriage is re- 
gulated by the government. 

The numerous valleys which are interspersed through- Pop^ia. 
out the mountains of Nepaul are inhabited by a variety oftion. 
mixed races. The aboriginal inhabitants appear, from their 
physiognomy, to have been of Tartar or of Chinese origin, 
and to have had no resemblance to the Hindus either in 
features, religion, or manners. Before their arrival they 
had no idea of caste. The period when these mountainous 
regions were first invaded by the Hindus is uncertain ; but, 
according to the most authentic traditions, it is supposed 
to have taken ^place about the fourteenth century. The 
Hindus who now inhabit these mpuptains were,aboi|t this 
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IT&paul. period driven from their country by the invasion of the 
’^-*"v~^Mahommedan sovereign of Delhi, who made proposals to 
marry a daughter of the rajah of Chitore, celebrated for her 
beauty. This offer was refused, and the consequence was 
that his city was captured and destroyed ; and, to avoid the 
hated yoke of the conqueror, great numbers of the inhabi- 
tants fled to the mountains. Many of the chiefs amongst 
the mountain tribes, accordingly, claim descent from these 
Chitore princes, although on doubtful grounds. There are 
a fewrajpoots whose claims to a pure descent from the Chi- 
tore family are allowed ; and the families of the mountain 
chiefs who have adopted the Hindu rules of purity, and 
some even who have neglected this, are now admitted to 
be rajpoots ; whilst, on the other hand, the purity of the 
Chitore blood has been so often contaminated by alliances 
with the Tartar and Chinese races, that several of the 
Chitore family have acquired the Tartar countenance, and 
some of the mountain tribes, by intermarriages with pure 
rajpoots in a low station, have acquired the oval faces and 
high noses of that remarkable race. The original purity 
of the rajpoot blood having been thus lost by indiscrimi- 
nate alliances, all the hill chiefs, whether their descent 
from the Chitore family be real or pretended, are now call- 
ed rajpoots, and hold the principal offices, civil and mili- 
tary, of the petty states into which the country was subdi- 
vided before Nepaul was subdued by the reigning family of 
the Ghoorkhas. In the eastern parts of the country the abo- 
riginal tribes still remain ; and, until the predominance of 
the Ghoorkhas, they enjoyed unmolested their customs and 
religion. But west of the Cali the case is different, almost 
all the inhabitants claiming a descent from the Hindu co- 
lony. They accordingly consist principally of the two su- 
perior classes of Hindus, or brahmins and chetrees, with 
their various subdivisions. 

East of the Cali the tribes which possessed the country 
were chiefly, 1. Magars, who occupied the lower hills in the 
western parts, aivd were very soon converted to the brahmin 
doctrine of abstaining from beef. They are at present enlist- 
ed by the Ghoorkha sovereigns, and compose a great majo- 
rity of their troops. 2. The Gurungs, a pastoral tribe, shift 
their abode between the mountains and the valleys with 
the summer and the winter. They still adhere to the lama 
priesthood and the Buddhist religion. They cultivate with 
the hoe, are diligent miners and traders, and employ the nu- 
merous flocks which they possess in conveying their goods 
to market. 3. The Jariyas form a numerous tribe, and inha- 
bit the lower hilly region between the Cali and the Nepaul 
valley, and are now nearly all converted to the brahminical 
doctrines. 4. The Newars are an industrious people, fol- 
lowing agriculture and commerce, and are more advanced 
in the mechanical arts ti’an the mountain tribes. The 
greater part of them adhere to the tenets of the Buddhists: 
though they have adopted the distinctions of caste, they 
do not acknowledge the lamas, and have a priesthood of 
their own. The more fertile par t of v\ iiat is called Nepaul 
Proper was chiefly occupied by the Newars, a race addict- 
ed to agriculture and commerce, and far more advanced in 
the arts than any other of the mountain tribes. Their 
style of building, and most of their arts, appear to have 
been introduced from Thibet. All the Newars burn their 
dead ; they eat bufialoes, sheep, goats, fowls, and ducks, and 
are addicted to the immoderate use of spirituous liquors. 
They live in towns or villages, in houses built of brick ce- 
mented with clay, and covered with tiles; these houses are 
three stories high, the ground-floor being allotted to the 
cattle and poultry, the second to the servants, and the third 
to the family of the owner. Their rooms are low, and have 
a mean and dirty appearance, and, besides, are infested with 
vermin, which, in addition to the filth, the offals of the 
shambles, and the blood of their sacrifices collected in the 
streets, give their towns an exceedingly offensive aspect 
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to Europeans. The Newar women are never confined to Nepaul. 
the house. At the early age of eight years they are car- 
ried to a temple, and married, with the usual ceremonies 
of the Hindus, to a fruit called ull; and when they arrive 
at puberty the}^ are betrothed to a man of the same caste, 
and the parents give a dower to the husband, or ratlier 
her paramour, their manners being extremely licentious. 

Like the women amongst the Nairs, they may in fact have 
as many husbands as they choose, being at liberty to di- 
vorce them as often as they please, and upon the slightest 
pretences. The Newars are peaceable, industrious, and 
even ingenious; much attached to the superstition which 
they profess, and now reconciled to the chains imposed on 
them by their Ghoorkha conquerors- Their occupations 
are chiefly those of agriculture ; and they are, besides, al- 
most exclusively employed in the arts and manufactures 
of the country. They are generally of the middle size, 
possessed of great corporeal strength, with broad shoulders 
and chest, very stout limbs, round and rather flat faces, 
small eyes, low and somewhat spreading noses, and open 
and cheerful countenances, with little or no resemblance, 
according to Kirkpatrick, to the Chinese countenance. The 
complexion of the women Is somewhat between a sallow 
and a copper colour. 5. The Dhenwars and Mhanjees are 
the husbandmen and fishers of the western districts. 6. 

The Bhootias. Though some families of this race arc plant- 
ed in the lower lands, they occupy, generally speaking, 
such parts of the mountainous country as are mcludetl in 
the Nepaul territories. They shave their heads, and ob- 
serve many idolatrous rites and customs. 7. The IMianras 
are a sort of separatists from the Newars, and arc suppos- 
ed to amount to 5000. They observe many of the custtuns 
of the Bhootias. To the eastward some districts of the 
Nepaul dominions are inhabited by tribes, such as tiie Lim- 
booas, Nuggerkootees, and others, of whom Hctlc more is 
known than the names. 

With regard to the number of inhabitants within the 
bounds of Nepaul, we have no data to form any thing like 
an accurate estimate. Tlie wild and rugged nature of the 
country gives no ground to suppose that the population is 
considerable. It is in the valleys timt the population is 
collected; and these, says Kirkpatrick, with the exception 
of Nepaul and two or three others, are little better than 
mountainous cavities. Even the Terriani, or low belt of 
land which runs along the southern frontier, is but indif- 
ferently peopled, the villages beirig, according to the tra- 
veller already mentioned, very thinly scattered, and mean 
both in their appearance and in their size. The 
themselves give the most exaggerated account of their 
inumbers. They reckon their population by houses ; and 
to Patan, their largest town, they assign 24,000 houses, 
to Bhatgong 22,000, and to Caimandoo 10,00lh This 
would give a population of 640,000. There are, besides, 
many large vill^es and towns scattered around Kirtee- 
poor, containing 12,000 houses; Theamee, Buneba, Fhar- 
ping, Funonlee, Dhulkill, Chappagang, all cotUatning from 
6000 to 7000 houses ; and, besides these, there are reck- 
oned between twenty and thirty smaller, of from 1000 to 
4000 houses, all within the valley of Nepaul. But this 
gives a population that sets prob«d)iUty at defiance, and is 
considered, both by Frazer and Kirkpatrick, m a glaring 
fallacy. According to the latest accounts, the population of 
N^ul is estimated at nearly two millionji. 

The lands are held by various tenures. Those const!- state rf 
turing crown-lands, or the rajalfs immediate estates, are property, 
chiefly situated in the Ghoorkha territory, though there is 
hardly any portion of the Ghoorkha conquests in which 
the prince has not appropriated land to his own use. Some 
of these lands are cultivated by husbandmen, who receive 
a share of the produce ; others are tilled by the neighbour- 
ing husbandmen, who are obliged to dedicate a certain 
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Nepaul. number of days in the year to this service. From such lands 
the rajah draws all the supplies necessary for the support 
of his household. The brahmins also possess lands, the 
title to which they receive by royal investiture. These 
lands are rent free, saleable, and hereditary ; but they may 
nevertheless be alienated for certain crimes. Their pro- 
prietors are bound to the reigning prince for nothing beyond 
their prayers, though they sometimes consider it as prudent 
to conciliate him by more substantial gifts. Another tenure 
by which land is possessed by the Newars, is the payment 
of a considerable fine when the original titles are con- 
firmed, which must be renewed on the accession of each 
prince. Other lands pay a rent to the crown, or to the jag- 
hiredar (proprietor), in proportion to their produce. The 
khyra and barilands are those which are destitute of 
springs or running water, and which, requiring consider- 
able labour, yield, after all, no very profitable return.' 
These pay a rent according to their produce, which is es- 
timated by the number of spades or ploughs employed. 
Widows may cultivate as much of this land as they Can, 
without paying any rent at all. The kaith or plantation- 
lands, which are well supplied with water, and, being situ- 
ated in the valleys, are fruitful, and yield all the superior 
kinds of grain, pay the half of their produce to the culti- 
vator, who in return defrays all the charges of tillage, with 
the exception of the seed. These lands are reckoned to 
yield from twenty to thirty fold; and they pay different rates 
to the proprietor, according to the value of their produce. 
Military The whole population of Nepaul are liable to military 
force. service in times of public danger, though they are not re- 
gularly trained to arms. But there is a standing army 
dispersed over the country, besides a large force always in 
the capital, amounting to 80,000 or 85,000 troops. These 
troops are regularly trained, disciplined, and oflScered after 
the manner of European troops ; and they likewise affect 
the European exercise, dress, and arms. The regular 
force of Nepaul has so long been accustomed to active 
service and to constant victory, that they have acquired 
all the qualities of veteran soldiers, a fearlessness of dan- 
ger, and a contempt of any foe opposed to them. ‘‘ They 
have,” says Frazer, much of the true and high spirit of 
a soldier, that setting of life at nought in comparison of 
the performance of duty, and that high sense of honour 
which forms his most attractive ornament, and raises his 
character to the highest.*^ These qualities were frequently 
displayed in the course of the campaign with the British, 
against whose overwhelming attacks fortresses were de- 
fended with a determined bravery, and a patient endu- 
rance of famine and misery, that were truly exemplary. 
And when they at length surrendered a fort which was no 
longer tenable, they deplored their hard fate, called them- 
selves wretched men that ought rather to have died, and 
refused to return to their native country ; whilst the courte- 
sy they showed to the British, and the reciprocal good ofii- 
ces received and returned, resembled more the generous 
spirit of European warfare, than the cruel practices of the 
East. The expenses of the military establishment are most- 
ly defrayed by assignments of land, though in some in- 
stances the soldier receives his pay from the treasury, and 
occasionally from the public granary ; others are paid partly 
in money, and partly in land ; but the most usual mode, and 
the one most agreeable to the troops, is by putting them in 
possession of tracts of land, on which they generally settle 
their families, whom they can maintain better in this man- 
ner than by any pecuniary stipend. There seems no fixed 
rate of reward for different ranks, a good deal depending on 
the interest of the parties, and other incidental circumstan- 
ces. One of the captains of the rajah’s company of guards 
informed Colonel Kirkpatrick, that the lands which he held 
yielded him 180 rupees a year, and that he received an ad- 
ditional sum in money of 280 rupees ; but added, that he was 
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better off when he belonged to a private company. It may Nepaul. 
be added, that government evinces great consideration for 
its military and public servants, being particularly indulgent 
to their widows, orphans, and other destitute branches of 
their families. The soldiers are in general stout, thick, 
and well-built men. They are very brave, and prefer close 
fighting, giving an onset with a loud shout. During the 
war with the British they attacked with great valour and 
impetuosity, advancing to the very muzzles of the cannon. 

They understand the use of the sabre ; and each man 
wears, besides, a cookree,” or long crooked heavy knife, 
which may be used in war, but is also of great use in all 
common operations where a knife or hatchet is required. 

The soldiers also carry a long sort of matchlocks or mus- 
kets. The officers, besides the sword and shield and 

cookree,” carry bows and arrows, which they use very 
dexterously. The sword which they use has the edge 
curved inwards like a reaping hook, but far more straight, 
and very heavy, particularly at the point, where it is very 
broad, and ends abruptly square. A few small guns are 
used ; but they are confined to the walls of forts, and never 
carried into the field. 

The government of Nepaul is essentially a despotism, Govern- 
and is good or bad according to the character or temporary wient. 
views of the reigning prince. It is no doubt slightly ame- 
liorated by the authority of immemorial customs, and the 
influence of religion, which no prince, however despotic, 
can safely disregard ; as well as by the occasional opposi- 
tion of the aristocracy or chiefs. But the great body of 
the people derive little benefit from the struggle for power 
between the prince and his nobles. They seem to possess 
no civil rights, and are at the mercy of their rulers for 
whatever treatment the latter think proper to give them. 

It was observed by Kirkpatrick, in the course of his jour- 
ney into the country, that the carriers were pressed, with- 
out ceremony, into the service of government, and com- 
pelled to work without any promise of pay ; and in the 
war with the British, a detachment of troops, because they 
yielded a post to the enemy which they could no longer 
hold, were punished with extraordinary cruelty, being mu- 
tilated in their faces in the most shocking manner. In Eu- 
rope the progress of improvement has modified the rigour 
of the most absolute governments ; but in Nepaul, as in 
all the Asiatic states, despotism grows up to the most 
frightful maturity in the congenial soil of ignorance ; and 
although the arbitrary will of the prince may be opposed 
by the force of circumstances, yet there is no permanent 
security for life and property, such as is derived from the 
authority of fixed laws. The administration of public af- 
fairs is carried on by various officers. The first of these is 
the choutra or prime minister to the rajah, to whom he is 
invariably akin. His business is to receive and examine 
all written and verbal communications regarding public 
business, and to act as a sort of comptroller-general over 
the inferior departments of administration. He holds his 
office during the pleasure of the prince, to whom he sub- 
mits all his reports on matters of state ; and the former, if 
he see proper, refers them for further investigation to a 
court of inspection appointed for the purpose. He is paid 
by a commission or fine on every rice plantation, with the 
exception of those of the Thurgars or nobles and the mili- 
tary. Secondly, the kajees are four commissaries who 
superintend all civil and military affairs, and are employed 
in the collection of the revenue, and in the management 
of the Jaghire lands. They are paid by a tax of one rupee 
on all taxable lands. Thirdly, the sirdars command the 
armies of the state, and likewise participate in the ma- 
nagement of civil business. Fourthly, the kurdars act as 
secretaries, preparing all communications from the rajah to 
foreign powers, or to the officers of state. Fifthly, the kup- 
perdar and the xuzanchee have the charge, the one of the 
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NepauL rajah's private wardrobe, jewels, and kitchen; and the 
other of the public wardrobe, from which honorary dresses 
are issued^ All these officers are paid by a moderate duty 
upon all taxable lands. Sixthly, the ticksali or superin- 
tendent of the mint is paid by a commission on the im- 
port duties from Thibet, and on a tax payable by all na- 
tives of Nepaul who return to their country from Lehassa, 
Diggercheh, or other parts of Thibet. This tax is exact- 
ed with a good deal of rigour. Seventhly, the dhurma- 
udhikar is the chief criminal judge, who commissions all the 
inferior judges, excepting those who officiate in the farmed 
districts. The fees in this department are very great; 
and as most crimes are punishable by fine, the penalties 
constitute a large source of emolument, which does not 
by any means favour the pure administration of justice. 
Civil questions regarding property are decided by ano- 
ther tribunal, the members of which are usually brahmins. 
Over this court the criminal judge sometimes presides. 
Intricate questions are occasionally referred to a supersti- 
tious ordeal, in which chance decides ; and this barbarous 
process is a sure index to the manners of the people, and 
to the low state of their civil institutions. There is, be- 
sides, a superintendent of the police, a minister who is em- 
ployed in complimentary embassies to foreign powers, or 
in carrying orders to public officers. The soubahs are go- 
vernors of districts, or farmers, and government collectors, 
acting as officers of revenue, of justice, and of police ; and 
the omrahs are commanders of military posts. 

Revenue. The public revenue is derived from land-rents, customs, 
fines of various sorts, and from mines. Annual presents 
are made by the soubahs, and by every one who approach- 
es the court; and a sort of arbitrary income-tax is besides 
levied from all ranks, even the sacred order, who possess 
free lands, not being exempted. An officer is often em- 
ployed for the express purpose of collecting this tax, which 
is rated according to the exigencies of the state, and which 
mounts up in many districts to more than the regular re- 
venue. According to Colonel Kirkpatrick, who visited the 
country in 1792, and who derived his information from 
good authority, the revenue actually remitted to Catman- 
doo never exceeded thirty lacs of rupees (L.300,000), but it 
sometimes fell to twenty-five lacs. The subsequent con- 
quests by the Ghoorkha sovereigns were not productive of 
a great increase of income ; and the reduction of territory 
by the last war would of course occasion a corresponding 
diminution. The export duties, and the profits on the sale 
of elephants, bring in from three to four lacs of revenue. 
The import duties levied on the trade from Thibet, included 
under the mint, as the returns consist chiefly in silver bul- 
lion, amount to about seven or eight lacs. The duties on 
salt, the profits on saltpetre, which appears to be a mono- 
poly, on copper and iron mines, and the produce of the 
land-tax, may be estimated at from fifteen to eighteen lacs. 
Formerly the inhabitants of Thibet were supplied with a 
silver currency from the mint of Nepaul, on which the 
treasury gained a profit of a lac of rupees. 

Trade. The trade of Nepaul is by no means so extensive as it 
might be if it were conducted under proper regulations ; 
being shackled by monopolies for the benefit of govern- 
ment, or of a few favoured merchants, who labour to pre- 
serve their privileges by the most invidious and corrupt 
means in their power, and by other injudicious restraints. 
But, at the same time, the surplus produce of so poor a 
country could scarcely afford the basis of an extensive 
trade; and it was accordingly rather the medium of com- 
munication between other countries, than remarkable for 
the extent of its own commerce. Formerly merchants 
from Cashmere carried their manufactures to Kutti and 
other towns in Thibet, and received in return the wool 
produced in these countries from the shawl goat. Such 
portions of these manufactures as are not used in Thibet 


were exported by the way of Teshoo Loomboo and Lassa, NepauL 
to Siling or Sining on the frontiers of China, and partly 
sent to Catmandoo by way of Patna. The principal goods 
imported in return to answer the demand of Cashmere and 
Nepaul were teas and silks ; and from Patna, it is said, they 
exported otters' skins to a great amount, procured from 
the neighbourhood of Dacca. The articles imported into 
Nepaul from Thibet are coarse woollen cloths, paper, horses, 
sheep, shawl goats, chowrj^ bullocks, chowries or cow-tails, 
musk-deer, dogs, falcons, pheasants, salt, sal-ammoniac, * 
hurtal or yellow arsenic, borax, quicksilver from China, 
gold in grains and in small lumps, antimony, rugs or coarse 
blankets, munijheet or Indian madder, chorris or extract 
of hemp, besides various medicinal drugs and preserved 
fruits, such as almonds, walnuts, raisins, dates. Of these 
articles, the greater part of the musk, chowries, hurtal, 
borax, and bullion still find their w^ay to Patna; whence in 
return are sent north, buffaloes, goats, broad clotli, cutlery, 
glass ware, and other European commodities, Indian cotton 
manufactures, mother of pearl, pearls, coral, beads, spices, 
pepper, betel nut and leaf, camphor, tobacco, tin, lead, ssinc, 
and phajoo, the red powder thrown by the Hindus during 
the hooly. Besides these articles, utensils in wrought cop- 
per, brass, bell-metal, and iron, are sold to the merchants of 
Thibet. The borax and salt are said to be brought from 
a lake which is situated nearly north from Catmandoo, about 
fifteen days' journey beyond tlic Brahmaputra. The car- 
riers of these articles are a large kind of sheep, wdth four 
horns, which appear to be the common beasts of burden in 
all countries towards the sources of the Indus, Ganges, 
and Brahmaputra. Formerly the lamas of Lassa and Te- 
shoo Loomboo sent a large sum in bullion to be coined at 
the mint of Catmandoo, on which an allowance of foui 
per cent, was made for the coinage. But tlie rapacity of 
the rajah induced him to alloy the rupee to the amount of 
eight per cent., which had the efiect of putting an entire 
stop to this source of revenue. 

The Newars are almost the only artisans in Nepaul ; Matiufac* 
and they appear to be acquainted with and to exercise turcs 
most of tlie handicraft occupations of their neighbours. 

The Newar women of all ranks, as well as the men, of tiie 
hill-tribe of Mugar, weave two sorts of cotton cloth, partly 
forborne use and partly lor exportation. These cloths arc 
the dresses of the middling and lower clai>>eK, altlumgh 
woollens would be much better fitted for the cold climate 
of a Nepaul winter. Those, accordingly, wlio are not very 
poor, wear woollen blankets, which mre muinilactured by 
the Bhooteas, who wear nothing else. The dress «if the 
higher ranks is not manufactured at home, but is impart- 
ed, consisting of Chinese silks, shawls, low country mus- 
lins, and calicoes. European broad cloth is worn by the 
military alone. They work very well in iron, copper, brass, 

&c. ; and in Lalita, Fatan, and BImtgong, there are consi- 
derable manufactories of these articles, and also of a spe- 
cies of beli-metal. One bell which was manufactured at 
that place me^ured five feet in diameter. Tim Thibet 
bells are superior to those of Nepaul, though a great many 
bell-metal vessels are made by the Newars, and exported to 
Thibet, along with those of brass and cop|)ef* They are 
likewise particularly ingenious in carpentry ; but it is re- 
markable that they never use a saw, dividing their wood, 
of whatever size, by a chisel and mallet. They are skilful in 
gilding ; and they manufacture at BImtgong, from the bark 
of a shrub, a very strong paper, remarkably well suited for 
packages. They distil spirits from rice and other grains, 
and also prepare a fermented liquor from wheat, munooa, 
rice, Sec, which they call jhaur. It is made mmcwlmt in 
the manner of malt liquors, but is more intoxicating. The 
Newar peasants use it in the same manner, and consider 
it as necessary for tlieir comfort as the labouring people of 
Britain do porter. 
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NepauL The early history of Nepaul, like that of most of the 
eastern countries, is buried under a mass of fable. The in- 
History. habitants exhibit a list of princes for several thousand years 
back, which is given in Colonel Kirkpatrick’s work, but 
without any evidence of their authenticity. It is doubtful 
whether such persons ever existed. We know, however, 
that Nepaul was the scene of important revolutions, though 
it never was subjected to the Delhi emperors, or to any of 
the other great Asiatic powers. It is said to have been 
completely subdued in a. d. 1323, by Hurr Singh, one of 
the princes of Oude, who was driven out of his own pos- 
sessions by the Patans. But from that period there exists 
no accurate information respecting the dynasties which 
ruled during the interval, or the race of princes who go- 
verned Nepaul at the time of the Ghoorkha conquest. Run- 
jeet Mull was the last of the Surya Bansi race, or children 
of the sun, that reigned in Nepaul. He formed an alliance 
with Purthi Nirain, which ended in the loss of his domi- 
nions, of which he was stript by his ally in the Newar year 
890 or 888, corresponding to a. d. 1768. He possessed 
great courage and insatiable ambition, and was indebted 
for his success in war to his introduction of firelocks and 
European discipline amongst his troops. It was in his reign 
that Captain Kinloch, with a British force, endeavoured to 
penetrate into Nepaul. But, from the sickness of the troops, 
and the difficulty of the country, the enterprise was aban- 
doned. Purthi Nirain died about three years after the 
final conquest of Nepaul, is, in the year 1771. He 
left two sons, Singh Pertaub and Behadur Shah, the former 
of whom succeeded to the throne, and, conceiving a jealousy 
of his brother, threw him into prison, whence he was with 
difficulty released by the interference of one of the spiritual 
guides of the Ghoorkha family, on condition that he should 
live in exile. Singh Pertaub, after having extended his 
father’s conquests, died in 1775, leaving one son, who was 
an infant. Behadur Shah, on the death of his brother, re- 
turned from his exile to Catmandoo, and, having placed his 
nephew on the throne, assumed the office of regent. But 
the mother of the infant prince, Rajender Letchemi, con- 
trived to supplant Behadur Shah in his office, and even to 
secure the person of her rival. Through the mediation, 
however, of one of the priests, an accommodation took place, 
and Behadur Shah was thus enabled to seize and confine 
the ranee in his turn. Neglecting, however, to conciliate 
the chief men of the state, he was again driven into banish- 
ment, from which he did not return till the death of the 
princess, when he re-assumed the regency without opposi- 
tion. In the course of his administration, Palpa, and many 
other petty states to the westward, Bhote to the north, 
and Sikkim to the east, were compelled to submit to the 
rule of the Ghoorkhas. 

Towards the close of the administration of Mr Hastings 
in India the Ghoorkha sovereigns were involved in hostili- 
ties with Thibet, and finally with China. The Teshoo Lama 
of Thibet having proceeded to Pekin, died soon after his 
arrival in that city. His brother, Sumhur Lama, taking 
advantage of his absence, fled from Lassa to the rajah of 
Nepaul, carrying along with him a considerable quantity 
of treasure ; and he made such representations to the Ne- 
paul government that their avarice was inflamed, and hav- 
ing marched a body of troops to Lassa, they extorted from 
the lama a tribute of three lacs of rupees. In 1790 they 
despatched to Teshoo Loomboo, the residence of another 
sacred lama, a second body of troops, amounting to 7000 
men, who pillaged the place and the sacred temples, and 
succeeded in carrying off a large booty, though closely pur- 
sued by a Chinese army, and though, from the severity of 
the weather, they lost 2000 men in their retreat. The em- 
peror of China, as the terrestrial superior of the lamas, and 
their worshipper and protector, incensed by these unpro- 
voked aggressions, despatched an array of 70,000 men 


against the Nepaulese, who were overthrown in repeated 
battles ; and the Chinese army advanced to Noakote, within' 
twenty-six miles of Catmandoo, and sixty of the British 
territory of Bengal. A peace was at last concluded, though 
on terras ignominious to the Nepaulese, who were com- 
pelled to become tributaries to the Chinese, and to refund 
the spoil which they had taken from the Thibet lamas. It 
does not appear, however, that this tribute was ever ex- 
acted. It was about this period that Lord Cornwallis at- 
tempted to conclude a treaty of commerce with the Ne- 
paulese ; but every proposition of this nature was frustrat- 
ed by their extreme jealousy. 

The queen-regent died in 1786, when the care of the 
young rajah devolved entirely on his uncle Bahadur Shah, 
who was accused of having, from disgraceful motives, en- 
couraged the rajah in his debaucheries, in hopes of bring- 
ing him into contempt, and of thus securing to himself the 
reins of authority. In this expectation, however, he was 
deceived, as the rajah, in 1795, when he had entered into 
his twentieth year, suddenly announced to his uncle that 
he had now resolved to assume the reins of government, 
and being supported by a large proportion of the nobles, 
Bahadur Shah, making a virtue of necessity, forbore ail 
resistance, and received in return assurances of the most 
distinguished favour. The young rajah rendered himself 
extremely popular during the first year of his reign. But 
this fair prospect was speedily overcast, and the youth plun- 
ged into all the excesses of the most furious despotisrn and 
cruelty. His first act was to arrest his uncle, and, loading 
him with chains, to throw him into prison, where he was 
starved to death. He daily tortured and mutilated his 
subjects, and beheld their sufferings with savage joy. In 
his outrages he made no distinction of age or sex. Wo- 
men of all castes, even those belonging to the sacred or- 
ders, were seized, and subjected to abuse from the vilest 
characters. In 1797, he had a son by a brahmin widow, 
who being taken seriously ill neitt year, and finding her 
end approaching, reminded the rajah of the prediction of 
astrologers, that he would never complete his twenty-fourth 
year, and entreated that he would provide for the unpro- 
tected orphan they were about to leave. The rajah, rely- 
ing implicitly on the superstitious prophecy, immediately, 
and in the most solemn manner, before all the chiefs, ab- 
dicated the throne in favour of his son, though illegitimate, 
and an administration was then appointed, over which one 
of his ranees or queens was appointed to preside. The ab- 
dicated monarch' now devoted his whole time to attendance 
on his favourite widow, who, notwithstanding all his atten- 
tion, and rich offerings at the different temples, soon after- 
wards expired. In his affliction he became quite frantic, 
and perpetrated atrocities, the bare mention of which 
causes the Nepaulese still to shudder, and which are too 
shocking to be narrated. Amongst various enormities, he 
directed the sacred temple of Bahvani to be demolished, 
and the golden idol, which was a venerated object of wor- 
ship, to’ be ground to dust ; and when the soldiers to whom 
he had issued the orders demurred at such an act of sacri- 
lege, he commanded boiling oil to be poured on their nake^i 
bodies. Nor were any exempt from his rage. Neither 
rank nor caste afforded any protection from nis violence. 
Even the first members of the government were scourged 
without merpy, and otherwise tortured. A confederacy 
was at last formed against the tyrant, who finding himself 
abandoned, absconded during the night, and fled to Be- 
nares, which he reached in May 1800. 

A close connection with Nepaul had always been a fa- 
vourite object with the British rulers of India, and the 
flight of the rajah to Benares appeared to present a fair 
opportunity for bringing it about. A treaty of alliance 
was accordingly concluded between the two states, by 
Captain W. D- Knox, who was appointed ambassador, 
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Nepaul. and who proceeded to Catmandoo for the purpose in 1802. 
The terms of the treaty were considered as favourable to the 
British interests ; the Nepaulese being anxious to secure 
the influence of such powerful neighbours against the fac- 
tion of the abdicated rajah, who still contended for his re- 
storation. But whatever advantages were attained by this 
treaty, were ultinaateiy rendered nugatory by the jealous op- 
position of the subordinate officers amongst the Nepaulese, 
who were probably instigated by their chiefs, the latter be- 
ing entirely unable to fulfil the obligations which they had 
entered into. 

The residency at Catmandoo was accordingly withdrawn 
in the year 1804. About this time* the abdicated monarch, 
Run Bahadur, by the able management of his ^ueen, whom 
he had always ill treated, was restored to his former au- 
thority. But as he continued to rule with his former bar- 
barity, his reign was of short duration ; in 1805 a conspi- 
racy was formed against him, which terminated in his as- 
sassination. His death was succeeded by the most violent 
conflicts between the adverse parties in the state, and did 
not terminate until nearly the whole of the nobles at Cat- 
mandoo had perished. The surviving adherents of the 
late rajah having at length secured the person of his son, 
seized on the reins of government, putting to death such 
of the opposite party as still remained. 

But during all these intestine commotions, it is remark- 
able that the Nepaulese still extended their conquests on 
every side. To the west of Catmandoo, and towards the 
, Sutlege, the hill-chiefs were distracted by mutual jeal- 
ousies, and by no means in a condition to form a league for 
their mutual defence. They were accordingly subdued 
one after another by the armies of the Ghoorkhas, who very 
soon made themselves masters, without the aid of artil- 
lery, of every hill-fort, from the Ganges to the Sutlege. 
When their movements first attracted the notice of the 
British government, their chief was vigorously prosecuting 
the conquests of these states ; and as he advanced west- 
ward, he erected strong forts and stockades at convenient 
positions, namely, Almorah, Serinagur, and Malowa. The 
Sikh frontier was also guarded by a strong line of fortified 
posts j and thus the consolidation of the Ghoorkha empire 
proceeded with a slow but sure progress. The extensive 
tract which lies between Catmandoo and the Sutlege was 
held in firm subjection by a strong military force, whilst to 
the east the Sikkim rajah was deprived of half his territo- 
ries, and compelled to pay a tribute for the remainder. 
To the north the progress of conquest was restrained by 
the Chinese power, with which the Ghoorkha chiefs had al- 
ready found themselves unable to cope, and also by a lofty 
range of barren mountains. But the fertile and low situat- 
ed plains of the south presented a more alluring prospect, 
and greater probabilities of success in a contest with a new 
and untried power. The consequence was a series of en- 
croachments along the whole northern frontier of the Bri- 
tish possessions, especially in the district of Gorruckpoor 
and Sarun. The British remonstrated against these pro- 
ceedings, and an investigation into the respective claims 
of the two powers was commenced by commissioners joint- 
ly chosen, the result of which being entirely favourable to 
the British, a detachment of regulars was ordered to take 
possession of the debateable ground. But these being 
withdrawn during the rainy season, the chief police sta- 
tion upon the frontier was attacked by large bodies of Ne- 
paulese, and the officers were compelled to fiy, with a loss of 
eighteen killed and six wounded. Shortly afterwards a se- 
cond attack was made on another police station, and several 
persons were killed, after which the whole body was with- 
drawn ; and, in 1814, the war commenced. A brief account 
of the operations of this war will be found under the article 
Hindustan ; it is only necessary here to state gene- 
rally, that the invasion of the Nepaulese dominions was 


commenced on the western frontier, beyond the Jumna Nepaut 
and near the Sutlege, the country there being considered 
as of easier access than the mountainous barrier which 
bounds the Nepaulese dominions on the side of Bengal. But 
the British troops, in attempting to storm the stockades 
and hill-forts, were repeatedly driven back with severe 
loss, and suffered reverses to which they had been wholly 
unused in the wars of India. Here it was that the brave 
General Gillespie was slain, whilst he w^as encouraging his 
troops, who had been repulsed, to renew the attack. In 
1815, Sir David Ochterlony assumed the chief command, 
and by a series of skilful operations, in which he dislodged 
the Ghoorkha troops from the fortified heights of Malowa, 
and ultimately so hemmed in their renowned commander 
Ameer Singh, and his son, that they were forced to sign a 
capitulation, by which they agreed, on being pernutted to 
retreat with their remaining troops, to abandon the whole 
territory west of the Cali branch of the (xoggra. In Ku- 
maon also the British troops succeeded in driving the ene- 
my before them ; and, in consequence of these successes, a 
definitive treaty of peace was signed on the 28th of Novem- 
ber 1815. But the signature of the rajah being withheld, 
it was determined to renew the war, and to strike a deci- 
sive blow directly at the capital of the country. Prepara- 
tions for this arduous enterprise were made on a great 
scale, a force being assembled at Sarun amounting to about 
13,000 men, of whom 8000 were Europeans, besides a 
large body of irregulars, amounting in all to above 46,000 
troops. This formidable force took the field in the end of 
January 1816, and advanced from the Bettiah district di- 
rectly on Catmandoo. The greatest difficulties were en- 
countered, from the ruggedness of the country, in marcli- 
ing along the dry beds of torrents, through ravines, and 
in the face of precipices. But all these obstacles were 
overcome by the patience of the troops, and the consum- 
mate skill and science of their commander. The Ghoorkhas 
made a brave resistance, but they were overthrown in 
several severe encounters ; and the British force had now 
approached within three days^ march of their capital, Cat- 
mandoo. Deeming all further resistance vain, an ambassa- 
dor w’as sent to the British liead-quarters, to sue for peace ; 
and the unratified treaty of the year 1815 was accordingly 
duly signed. By this treaty the Nepaulese renounced all 
claims to the territory in dispute- They also ceded alt the 
conquests which they had made to tlie west of the Cali 
branch of the Goggra, and which, with the exception of 
Kumaon, the Deyrah Doon, and some other portiotis of ter- 
ritory annexed to the British dominions, were restored to 
the families of the chiefs who had reigned tliere prior to the 
Ghoorkha invasion, and who were now to rule as vassals of 
the British j it being understood, however, that the latter 
were not to interfere in the internal administration, but 
were merely to act as arbiters between rival chiefs. 

In the course of this contest with the British, the Ne- 
paulese had earnestly entreated the aid of the Chinese 
against the Europeans, whom their ambassadors represent- 
ed as desirous of acquiring Nepaul merely to serve as an 
intervening point in their progress to China. Their appli- 
cation being transmitted by the grand lama to Pekin, an 
answer was received, in which the emperor t \j»ri— ctl his 
conviction that the Ghoorklias had themselves been tlie 
cause of the war by their unjust encroachments, and de- 
clined all interference. Afler peace was concluded, the 
Chinese emperor expressed deep offence against the ruler# 
of Nepaul, who, being merely tributaries, had presumed to 
make war or peace with the British, without the sanction 
of their superior; and, to back those lofty pretensions, an 
army of 15,000 men, commanded by five generais, and at- 
tended by Chinese functionaries of superior rank, usually 
stationed at Lassa, actually advanced towards the Nepau- 
lese territories. At the request of the Nepaul ministers, 
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Ifepos. the British consented to act as mediators. But in the 
meantime they themselves despatched to the Chinese camp 
agents, who having reached it early in September 181 4 
succeeded in bringing* about the restoration of peace, and 
of all the ancient relations between the two powers. In 
1816 Ameer Sing Thappa, one of the most distinguished 
Ghoorkha commanders, who had so gallantly disputed the 
field with Sir Dav^id Ochterlony, died at the age of sixty- 
eight. To the last day of his life he was endeavouring, by 
negotiation and by every art, to excite amongst the differ- 
ent states a spirit of hostility against the British, as the 
common enemies of Indian independence. Two of his 
widows devoted themselves to death along with him ; one 
sacrificed herself on the spot, and the other was at the same 
time preparing for the fatal pile at the temple of Pushpoo- 
nath, within the valley of Khatmandu. In November 1816 
the young rajah died of the small-pox, at the age of twenty- 
one years. One of his queens and one of his concubines, 
together with five female attendants, devoted themselves to 
the funeral pile along with the corpse. He left one son, 
three years of age, named Rajindra Bickram Shah, who 
succeeded quietly to the throne, under the guardianship of 
the minister Bheem Singh Thappa 5 a very unusual circum- 
stance in the annals of Nepaul. From this time the history 
of Nepaul presents littlethatcan excite interest in a European 
mind. Intrigue, and occasional resort to rougher means, 
identify its character with that of most Asiatic courts. At in- 
tervals, however, events have occurred which, by their un- 
usual atrocity, relieve the tameness of the surrounding inci- 
dents. Such events have marked the career of the present 
prime minister, Jung Bah adoor, whose name is well known 
in England, which country he visited some years since. 
Jung Bahadoorwas the nephew of a man who had ele- 
vated himself to a high position in the administration of 
affairs. Upon the murder of his uncle, which was perpe- 
trated at the instigation of the queen, a new ministry was 
formed, and J ung was appointed to the command of the 
army. Shortly aftervrards, the new premier was assassin- 
ated, and the queen, with whom be was a prime favourite, 
demanded vengeance. Jung Bahadoor undertook the task, 

. and executed it with alacrity. An assembly of chiefs and 
nobles being convened within the palace, Jung, backed by 
a small force on which he could depend, suddenly appeared 
among them, and a general massacre raged throughout the 
building. Fourteen of the hostile chiefs fell by the hand 
of the commander-in-chief; but the bodies of his victims 
were for Jung the stepping-stones to power. Before the 
davrn of the succeeding day Jung Bahadoor was invested 
with the office of prime minister. His future career was 
not inconsistent with its commencement, A conspiracy 
was formed for his destruction 5 but Jung not only escaped, 
but seized and beheaded all the adherents of the chief con- 
spirator. The queen was banished with her two younger 
sons, and the king having accompanied them, the heir-ap- 
parent was raised to the throne. A feeble attempt was 
made by the monarch to regain his throne, but the energy 
of Jung baffled it, and the king was made prisoner. Jung 
Bahadoor has always professed a friendly feeling towards 
the British ; and at the commencement of the great mili- 
tary revolt in 1857 (the particulars of which will be found 
under the article North-Western Provinces of Ben- 
gal), he proved the sincerity of his friendship by rein- 
forcing the British army with a contingent of Ghoorkha 
troops. (d.b — ^N.) (e.t.) 

NEPOS, CoBNELius,a Latin writer, who was the friend 
of Cicero, Atticus, and the poet Catullus, and flourished 
B.c. 40. It is uncertain where he was born, but Pliny (iii. 
22, 2) calls him Padi Mola ; and his friendship with Ca- 
tullus makes it not improbable that Hostilia, near Verona, 
where that poet was born, was also his birth-place. We pos- 
sess no information respecting his private life ; but many of 
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his works are cited by later writers. His Chronicles Kepos 
or Annals^ probably in three books, of which the fragments If 

do not enable us to decide whether they were confined to 
the history of Rome, or included that of all nations. Some 
have asserted that this was a mere translation of the work 
of Apollodorus on the same subject ; but they have no suf- 
ficient grounds for so believing. 2d. The Exemplorum 
Lihri^ of which the fifth book is cited by Aulus Gellius 
(vii. 18), and which seems to have been a work containing 
remarkable transactions selected from history ; but this may 
have been only another title for his work. 3c?. The Lives 
of Illustrious Meny of which tlie sixteenth book is cited, 
and the lives we now possess, no doubt formed a part. 4th, 

The Lives of Historians (Nep. Dion, iii.), which included 
both Greek and Latin. It seems not unlikely that the bio- 
graphical sketch still remaining of Atticus, and the longer 
one of Porcius Cato, which he mentions (Cato, iii.), be- 
longed to this collection, ^th. The Letters to Cicero, which 
must have been published, as some of them are quoted by 
Lactantius {Inst. iii. 15). It would appear that he had also 
made successful attempts in poetry (Plin., Ep. v. 3). We 
possess a work under the name of Nepos, Yitce Excellen’^ 
tium ImperatOTum, which is not mentioned by any an- 
cient writer under this title. It contains short biographical 
sketches of twenty commanders, mostly Greek ; an essay, De 
Regihus, which is little else than the mere names of Greek 
and Persian kings ; and the lives of Hamilcar and Hannibal. 

There are also two other biographical sketches of Atticus 
and Cato, which used to be separated from the rest, because 
they were not found in all the manuscripts, or, when found, 
were entitled Ex lihro Corn. Nepotis de Latinis Historicis^ 
whilst the others used to be considered as the work of a 
certain JSmilius Probiis, whose name was found in all the 
manuscripts. This iEmilius Probuii was long considered as 
a contemporary of Nepos ; but he is now generally believed 
to be the prcfectus preetorius to whom Ausonius addresses 
his sixteenth epistle, and is supposed to have lived in the 
reign of Theodosius, A.i>. 370. At first, however, this work 
appeared under the name of Probus, and was thus published 
in 1471, and in the following editions, till 1563. Ghknius, 
in 1566, first directed the attention of the literary world to 
Nepos as the author; and subsequent investigation has 
nearly set the question at rest. Attempts have, however, 
been made to revive the old opinion, on the authority of 
the manuscripts and of the poetical address or dedication, 
on the silence of ancient writers to whom these lives seem 
to have been unknown, on several mistakes in history and 
chronology which appear in the work, and on the language, 
which is alleged to be unworthy of the golden age of 
Roman literature. (See the dissertations on this contro- 
versy prefixed to the editions of Lambinus (1569), Titze 
(1813), Bardili (1820), Dahne (1827), Roth (1841), and 
Benecke (1843), The most useful editions are those of 
Van Staveren (1773), Tzschucke (1804), Bremi(1820), and 
particularly Lemaire (1820). These biographies have al- 
ways been exceedingly popular as a school-book ; and the 
translations of them into various languages are numberless. 

The first English version was executed by various gen- 
tlemen of the university of Oxford,” London, 1684.) 

Nepos, Julim, a Roman emperor of the West, was in- 
vested with the purple by Leo I. in 473, was expelled from 
the throne by Orestes in 475, and was assassinated near 
Salona by two of his own officers in 480, (See Roman 
Histobt.) 

NEPTUNE (in Lat. Neptunvs or Neptumnus, in Gr. 
Poseidon), the god of the sea, was the son of Kronos 
and Rhea, and the brother of Jupiter and Juno. The 
etymology of the Greek as well as of the Latin form of his 
name is very obscure and doubtful. The ancient Dorians 
wrote the word Poteidan, in which some scholars find the 
same root as in Potos and Potamos, and the verb pino. 
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Nerbttddah Cicero derives the Latin name of the deity from the Greek 
II the Latin 7 iato ; Varro, with still less show of proba- 

bility, from nubo or obnuho, on the ground that the god 
covers or surrounds the earth with his waters. 1 he most 
feasible explanation seems to be that which connects the 
name Neptunus with the root 72ip, as found in the Greek 
nipto. When the dominions of Kronos were divided among 
his sons, the sea fell to Neptune as his share. He was 
therefore worshipped with peculiar solemnity by all mari- 
time nations ; from the earliest ages by the adventurous 
lonians, and at a later period by the Dorian Greeks. His 
favourite abode was said to be a splendid submarine palace 
at iEgae. Among the principal seats of his worship may 
be mentioned Gyrene, iEgina, Corinth, and Troezen, whence 
it was transferred to the Italian peninsula, first to Sybaris, 
and afterwards to Posidonia op Paestum. The Isthmian 
games, held in his honour at Corinth, ranked among the four 
national festivals of the Greeks. (See Istibiia.) Neptune 
plays an important part in some of the ancient myths. He 
helped Apollo in building the walls of Troy for Laomedon. 
In his contest with Minerva for the honour of giving name 
to the city of Athens, he produced the horse. On this 
account he was regarded both by Romans and Greeks as a 
kind of equestrian as well as marine deity. The Romans 
had horse-races in the circus during his festival, when all 
other horses were crowned with wreaths and allowed a 
short respite from labour. The animals most commonly sa- 
crificed in his honour were bulls, rams, and boars. Besides 
his favourite Amphytrite, by whom he had his son Triton, 
Neptune had two other wives, Salasia and Venilia. His 
statues represent him as a heavy and powerful figure, with 
tangled hair, and inferior in dignity of expression to his 
brother Jove. In his right hand he holds tlie trident, and 
with his left guides the horses yoked to the shell which 
serves him for a car. A long train of’ tritons and sea-nymphs 
follows in his wake. 

NERBUDDAH, a largo river of Hindustan, rising in the 
province of Gundwana, which, after a cotirse of TdC) iniU'S, 
falls into the Gulf of Cambay. This river has its source 
close to that of the Soane, on the elevated platcmi of Ama- 


rakantak, or Omercuntuc, at an elevation of between 3()(K) 
and 4000 feet above the sea. A Hindu temple is found in 
the centre of the table-land at Omercuntuc ; and here tlic 
Nerbuddah rises from a small well, and flows easterly in a 
smooth stream until it is precipitated from the brow of the 
table-land. From this point its course is due W., with the 
straightest course of any river perhaps in the world. It 
passes through Gundwana, Khandesh, Madwah, and Guzerat, 
and after passing the city of Broach, falls into the Gulf of 
Cambay, in Lat. 21. 35., Long. 72. 35. This river was in 
former times the boundary between Hindustan pro|>er ami 
the Deccan or southern peninsula. Ships of burthen can 
proceed up the river to Broach, where it is a noble sheet 
of water 2 miles wide, even when the tide is out ; but skil^ 
ful pilotage is necessary in consequence of numerous sand- 
banks. The practicability of improving the navigation by 
artificial means has been considered, and some years since 
instructions w^ere sent out for a survey by a competent 
officer with a view to this end. 

NEREIDS. See Nymphs. 

NEREUS, a sea-god, son of Pontus and Ge, and father 
of the Nereids, the marine nymphs of the Mediterranean. 
His wife was Doris, the daughter of Oceanus. He is de- 
scribed as a wise and kindly deity, and especially skilled in 
divining the future. (Hor., lib. i., carm. 15.) His favourite 
haunt was the Jlgean Sea, in which he lived with his daugh- 
ters. The number of Uiese nymphs is variously given as 
fifty or a hundred. (See Nymphs.) 

NERI, Filxppo db, the founder of the congregation of 
the Priests of the Oratory," was born of a noble femily 
in Florence in 1515. Prom his dliildhood he was noted for a 
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kind and pious disposition. This trait in his character began Kwja 
to appear in greater distinctness when he had completed his [| 
elementary education, and removed to Home at the age of 
nineteen. But it was not until his twenty-fourth year that 
his religious charity assumed the form of active Christian 
philanthropy. At that time he abandoned his classical and 
theological studies, sold his books that he might give the 
money to the poor, and resolved to devote the rest of his 
life to doing good to the bodies and souls of his fellow-men. 

A deep sense of sin would not permit him to enter into 
holy orders. He was tlurefore content, in the unconse- 
emted garb of a layman, to relieve the needy, to console 
the sick and the dying, to visit the prisoners in their cells, 
to plead the cause of the oppressed in the courts of jtnj. 
tice, and to instruct the ignorant in the street and by the 
wayside. The most notable of his many benevolent deeds 
at this time was the crectb>n of an asylum for sick and 
destitute strangers. In 1551 Neri, being p* r'uadcd at 
length to enter the church, saw tin* circle <»f lfs ii.ihu-nce 
beginning to widen. Several young ecclesiastics, including 
Baronins and others, who were afterwards celeliratetl, be- 
gan to gather around him, and to aiti him in his philan- 
thropic labours. Tluve he fonmnl, in I5r>h into an order, 
which, from the Italian name for a chapel, was called the 

Congregation of the Priests <»f tin* Oratory.’* ! Ii* laid ujmn 
them no monastic vows, but tni-tcd that thectmimon spirit 
of charity by which tfu»y were animatt'd ivouhl he a living 
bond of utnon betw(*t*u them. The im*w* order soon became 
distinguished f<»r its (’hri^tian zc.d atni cntiTpri;^«‘, In 1575 
Pope Grcg«»ry XIII. rec(?guiscd its UHefulue.'^s by formally 
bestowing upon it his sarjcdon. Its founder had the satis- 
faction in his old age of setdng it estaldinhed in the prin- 
cipal Italian towns. In I5b3 hi* resigntd the gemrabhip of 
the Oratory in favour of Baronins. diet! m May 1595. 

Filippo (le Neri was eanoni/cd by iiregory XV. in 
His Life has bei'U written in Latin by (lallonio, Svo, Uome, 
and by Baccl, *lto, Hoint*, lb45. His letters were 
pubibhed in Hvis Padus. 1751 ; and his treatise called 
iiVcorr/i, and several of bs^ poems, apfa*arctt in the liime 

O/lCS/iK 

a town of Soain, province of Malagii, on the 
Mediterranean. 15 inih s K. of Malaga. It is hcU ami re- 
gularly built, with broad pavetl streetn aiul three s^qimres; 
umi has a parish t lmrcb, a town-halh and three ?*cbcK»I«. 
Manufat tures of flour, stigar, linen, and pajH r, are carritnl 
on ; and there is home trade in corn, od, AUgar, ami fbh. 

Pop. 4595. 

NERO, a cognomen of the gen# Claudia, one of the most 
iilnstriotm patrician families of ancieni Home. 'Hie word# 
ac^rding to Suetoniiis, is of Sabine ori^dn, ami sfignifiea 
*Hbrtis’*and Tims, A# Wo, AVriVi, or AVriVm, 

personified Bravery A the name of the companion ami 

wife of Mars; and in tuv Ibnbrhin hnsTjuage, the often- 
rccurring Aerf i.r is explained prtmyM. The mosit 
distinguished persons who bore thij> name were, — 

1. C\ Clamim Am>. w ho signalized hitiHc b in the iccond 
Punic war by his sueecsses against ILmnibal, ami above all, 
by his splendid victory at the MetturiH tiu\ 207) over 
Hasdrutol, which completely broke the Carthaginian {lower 
in Italy. 

2. Vlaudim Drmm Aero, the atepim of Augnatms and 
younger brother of the Km|jeror Tiheriiis. hi the year 
B.C. 15, Drmus Nero, then only in Ifm twenty-third year, 
subdued the Rhietl and Vindeiici, ami during hii consul- 
ship, six years later, commanded die Roman armies in Ger- 
many, where he died. His wife wits Antonia, the daughter 
of Mark Antony the triumvir, and hy her ho had three chil- 
dren, Csesar Germaniars, the Emj crt>r Claudius, and Livilti- 
(Hor., lib. iv., carm. 4.) 

3. Claudim Cmar Nero^ the sixth of the Roman em- 
perors. His original name was Ludui Domitius. His father 
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Kertshinsk was Domitius Abenobarbus, and his mother Agrippina, the 
I daughter of Germanicus, He was born at Antium in Latium 
A.D. 37, succeeded Claudius as emperor a.b. 54, and died 
08 ^ in the thirty-second year of his age and fourteentli 
of his reign. (See Roman History.) 

NERTSHINSK, a town of Siberia, in the Transbaika- 
lian territory, at the confluence of the Nertsha and the 
Shilka, 540 miles E. by S. of Irkutsk, and about 400 E.N.E. 
of Kiachta. It is wretchedly built of wood, and consists 
of an old and a new town, at some distance from each other. 
There are several churches ; and some trade is carried on 
in furs. The district of Nertshinsk is rich in mines of 
gold, silver, and lead, in which a great number of men are 
employed. It also affords good pasturage. Pop. of the 
town (1851) 4993. 

NERVA, Marcxts Cocceius, the thirteenth emperor of 
Rome, was born at Narnia in Umbria a.b. 27, or, according 
to other authorities, in a.d. 32. He succeeded to the pur- 
ple on the assassination of Domitian, September 18, a.b. 
96, and, after a mild and equitable reign of sixteen months 
and nine days, died early in the spring of a.b. 98. Before 
his death he had adopted Trajan as his successor. (See 
Roman History.) 

NERVES. See Anatomy, and Pbysiology. 

NERVII, a nation of Belgica, whose territory was 
situated N. of the Arabiani, are first mentioned by Caesar 
at the date 57 b.c. At that time they were a simple-living, 
warlike, and patriotic people, abjuring all commerce with 
other nations, prohibiting wine and other luxuries from being 
imported into their territory, and zealously stirring up their 
neighbours to resist the coming invasion of the Romans. 
On receiving intelligence that Caesar was advancing into 
their country, they sent away their old men, women, and 
children to a place of refuge among the marshes by the 
sea-shore, and posted themselves in ambush on the banks 
of the Sabis {Sambre). The invaders had approached close 
to the place of concealment, and, unsuspicious of any dan- 
ger, were engaged in forming a camp, when they suddenly 
found themselves attacked by 60,000 fierce barbarians. 
The Romans would have been immediately routed, had not 
the invincible genius of Caesar been there to sway and turn 
the tide of battle. After a hard-fought contest, the Ner- 
vian forces were almost annihilated ; but the Nervii were 
not yet subdued. They are found, in 54 b.o., assisting the 
Eburones in the unsuccessful attack upon the camp of 
Quintus Cicero ; and it was not until the following year 
that they finally submitted to the Romans. The Nervii 
possessed two important towns, — Bagacum (JBavaz), their 
capital ; and Camaracum (Cambrai). 

NESS, Loch, a lake of Scotland, in the county of In- 
verness, stretching from S.W. to N.E. for nearly 24 miles, 
with an average breadth of a mile and a quarter. It is fed 
by the River Oich, from Loch Oich, and by several other 
streams, of which the largest are the Moriston, the Foyers, 
and the Farigag. The depth of the loch near the centre 
is from 100 to 130 fathoms, its bottom being below the level 
of the sea ; and owing to its great depth the water never 
freezes. The mountains on either side of the loch are lofty, 
rugged, and steep, rising to the height of 1200 or 1500 feet 
above the sea. The waters of the loch are conveyed to 
die sea by the River Ness, which falls into the Moray Firth 
at Inverness. Loch Ness is connected by the Caledonian 
Canal with Inverness on the N.E., and with Loch Oich on 
the S.W. 

NESTON, Great, a town of England, county of Ches- 
ter, near the shore of the estuary of the Dee, 1 1 miles N.W. 
of Chester. It has an ancient church with a handsome front 
and a tower ; Methodist, Independent, Calvinist, and Roman 
Catholic churches ; and several schools. The town depends 
chiefly for its prosperity on the summer visitors, who resort 
hither for the sake of the sea-bathing. Pop. (1851) 1524. 
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NESTORIUS, the founder of the sect of the Nestorians, Kesotrius, 
was born at Germanicia in Syria towards the close of the f 

fourth century. After receiving his education in a con- 
vent, he WSLS ordained a presbyter of Antioch. It was 
there that he imbibed the doctrine of the Syrian church, 
which held, in opposition to the Egyptian church, that the 
two natures of Christ were distinctly separate, and were 
united into one person by a certain relation. His simple 
and austere habits, his devotion to the cause of the church, 
and his fervid and winning eloquence, marked him out in no 
long time as a fit champion of the tenets he had adopted. 

An opportunity soon occurred for the exercise of his zeal 
and influence. In 428 he was promoted to the patriarchate 
of Constantinople. “ Help me to subdue the heretics, and 
1 will help you to subdue the Persians,’’ was the fanatical 
boast by which he indicated to the emperor his intention of 
immediately commencing a vigorous course of proselytizing. 

Not content with persecuting the Arians, Novatians, and 
Quartodecimanians, he soon discovered in the current 
speech of the city an expression which savoured of the 
peculiar doctrine of the Egyptian church. That was the 
epithet “ the Mother of God,” a phrase which he alleged 
to imply the deification of the human nature of Christ, and 
which he therefore condemned. From this incident arose 
the famous Nestorian quarrels. The Constantinopolitan 
patriarch forthwith found himself engaged in hot contro- 
versy with several of his monks and clergy. They accused 
him of Photinianism ; he accused them of Manicheism. 

They preached against him in the churches, and renounced 
their ecclesiastical allegiance ; he turned them out of the 
churches, and deposed them. At this crisis, Cyril, the 
meddling and arrogant Patriarch of Alexandria, eager for 
an opportunity to bring down a powerful brother-bishop, in- 
sinuated himself into the contest, and changed it from a 
mere local squabble about a name of the Virgin Mary 
into a serious controversy touching the respective doctrines 
of the Syrian and Egyptian churches. After solemnly pro- 
fessing to be actuated solely by love for the true faith, 
and after employing the most gross deceits to maintain this 
profession, he organized a strong opposition against Nesto- 
rius, and at length, by artful flattery, he obtained from 
Pope Ccelestine I. the power of dealing with the alleged 
heresiarch. Convening a council at Alexandria in 430, the 
Egyptian patriarch launched twelve anathemas at the head 
of Nestorius. Nestorius hurled back twelve other anathe- 
mas. This rupture was fast growing into a schism, when 
tlie emperor, Theodosius II., anxious to restore the peace 
of the church, summoned the third cecumenical council to 
meet at Ephesus in 431. Nestorius repaired thither, trust- 
ing to the justice of his cause ; but that, he soon found, was 
a frail offset against the shameless machinations and power- 
ful influence of his adversary. He was summoned to the 
bar before his friends the Antiochian bishops had arrived ; 
he was deposed on the charge of blasphemy before he 
had pled his cause ; liis appeal to the emperor was coun- 
teracted by misrepresentations ; those who were favourable 
to him at court were overawed by a fanatical mob artfully 
raised by his indefatigable foes ; and at length he was glad 
to escape from the ever-thickening broil by retiring to the 
cloister of Euprepius near Antioch. There the heresiarch 
enjoyed peace for four years. But by that time some of 
his former friends had taken up the cry against him, and, 
afraid lest he should communicate the taint of heresy to 
those around him, they resolved to cast him, like a pestilen- 
tial carcass, beyond the pale of civilized society. He was 
accordingly banished to the Greater Oasis in Upper Egypt. 

But even in that solitary retreat no rest was to be found. 

He was soon obliged to flee before the invasions of the barba- 
ric Blemmyes, and to take refuge in the Thebaid. Then the 
old man, at the command of the Roman governor of that dis- 
trict, was dragged about by a savage soldiery from one place to 
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another, until death closed his long career of troubles. 
The date of his demise is unknown. 

Meanwhile, the favourers of Nestorius, or, as they were 
called, the Nestoriam, were becoming numerous in the 
provinces of the East. The writings of the exiled patriarch, 
and of Theodore of Mopsuestia, translated into Synac, wp'e 
already circulating through Assyria and Persia, and making 
many converts. As early as 435 the celebrated school of 
Edessa had become the seminary of Nestorianism, and was 
sending forth numerous disciples zealous for the new doc- 
trine. °The most famous of these was Barsumas, the in- * 
defatigable and politic Bishop of Nisibis. In conjunction 
with Maanes, Bishop of Ardaschir, he prevailed upon the 
Persian king Pherozes to establish the Nestorians as the 
national church of Persia. A great stimulus was thus given 
to the sect. Patronized by tihie state, they made Seleucia 
the seat of their patriarch, and established an excellent 
seminary at Nisibis. Isolated from other Christians, and 
therefore forced to maintain a distinct and real individu- 
ality, they began to make their peculiar creed something 
more than a mere repudiation of the epithet Mother of 
God.” Accordingly, at a synod convened by the Patriarch 
Babseus at Seleucia in 496, a system of doctrine was framed 
and adopted. The characteristic dogmas of this system 
were, that in Christ there were two persons, the Divine 
Logos and the man Jesus ; that these two persons were 
united together by no other connection than that of will 
and affection ; that Christ, on that account, ought to be 
clearly distinguished from God ; and that these tenets had 
not been derived from Nestorius, but had been held by 
the church from her infancy. Another peculiar opinion was, 
that it was lawful for bishops and presbyters to marry. 
Having thus obtained a constitution of its own, Nestorian- 
ism started on a long career of prosperity and activity. 
It was regarded with favour, or at least with toleration, 
under the Saracens, Arabs, and Tartars, the successive 
masters of Persia. Its missionaries travelled over all 
Northern Asia, and as far west as China, evangelizing the 
heathen, and planting numerous churches. At length, in 
1551, it received a severe check, and its members were di- 
vided into two factions, by a dispute regarding the election 
of a patriarch. One party elected Sulaka, placed them- 
selves under the jurisdiction of the Roman pontiff, and 
were afterwards known by the name of Chaldean Christians. 
The other party have continued till the present day to be 
the true representatives of the primitive Nestorian church in 
Persia. They are at present a simple, poor, illiterate, yet 
independent people, amounting to about 140,000, and living 
around Diz, the seat of their patriarchate, among the moun- 
tainous ranges of Kurdistan. Subjected for many ages to 
the proselytizing influence and persecution of Papists and 
Mohammedans, they ha' o not escaped the infection of 
superstition. Their patriarch and their eighteen bishops 
are doomed to celibacy and perpetual abstinence from ani- 
mal food 5 many fasts are observed ; a peculiar religious 
festival in commemoration of the dead is held annually ; 
and charms and talismans are often distributed by the clergy 
among their flocks. Yet their system of doctrine is free 
from all the more gross and deadly errors of the church of 
Rome. The Bible is recognised as the supreme and sole 
canon of faith ; the inferior clergy are permitted to marry ; 
and auricular confession, image-worship, and the belief in 
purgatory, are abjured. There is also a body of Nestorians 
existing in India, under the name of Syrian Christians, and 
acknowledging the jurisdiction of a patriarch. They abound 
to the number of 300,000 in Travancore, and are also nu- 
merous in the neighbourhood of that state. Although igno- 
rant and superstitious, they are said to be essentially orao- 
dox, and are on terms of friendly intercourse with the 
English prelates of India. 

Several sermons^ episdes, and fragmentary writings of 
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Nestorius, and other papers relating to the Nestorian quar- Kesvisi 
rels, are published in the works of Marius Mercator by || 
Baluze, 8vo, Paris, 1684. The most recent treatises on the ^eabur 
subject are, — Perkins’s Eight Years^ spent among the Nesto* 
rian Christiaiis^ New York, 1843; Badger’s Nestoriayis 
and their Rituals^ in 2 vols. 8vo, London, 1 852 ; and Mars- 
den’s Christian Churches and Sects^ in 2 vols., London, 

1856. 

NESVISH, a town of European Russia, in the govern- 
ment of Minsk, on the Usha, 60 miles S, W . of Minsk. It is 
protected by fortifications, which, however, are in a very dila- 
pidated state ; and it has a Benedictine abbey. Pap, 4230. 

NETHERLANDS. See Hotxakd, 

NETSCHER, Gasfar, an eminent painter, was born, 
according to one account, at Heidelberg in 1639, but ac- 
cording to another, at Prague, in 1636. His father died 
when he was two years of age ; and his widowed mother, 
fleeing from the dangers of a civil war, carried him to Am- 
heim. There the young orphan was adopted and educated 
by a benevolent physician named Tullekens. At first he was 
destined for the profession of his patron ; hut his great apti- 
tude for painting soon caused the plan of his future career 
to be altered, and he was placed under an artist named De 
Koster, After a short time spent in {>ainting birds and 
objects of still life, the pupil had exhausted all hi,s master’s 
instructions, and set out for Italy to complete his education 
there. Happening, however, to get married at Li<>ge, and 
being compelled to practise liis art for the support of his 
household, he amid proceed no farther. He settled at 
Bordeaux, and toiled hard to earn a livelihood by painting 
fancy subjects. But those small cabinet pictttrcH, which 
are now so highly valued on account of their exquisite 
finish, brought but a small remuneration ; and after re- 
moving to the Hague, he turned his attentitui to |K>rtrait- 
painting. In this branch of his art lie w’lts more jKiiccesa* 
ful. His earnings soon became so conHiderahle, tiiat he was 
enabled at times to gratify his own taste and fancy by 
depicting musical and conversational pieces. It was in 
these that Netscher’s genius was first fully displayed. The 
choice of the subjects, and the habit of introducing female 
figures, dressed in rich, glossy siitinn, were imitated from 
Terburg ; but the easy yet delicate pencilling, the brilliant 
yet correct colouring, and the complete mastery over light 
and shade were all his own. He soon attracted notice, and 
was rapidly gaining both fame and we*iith, when he wa» cut 
off at the premature age of forty-one. Many of Netacheris 
pictures may be found in the galleries of the Louvre# Htm*- 
Cassel, Berlin, Dresden, Munich, and Florence; at the 
Hermitage in St Petersburg, and in Uie English coHectiems 
of Sir Robert Peel, Mr Hope, l#ord Ashburton, and the 
Earl of Bridgewater. The style of Netscher waoi Imitated 
by his two sons Theodore and Comtantme; but these, 
though meritorious jminters, were far inferior to their father. 

NEU-BRANDENBURG, a town in the duchy of 
Mecklenburg-Strelitz,on the shore of I^ake Tollen, 55 miles 
W.N.W. of Stettin. It is rcguHarly built, and surroanded 
by walls, through which entrance is obtained by four gates- 
The principal buildings are the palace of the grand duke, 
a long, low building in the market-pboj ; and the churdi of 
St Mary, a fine Gothic edifice, lately restored, which con- 
tains some good paintings. This town contains two oUier 
churches, several schools, a town-liall, and a dieatre. 

It has manufactures of tobacco, pa|)er, cards, leather, 
and carries on a considerable trmle in these arttclea, and in 
horses and hides. An annual feir for wool is held here, 
and there are also horse races. Pop. 6145. 

NEUBURG, a town of Bavaria, in the circle of Swabia, 
stands on die right bank of the Danube, 33 miles N»N.E. 
of Augsburg, and 45 N.N.W. of Miniich. It is an old 
town, picturesquely situated on a wooded hill that rises 
from the rivePs side* Beside the town itself which con- 
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Neuchatel. sists of an old and a new part, and is partly walled, there are 
two suburbs. The ancient castle, formerly the residence 
of the dukes-palatine of Neuburg, is surrounded by a fine 
garden, and contains a collection of portraits, old armour, 
tapestry, &c. There are in the town three churches, a con- 
vent, a college (which formerly belonged to the Jesuits), 
several schools, a public library, museum, town-hall, bar- 
racks, arsenal, infirmary, and orphan hospital. Beer, brandy, 
earthenware, cloth, and saltpetre are the principal articles 
manufactured here ; and fishing is also carried on to some 
extent. On an island in the river are the ruins of the 
ancient castle of Altenburg ; and in the neighbourhood of 
the town are two residences of the King of Bavaria. The 
Danube is here crossed by two bridges, under which 
Steamers pass^by lowering their funnels. Pop. 6350. 

NEUCHATEL, or Neufchatee (Germ. Neuenhur^^ 
a canton of Switzerland, lying on the N.W. shore of the 
lake of the same name, between N. Lat. 46. 50. and 47. 10., 
and E. Long. 6. 25. and 7. 5. It is bounded on the N.E. 
and E. by the canton of Bern ; S.E. by the Lake of Neu- 
chSitel, which separates it from Fribourg and Vaud ; S. by 
Vaud ; W. and N.W. by France. Its length is about 30 
milefe, average breadth 11 miles; area 280 square miles. 
The surface of the canton is mountainous, being traversed 
through its whole length by the Jura Mountains. It con- 
sists of three diflPerent regions, distinct from each other in 
nature and appearance. The lowest part of the canton is 
that which extends along the shores of the lake, and is 
known by the name of Vignobles. This tract of country 
is for the most part planted with vines, and has an eleva- 
tion of 1400 feet above the sea. The centre of the canton 
comprises a tract of land inclosed between two parallel 
ridges of the Jura, and is elevated from 2000 to 2400 feet 
above the sea. This region is known by the name of 
Vallon, and includes the Val de Travers and the Val de 
Ruz. Corn, pulse, grass, and fruits are grown here. That 
part of Neuchatel which lies on the borders of France is 
called the Montagnes, and consists of the lofty ridges of the 
Jura and the high-lying valleys by which they are separated. 
These valleys are called La Chaux de Fond, Lode, La 
Chaux du Milieu, La Brevine, and La Sagne, respectively. 
The highest peak of the Jura within this canton is that of 
Chasseral, which has an elevation of 5285 feet. The can- 
ton contains numerous small streams, each of the valleys 
having at least one, to which it gives name ; and, besides 
these, Neuchatel is partly bounded by the Doubs on the 
French frontier, and by the Thielle, which joins the lakes of 
Bienne and Neuchatel on the frontier of Bern. The cli- 
mate of the different parts varies very considerably,— in the 
lower regions it is mild enough for the growth of the vine, 
but in the uplands it is very cold and bleak, the snow lying 
on some of the heights for seven or eight months in the 
year. The geological structure of the country is almost en- 
tirely calcareous, consisting of a kind of rock knowm by the 
name of Jura limestone. The only valuable mineral that 
is obtained in Neuchkel is iron. The corn produced in the 
canton is not sufficient to supply the wants of the inhabit- 
ants, and a considerable amount has to be imported from the 
cantons of Bern and Basle. Potatoes are largely culti- 
vated, even at great elevations among the mountains ; and 
in the lower regions the cultivation of the vine is extensive, 
and the wines produced are highly esteemed. Of the whole 
surface of the canton, it has been calculated that about 
42,700 acres are mountain pasture-land, 28,500 forests, 
62,000 arable land, 37,000 meadows, and 2480 vineyards. 
The number of horned cattle in the canton in 1848 was 
17,622; horses, 2589; sheep, 5113; goats, 2105; and 
swine, 4284. Bears and wolves, as well as deer and other 
kinds of game, are found in the forests ; and the rivers and 
lakes abound in fish. The manufactures are of consider- 
able importance ; and among these tliat of watches occupies 
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the first place, and has contributed most effectively to the ^euch&tel. 
prosperity of the country. This branch of industry was ^ 
first introduced here in 1665 ; and after it had been a cen- 
tury in operation, 12,000 gold and silver Thatches were an- 
nually produced. In 1848 the canton contained 9067 
watchmakers, by whom upwards of 100,000 watches were 
yearly produced. The chief seats of this manufacture were 
the villages of Lode and Chaux de Fonds, in the bleak 
uplands of the Jura. The manufacture of lace is also 
carried on to a considerable extent, but it has declined con- 
siderably from its former importance. There were in 1 848 
only 1475 hands employed in this branch of industry, of 
which the chief seat is in the Val de Travers. Manu- 
factures of linen, cotton, paper, &c., are also carried on. 

The trade of Neuchl^tel is not very extensive, and consists 
principally in the export of the various articles manufactured 
here. The established religion is Protestant and Calvin- 
istic, and this is professed by the majority of the people, the 
proportion of Protestants to Roman Catholics being nearly 
twelve to one. There are also a small number of Jews. 

The constitution of the canton is very anomalous ; for 
though the King of Prussia claims the title of Prince of 
Neuchatel, he has resigned all right of sovereignty over it ; 
and the constitution, as established April 30, 1848, is 
entirely republican. The legislative body consists of 80 
members, chosen by the people, one for every 500 in- 
habitants. Their term of office is for six years, and 
one-third of the number go out every two years. The 
executive power is confided to a council of seven, chosen 
by the members of the legislature, and presiding each 
over one of the seven departments of the canton. Neu- 
chatel sends four members to the National Council of 
Switzerland, and two members to the Council of States. 

The canton of Neuchatel w^as formerly a part of the German 
empire, but afterwards was bestowed on the House of 
Chfilons, with the title of Count of Neuchitel. These 
counts were subject to the feudal rights of the princes of 
Orange. In 1398 Neuch§.tel was admitted into the Swiss 
Confederation ; and in 1579 the county of Valendis having 
been joined to that of Neuchatel, tlie title of Count was ex- 
changed for that of Prince of Neuchatel. The line of 
Chfdons having become extinct, it passed to William III. 
of Great Britain as Prince of Orange ; and on his death in 
1702, his nephew Frederic I. of Prussia took possession of 
the principality. In 1805 it was ceded by the treaty of 
Tilsit to France, and given by Napoleon to Marshal Ber- 
thier; but it was restored to Prussia in 1814, though still 
recognised as holding the twenty-first place in the Swiss 
confederacy. After this it continued under the government 
of f Prussia, and a constitution was granted by Frederick 
William III. ; but in 1848 this state of things came to an 
end ; a republican constitution was established ; and since 
that time the authority of the King of Prussia has been 
merely nominal. On the 2d of September 1856 an at- 
tempt was made by a party of royalists to re-establish the 
authority of the Prussian monarch in Neuchatel ; but this 
proved unsuccessful, and they were taken prisoners, and 
arraigned for high treason. The Prussian ambassador de- 
manded that the prisoners should be released, and the rights 
of Prussia recognised. This demand was i;ejected by the 
Swiss government, and the King of Prussia refused to enter 
into any negotiations about the canton of Neuch§.tel until 
the prisoners were released. At last it w^as settled by a 
treaty at Paris, May 26th 1857, tliat an amnesty thould be 
granted to the insurgents of Neuchatel, and that the King 
of Prussia should resign all claim of sovereignty over the 
canton, reserving only the right to bear the title of Prince 
of Neuchatel. Pop. (1850) 70,753. 

Nettchatel, the capital of the above canton, stands 
at the mouth of the Seyon, partly on the level groimd 
on the shore of the lake, and party on the slope of the 

V 



154 N E tJ 

Keuchatel. Jura Mountains. It is well built, and contains several 
II handsome streets, some of which stand on the alluvial 
Neuhoff. ground gained from the lake. The castle, which is situated, 
on an eminence, ^s an ancient building of some si^e, and was 
formerly the residence of the princos of Neucliatel, but is 
now occupied by the government offices. Near the castle 
stands the church, a Gothic edifice of the twelfth century, 
with some parts of still more ancient date. The town- 
hall, a handsome building in the Grecian style, stands in 
the lower part of the town. The town contains also a 
public school, with a museum of natural history, a ladies’ 
school, and two hospitals. A considerable trade is carried 
on through Neuchatel in the manufactures and agricul- 
tural produce of the canton. Pop. .(1850) 7727? 

NETTcniTEn, JPake^ forms the S.E. boundary of the can- 
ton of the same name, and is about ?4 miles in length 
by 4 in breadth, The surface is 1320 feet above the 
sea, and the greatest djeptli is 400 feet. It is fed by the 
Orbe from the by the rivers of Neuchatel from the 
N.W., and by the Broye from Lake Morat ; and it dis- 
charges its waters by the Thielle into the Lake of Bienne, 
and thence into the Aar. The scenery of the lake is fine, 
but inferior in grandeur to that of some of the other Swiss 
lakes. A considerable trade is carried on on this lake ; and 
it is navigated by a steamer, which touches at the principal 
places on its banks. 

NEUDOEF (Hungarian, Igld)^ a town of Hungary, 
county of Zips, in a beautiful plain on the Hernad, 5 miles 
S, by W, of Leutshau, and 136 N.E. of Pesth. Jt is well 
built, apd has one priiwiipal street and square, The parish 
church is a fine building with a lofty tower. There are 
also a Protestant church, a high school, court-house, town- 
hall, theatre, and hospital. The manufacture of Jinen and 
paper, and the forging of iron, are carried on here j and 
iron and copper mines are worked, and flax cultivated, in 
the vicinity. Pop. 5900. 

NEUHAUS, a town of Bohemia, circle of Tabor, stands 
on the Nezarka, 26 miles N.E. of Budweis. It has an 
old castle, now in ruins, a handsome parish church, five other 
churches, a Franciscan convent, town-hall, barracks, and 
theatre. Manufactures of linen, cotton, and woollen fabrics 
are carried on. Pop. 7^04. 

NEUHAUSEL,a market-town of Hungary, in the county 
of Neutra, on the river, and 22 milps S,S?E. of the town 
of that name. It was formerly a fortress of some import- 
ance; and has a church, a Franciscan monastery, two schools, 
and a town-hall. Some trade is carried on in com, wine, 
and cattle. Pop, 6780. 

NEUHOFF, Theodor, Baron von, a noted military 
adventurer, was descended from a noble Westphalian family, 
and was born Metz toward the close of the seventeenth 
century. His father, an officer in the French service, 
died when he was still young, and left him exposed to 
the attacks of poverty and the freaks of fortune. He ob- 
tained a lieutenancy in the regiment of Alsace ; but a 
habit of falling into debt, and of never getting out of it, did 
not suffer him to remain long at this post. He then shifted 
about from one country to another, trusting to his titles, 
address, and good luck for a livelihood. At length he 
seemed to have gained a permanent footing in Spain. The 
two famous statesmen Alberoni and Eipperda patronized 
him in succession ; a colonel’s commission was conferred 
upon him; and a lady of honour to the Spanish queen gave 
him her hand in marriage. But no sooner did the German 
fortune*hunter find that his wife’s dowry fell far short of 
his expectations, than he seized upon lier jewels, bade adieu 
to the land ©f his adoption, and escaped over the border 
into France. His plunder was soon squandered, and his 
favourite character of wandering impostor was resumed 
For several years he continued to skulk from one European 
city to another, changing name to suit his circumstances, 
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and fleeing from old debts only to fall into new ones. Keuhoff. 
At last fortune began to smile upon him once more- Hap- 
pening, in the course of his wanderings, to meet some of 
those Corsican patriots who were tlien asserting their 
country’s independence against the Genoese, he commenced, 
with his usual ready hypoex-isy, to profess a deep interest in 
their cause, and to proffer his counsel. He advised them 
to elect some noble and influential personage for their king, 
who should lead their anxxies, ibrm their government, and 
lay the foundation of their indei)endence ; and he hinted 
that he, a German baron, and a favourite with the princes 
of Europe, was a suitable object for their choice. The 
hint was taken; and the Corsicans agreed to supjxort his 
ambitious scheme, on condition that he should furnish some 
substantial proof of his devotion to their cause. Neuhoff 
was immediately on foot, using all his arts and address to 
obtain assistance from several ICuropean courts for the pa- 
triotic Corsicans. His efforts were unsuccessfiil. He tlxen 
posted to Africa, and by dint of enormous promises, received 
a ship-load of supplies and ammunition from the l)ey of 
Tunis. With these he landed at Corsica in Marclx 1736, and 
was received with entluisiasm by the islanders. The game 
of ambition thus successfully be^n was now played otit 
with consummate tact and dexterity. He kept up a show 
of possessing great wealth ; added to his name the iumour- 
able titles of most of the courts in Christendom ; feigned 
to be constantly receiving despatches from the principal 
powers of Europe and Africa ; and at length declared him- 
self a candidate for the crown, and obtained it in the fol- 
lowing April. The same system of display wlitch had 
raised the foreign adventurer to the throne wa-H now found 
necessary to keep him there. Accordingly, he siirrtmndntl 
himself with 400 body-guards, distributed among his fol- 
lowers many brevets of nobility, instituted a ni*w order of 
knighthood under the name of the Order of Deliverance, 
and asserted his sovereign power and majesty by hanging 
up three persons of high birth. But these arts, though 
successful at first, could not long defend the imjnowtor 
against the disclosures of advancing time. 'fJie great pro- 
mises he had held out of foreign asiristanee cmuitniea to 
be unfulfilled ; rumours concerning his real character began 
to reach the island; and the failure of his attempt to take 
the town of Bastia from the Genoen? prov«‘d his inca{)itcity 
to vindicate the freedom <jf itis new subjects. His jaipii- 
laxity was waning liiAt w hen, at the end of a reign of eight 
months, he entrusted the government to a council of ri*gency, 
and repaired to Europe to pnicure the reinlbrcemerus 
whicli he Ixad promised Here endiM:! the reign of 'fheo- 
dore L of Corsica. Hapjnxning, in his vain search for mi> 
plies, to repair to Amsterilam, he was imtinced ujam by 
some of his old creditors, and was cast into prts^m. When 
by mortgaging two of the Corsican towns t(» a Jewij.h mer- 
chant, he had received a large sum of money, and had 
enabled in 1738 to release himself from uvU a; .i to t^mT 
to Corsica with three merclxant vmek and a frigate, he 
found that the island was entirely under the power of die 
French, the allies of the Genoese, and that the islafidem were 
unable to receive him. Affairs were not more favourable, 
even after the French had defxarted in 1741. On present- 
ing himself once more before his subjects in 1 742, Neuhofl* 
found that there w’as a strong faction of the Corsicans 
against him, and tlxat the Genoese had set a price ii jJon his 
head. He immediately al)andoned his forlorn and 

fled to England. The reverses, liowever, of tlds poor 
pupiHJt of fortune were not yet at mi end. His Dutch 
creditors soon ferreted him out, and for seven years he lay 
in the King’s Bench Prison. Through tlie interference of* 

Horace Walpole, hedbtained his release in 1756, under the 
act of insolvency, and wu- to iiiakv an aiTicmcnt with 

hi.s credittirs by mortgagiuL^ Cor-ica. Bui grivf and poverty 
brought his lifo to a close in December tlie same year. 
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iTeuUly- NEUILLY-SUR-SEINE, a town of France, department 
8ur-Seine of Seine, on the right bank of that river, about mile 
ITeuss of Parigj^on the road to St Germain. Here are the 

V ^ ‘ 7 ruins of the palace of Neuilly, which was a favourite resi- 

dence of Louis Philippe, but which was destroyed in 1848. 
The park of Neuilly, which extends for some distance down 
the river, is a favourite holiday resort of the Parisians. The 
river is here crossed by a handsome bridge of five arches, 
each 120 feet wide. Manufactures of porcelain, starch, 
and chemical substances are earned on. Pop. 15,897. 

NEUMARKT, a town of Prussia, in the government 
of Breslau, 16 miles W.N.W. of the town of that name. 
It has Protestant and Roman Catholic churches, and several 
courts of law. Manufactures of tobacco, tiles, woollen and 
linen stuffs, and paper, are carried on here ; and there is a 
market for corn. Pop. 4320. 

NEUMtlNSTER, a town of Denmark, in the duchy of 
Holstein, 17 miles S.S.W. of Kiel. It is large and well 
built, and has a church in the Italian style of architecture. 
The manufactures are considerable, consisting principally of 
cloth and metal buttons. Pop. 4700. 

NEUSATZ (Hung, Uj-^Videk), a town of Hungary, 
county of Bacs, on the left bank of the Danube, opposite to 
Peterwardein, and 46 miles N.W. of Belgrade. It is sur- 
rounded by walls ; and has several Greek, Roman Catholic, 
and Armenian churches; a synagogue ; and several schools. 
A considerable trade is carried on here, for which the 
position of the town on the Danube, and not far from the 
Drave, the Save, and the Theiss, gives it great advantages. 
The Danube is here, crossed by a bridge of boats. Com- 
mercial intercourse is carried on through Neusatz between 
Vienna, Leipsic, &c., on the one hand, and Salonika and 
other Turkish ports on the other. Pop. 19,700. 

NEUSIEDL, Lake of (Hung. Ferto Tava\ a lake of 
Hungary, extends between the counties of GEdenburg and 
Weiselburg. It is about 23 miles in length and 7 in 
breadth, and varies from 9 to 13 feet in depth ; area 
about 120 square miles. Its waters are not potable, from 
containing much sulphate of soda, with some muriate of 
soda and carbonate of soda, (See Bright’s Travels in Hun’- 
gary.) It is fed by the River Vulka. The principal towns 
on its shores are Rusth and Neusiedl. 

NEUSOHL, or Beszterczebanta, a town of Hungary, 
capital of the county of Sohl, in the territory of Presburg, 
is situated on the right bank of the Gran, about 80 miles 
N. of Buda. It is pretty well built, and has wide streets, 
and a market-place near the centre. It contains the ruins 
of an old castle; several churches, one of which has a bell 
weighing upwards of 5 tons; an episcopal palace; Roman 
Catholic and Protestant schools ; a theatre ; court-house ; 
and infirmary. Neusohl is situated in the middle of a 
mining district, whence copper, gold, silver, iron, &c., are 
obtained ; and the annual produce of the mines of Her- 
rengrund, which are at some distance from the town, 
amounts to 100 tons of copper and 400 lb. of silver. Neu- 
sohl contains one of the largest smelting houses in Hungary; 
and the manufacture of sword-blades, cloth, leather, paper, 
earthenware, sugar, &c., is carried on here. Pop. 6500 ; 
but including the suburbs, upwards of 10,000. 

NEUSS, a town of Prussia, in the province of Diissel- 
dorf, near the union of the Erft and the Rhine, 21 miles 
N.W. of Cologne, It is surrounded by walls, and protected 
by towers and ditches. The principal building is the church 
of St Quirinus, which was built in the thirteenth century, 
and exhibits a curious specimen of the transition fi-om the 
round to the pointed style in architecture. The town has 
also two other churches, a synagogue, a school, a lunatic 
asylum, orphan’s hospital, &c. Manufactures of cotton and 
woollen cloth are carried on here ; and^there is a consider- 
able trade, especially in corn, for whicli Neuss is the prin- 
cipal market in Rhenish Prussia. This town, under the 


name of Novesiumy was founded by the Romans under ifeustadt 
Drusus, and is frequently men tinned by Tacitus. Pop. 9567. II 

NEUSTADT (Polish, Prudnitz\ a town of Prussia, in 
the province of Silesia, on the Prudnitz, 29 miles S.W. of 
Oppeln, and 18 S.E. of Neisse. It is well built, and con- 
tains Roman Catholic and Protestant churches, a convent, 
synagogue, two hospitals, courts of law, and a penitentiary. 

The manufactures consist of cloth, leather, paper, tiles. See. 

Pop. 6797. 

Netjstaut, or Wiener-Neustadt, a town of Austria, 26 
nailes S. of Vienna. It is built with some regularity, in the 
form of a square, and surrounded by fortifications. The 
streets are broad and well paved. The ancient castle, 
which is now used as a military academy for the education 
of officers for the Austrian army, is a square building with 
a tower ; and in the chapel attached to it the Emperor 
Maximilian 1. is buried. This academy, the only one of 
the kind in the empire, is attended by 468 pupils, who re- 
ceive their appointments, some from the emperor, and some 
from the provincial estates. Many of the public buildings 
of Neustadt were destroyed by a dreadful fire in 1834,. 
which laid nearly the whole of the town in ashes. There 
is here a Cistercian convent, which has a museum and a 
library of 20,000 volumes. The manufactures are consi- 
derable, consisting of silk and velvet cloth, paper, porcelain, 

&c. ; and an active transit trade in wdne, hardware, leather, 
sugar, &c,, is carried on. Neustadt, which is as old as the 
twelfth century, has obtained, on account of its constant 
fidelity to the Austrian princes, the designation of “ Ever 
Faithful.” Pop. 12,346. 

Neustadt-an-dek-Haardt, a town of Bavaria, circle of 
Palatinate, on the Spirebach, 14 miles W. of Spires, and 16 
£.S.£. of Kaiserslautern, The principal church is a building 
of the tenth century, and .contains monuments of many of 
the electors and counts palatine, There are also to be seen 
here the remains of an old castle, to which the town pro- 
bably owed its origin. Neustadt has a court of law, a school, 
and an hospital. Its manufactures are cloth, paper, che- 
mical substances, gunpowder, Sfc. Some trade is carried on 
in wine and tinqber. Pop. 6088^ 

Neustaot-an-ber-Orla, a town of Saxe-Weimar, ca- 
pital of a circle of the same name, 24 miles S.E. of Weimar. 

It has an ancient castle, two churches, a savings-bank, and 
an hospital. Manufactures of cloth, leather. See., are car- 
ried on ; and there is some trade in books. Pop. 4250. 

Neustadt-Eberswai^be, a town of Prussia, in the 
province of Brandenburg, on the Schwartz, 28 miles N.E. 
of Berlin, It is surrounded by walls, and consists of three 
parts, an upper and lower town, and a suburb. It has 
mineral baths; and manufactures of hardware, cloth, 
earthenware, &c. There is some trade in manufactured 
goods, and also in wool and cattle. Pop. 558L 

NEUSTADTL-AN-DEB-WAAG,orVAGH-UjHELT, 
a town of Hungary, county of Neutra, on the Waag, 52 
miles NfN.E. of Presburg. The cultivation of the vine is 
largely carried on here ; and there is a considerable trade 
in corn, wool, &c. Pop, 5500, 

NEU-STRELITZ, the capital of the grand duchy of 
Mecklenburg-Strelitz, is situated on Lake Zierker, 57 
miles N. of Berlin. It is regularly built, in the form of an 
octagon, has several handsome streets and squares, and is 
surrounded by walls and fortifications. The palace of the 
grand duke is a building partly in the Grecian, partly in 
the Italian style, and contains an extensive library and a 
collection of antiquities. In the town there are various 
churches, a college, several hospitals, schools, a theatre, 

&c. Most of the inhabitants find employment in connec- 
tion with the court or the army ; but some are engaged in 
the manufacture of beer, soap, tobacco, &c. Neu-Strelitz 
is the seat of the legislature and of the supreme courts of 
law, as well as of the government of the duchy. It was 
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ITeutita- founded by Adolph Frederic, who fixed upon 
chein residence, after the destruction by fire, m iTlis, or tne 
II former palace at • Alt-Strelitz, some miles distant. The 
JTeutrality. ^^ 1 X 15 rose up round the new palace ; but the intention 
of their founder to connect by buildings the old and new 
towns has not been carried into effect. Pop. 6484. 

NEUTITSCHEIN, or Nowy-Gycin, a town of Aus- 
tria, in Moravia, stands on the Titsch, 26 miles E. of 01- 
miitz. It is well built ; and has an old castle, three churches 
(one of which is ancient, and in the Byzantine style), a 
town-hall, and several schools and hospitals. The inha- 
bitants are principally employed in the manufacture of 
woollen stuffs, in which some trade is carried on. Pop. 9000. 

NEUTRA, or Nyitra, a town of Hungary, capital of 
a county of the same name, stands on the River Neutra, 
about 50 miles E.N.E. of Presburg, and 70 N.W. of Buda. 
It has a castle, which stands on an eminence, and contains 
within its precincts a cathedral, an episcopal palace, and a 
county-hall. Neutra has also a theological seminary, a 
high school, an inferior school, and a charity school belong- 
ing to the order of the Piarists. The inhabitants are 
chiefly employed in agriculture, but partly also in weaving ; 
and an active trade is carried on in the wines of the adjacent 
country. Pop. 4490. 

Definition. NEUTRALITY (Fv.Neutralite), in politics is the term 
« employed to indicate the state of those nations who, when 

a war is being carried on, take no part in the contest, and 
evince no peculiar friendship for, or hostility to, any of the 
belligerent powers. 

Neutrality Many volumes have been written in regard to the rights 
in general, and duties of neutral nations. But it is easy to see that 
these cannot be exactly defined ; that, with the exception 
of a few leading principles, they are necessarily subject 
to much alteration; and that a line of conduct which a 
neiitral power might very properly follow at one time and 
under one set of circumstances, might be very improper at 
another time and under a different set of circumstances. This 
arises from the fact, that the rights and duties of neutrals 
are not absolute, but relative only. They are in all cases 
affected by, and mixed up with, the rights of belligerents. 
And as the latter vary with the varying nature of different 
contests, so must the former, or the riglits of neutrals. 

In general it may be laid down that it is the duty of 
neutrals to conduct themselves in a spirit of perfect impar- 
tiality, and to do nothing that can be fairly considered as 
being peculiarly favourable or hostile to either of the parties 
engaged in hostilities. And this is about the only principle 
that can be said to be universally applicable to neutrals. 

We do not mean, in the few remarks we have to offer on 
this subject, to enter into any inquiries with regard to the 
conduct of neutrals on land. The questions to which such 
conduct may give rise are for the most part easy of solu- 
tion, and have comparatively little interest. But it is other- 
wise with those questions which arise out of the proceed- 
ings of neutrals at sea. These give birth to questions in 
regard to which there is much diversity of opinion ; and 
which, from our being a great maritime power and their 
direct bearing on our interests, have always been justly 
looked upon in this country as of paramount importance. 

ArticicB I. When two nations are engaged in war, if there be any 
contraband foreign article or articles necessary for the defence or sub- 
of war. sistence of either of them, and without which it would be 
difficult for it to carry on the contest, the other may legiti- 
mately exert every means in its power to prevent its opjxjnent 
being Supplied with such article or articles. » All writers of 
authority on international law admit this principle ; and lay 
it down, that a nation which should furnish a belligerent 
with articles contrabmd of is, witli supplies of 
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w'arlike stores, or of any article required Ibr the prosecution Neutrality, 
of the war — would forfeit her neutral character, and that 
the other belligerent would be warranted in preventing 
such succours from being sent, and confiscating them as 
lawful prize. And besides being consistent with the most 
obvious principles, approved by jurists, and enforced in every 
contest, this doctrine has been sanctioned by repeated 
treaties. The only difficulty, indeed, that has ever arisen 
in regard to this matter has been with respect to tlie articles 
which should be reckoned contraband of war; and in the 
view of obviating such difficulty, these articles have some- 
times been specified in treaties and conventions. (See the 
references in Lampredi del Commercio dd Pc/poU Neutrali^ 

§ 9.) But this classification has not always been respected 
during hostilities. And it is sufficiently evident that an 
article which may not be contraband at one time, or under 
certain circumstances, may become contraband at anoUier 
time, or under different circumstances. It is admitted on 
all hands, even by Hubner, the great advocate for the free- 
dom of neutral coimnerce,^ that everything tiiat may be 
made directlp available for hostile purjjoses is contraband, 
as arms, ammunition, horses, timber for ship-building, and 
all sorts of naval stores. The greatest difficulty has ot'curred 
in deciding as to provisions {ynunitiom de bouckt% which 
have sometimes been held to be contraband, and sometimes 
not. Lord Stowell has shown that the cbaracier of the poH 
to which the provisions are destined, is a priiu'ipal circum- 
stance to be attended to in deciding whether tlu*y are to be 
looked upon as contraband. A cargo of provisions intended 
for an enemy’s port, in which it was known that a warlike 
armament was in preparation, would be liable to arrest and 
confiscation ; while, if the same cargo were interuled for a 
port where none but merchantmen were fitted out, the most 
that could be done, according to his lordsliip, would Ijc to 
detain it, paying the neutral the same price Ibr it he would 
have got from the enemy. 

By the ancient law of Europe, a ship convcjiug any con- 
traband article wa.s liable to coiitiscaiion as well as the 
article. But in the modern practice of* t lie courts of admi- 
ralty of this and other countries, a milder rule has been 
adopted, and the carriage of contraband articles is attended 
only with the loss of freight and expenses, unless when the 
ship belongs to the owtwr of the contraband cargo, or when 
the simple misconduct of fiJiui'viiig such cargo has lH*en 
connected with <nher malignant and aggravating circum- 
stances. Of these, a false destination and Mae pa{>eni are 
justly held to be the worst. 

It appears pretty evident tlmt the principle on which the 
doctrine of goods cotura!>and of war has lieen estahUshed 
may justify, or rather require, its extension to various im- 
portant articles not hitherto or usually reckoned m contra- 
band. The rights of belligerents to hinder neutrals from su{>- 
plying tlieir enemies with articles necessary to enable them 
to carry on the contest, is alike clear and undoubted. But a 
foreign article, iiuii>pcii.-:thlo or highly useful to a nation en- 
gaged in war, may nut be cjt* the class called mumtiom de 
guerre^ and may not be directly available in the prosecution 
of hostilities. Hiat, however, h ready inimatcriah It k 
enough to wwermt the prevention of its im|Hirtation, titat 
witliout it the iuijKirters would be unable to continue tlie 
contest, or that the inconveniences resulting from the want 
of*it would be so very considerable as to disfK^e them to sue 
for peace, or to accept reasonable terms if ottered. The 
distinctive peculiarity of articles declared to lie contraband 
of war is not that they belong to one class of podttets or 
another, but that the want of them would inflict serious 
injury on the j>arty by wliom they are imprted. 

Considered in this, its true liglit, the term “contraband 
of war’’ becomes of the highest imfiortaiice t and there are 


^ De la Saisk Mtimens AVtum, tom. I, p. 193. 
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Neutrality, but few products which may not be fairly brought, at one 
period or another, within the list of contraband articles. 
Thus, supposing that we had the misfortune to be engaged 
in a contest either with a single power or a combination of 
powers which had means to intercept, cut off, or materially 
obstruct our supplies of corn, cotton, and tea ; can any one 
doubt that our enemies would be justified, or that they 
would hesitate, in availing themselves of so powerful a means 
of annoyance ? Neutrals might join us in protesting against 
such a proceeding, on the ground that the articles referred to 
had not hitherto been reckoned contraband of war, and they 
might also allege that their trade would be seriously preju- 
diced by so unusual and so illegal a proceeding. But these 
representations, supposing them to be made, would not go for 
much. Our enemies would say, that in defining contraband 
of war, everything depended on circumstances ; and that as 
the want of the articles referred to would lay us under very 
considerable difficulties, they were, from that very circum- 
stance, properly included" in the prohibited list. They 
would no doubt express at the same time their regret that 
this conduct of theirs should be productive of injury or in- 
convenience to neutrals. That was not its purpose. They 
had resorted to it in the exercise of their undoubted rights 
as belligerents and it was only indirectly and by accident 
that it affected neutrals. When great nations are at war, 
such contingencies can seldom be avoided ; and when they 
occur, they should be ascribed to the necessity of the case, 
and afford no reasonable ground of complaint. 

Nations engaged in hostilities may not always have acted 
on these principles ; but if so, it will be found that their 
forbearance was not dictated by a want of right or of will, 
but of power. Supposing that we were unhappily again 
engaged in a struggle with France, we could not employ 
our navy in any way more likely to accelerate the return of 
peace than in preventing the importation of cotton, colonial 
produce, and naval stores, into that country 5 and the expor- 
tation of her silks, wines, and other products. This would 
be a very likely way to distress our enemy ; and the more 
he is distressed, the sooner will the struggle terminate. 

In the following Declaration in regard to maritime law, 
signed by the principal European powers in 1856, the dis- 
putes to which its uncertainty has led are justly deplored : — 


Declaration “ respecting Maritime Law^ signed by the 

of 1866 in Plenipotentiaries of Great Britain^ Austria^ France^ 
regard to Priissia, Russia, Sardinia, and Turkey, assembled in 
mwi ime Congress at Paris, April 16, 1856. 

“ The Plenipotentiaries who signed the Treaty of Paris 
of the 30th of March 1 856, assembled in Conference, — 
Considering ; 

That maritime law, in time of war, has long been the 
subject of deplorable disputes ; 

“ That the uncertainty of the law, and of the duties in such 
a matter, gives rise to differences of opinion between neutrals 
and belligerents which may occasion serious difficulties, and 
even conflicts ; 

“ That it is consequently advantageous to establish a uni- 
form doctrine on so important a point 5 

‘‘That the Plenipotentaries assembled in Congress at 
Paris cannot better respond to the intentions by which their 
Governments are animated, than by seeking to introduce 


into international relations fixed principles in this re- Neutrality, 
spect ; 

“The above-mentioned Plenipotentiaries, being duly 
authorized, resolved to concert among themselves as to the 
means of attaining this object; and, having come to an 
apeement, have adopted the following solemn Declara- 
tion : — 

“ 1 . Privateering is, and remains, abolished ; 

“ 2 . The neutral flag covers enemy’s goods, with the 
exception of contraband of war ; 

“ 3. Neutral goods, with the exception of contraband of 
war, are not liable to capture under enemy’s flag ; 

“4. Blockades, in order to be binding, must be effective, 
that is to say, maintained by a force suffScient really to 
prevent access to the coast of the enemy. 

“ The Governments of the undersigned Plenipotentiaries 
engage to bring the present Declaration to the knowledge 
of the States which have not taken part in the Congress of 
Paris, and to invite them to accede to it. 

“ Convinced that the maxims which they now proclaim 
cannot but be received with gratitude by the whole world, 
the undersigned Plenipotentiaries doubt not that the efforts 
of their Governments to obtain the general adoption thereof 
will be crowned with full success. 

“ The present Declaration is not and shall not be binding, 
except between those Powers who have acceded, or shall 
accede, to it. 

“Done at Paris, the 16th April, 1856. 

(Signed) “ Buol-Schauenstein. 

“ Walewski, 

“ Clarendon, &c.” 


But the “uncertainty” complained of in the above De- 
claration is not of a kind that can be got rid of. It is 
inherent in the subject. Maritime laws of the class now 
under consideration do not rest on any fixed or immutable 
principles. They necessarily vary with the varying condi- 
tion and exigencies of society. And those rules and regu- 
lations that may in the estimation of one country appear 
to be alike just and expedient, may in that of another be 
held, on quite as good grounds, to have exactly the opposite 
qualities. The above Declaration expressly excepts articles 
contraband of war from the privileges conceded to goods 
on board neutral ships ; but it does not specify the articles 
which are to be considered contraband. And it w^as quite 
as well that this vexed, or rather insoluble question was left 
open ; for it is most probable that the plenipotentiaries who 
subscribed the Declaration would not have agreed on any 
definition. And supposing they had subjoined a list of 
contraband articles to the Declaration, it would very speedily 
have ceased to be of any weight. Whether an article should 
or should not be deemed to be contraband depends on cir- 
cumstances which it is impossible to foresee or appreciate 
beforehand. And such being the case, it is futile to attempt 
to prevent further disputes by making out .lists of contra- 
band articles. We have seen that this has been frequently 
attempted, and it has as frequently failed. Such lists may 
be respected for a while ; but as soon as any contracting 
party or great power conceives that it would be for her in- 
terest or advantage to exclude some articles from, and to 
include others in, the list, there is an end of its influence and 
authority. 


1 Une puissance bellig^rante ne peut voir avec indifference que son ennemi se renforce par des marchandises qui servant directement 
et indubitablement d f^ire la guerre ; et elle ne blesse pas le droit des gens si elle empdche que ses marchandises ne parviennent a 
I’ennemi en les d6tenant, soit pour en payer la valeur au propridtaire, soit pour les restituer quand le danger sera passd. On peut mSm© 
imaginer des cas, du les circonstances extraordinaires justifi^raient une telle detention i I’Sgard des merchandises, qui ne servent pas 
exclusivement a Tusage de la guerre, et sur lesquelles elle ne peut dans la rfegle s’arroger aucune disposition. (Martens, Freds du Droit 
Public, lib, viii., cap. 7, § 316.) Heineccius says, Dans une guerre il ne s’agit pas mdme de demander s’il peut-dtre permis a quelqu’un 
de porter a notre ennemi ce qui peut lui dtre ndcessaire puisque nous avons le droit de prendre les armes centre quiconque s’opposerait 
a notre defense ou la rendrait difficile ou incertaine.” (Quoted by Lampredi, p. 47, Paris 1802 • see also Vattel, book iii., cap. 7, § 113, 
and a host of other authorities.) 
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. The prirtciple that free ships make free goods, or that the 
flag covers the cargo {que le pavUlm^ couvre 
dise), and that consequently enemies goods, not contra- 
band of war, may be safely conveyed in neutral bottoms, 
after being long resisted by this and most other maritime 
states, has been assented to in the Declaration referred to. 

In iudging of the wisdom of this concession, everything 
depends on the interpretation of the phrase “contraband of 
war.” If it were restricted, as has usually been the case, to 
warlike stores {munitions de guerre), or articles directly 
■available for warlike purposes, it would be in many respects 
lustly censurabl©. Por it is plaiiij that under the limita- 
tion now supposed, the trade of a belligerent power, witli it:^ 
colonies or other countries beyond sea, might be prosecuted 
in neutral ships nearly to the same extent, and with as much 
security, during war as during peace. But it is not easy to 
imagine that a principle having such consequences should 
be acted upon by any power having a preponderating naval 
force, in the event of her engaging in hostilities. Such power 
must then do one of two things : she must either consent 
to relinquish some of the most important advantages to be 
derived from her naval ascendancy, or she must reject the 
principle in question* And there is little doubt that she would 
adopt the latter alternative ; and she might do this directly, 
by resorting to her natural and indefeasible right to seize 
enemies’ goods wherever they are to be met with ; or indi- 
rectly, by extending the list of contraband articles, so as to 
make it include all those of any importance carried by sea into 
or from the enemy’s ports. Either way would answer the pur- 
pose ; and we may be pretty well assured, that tmder the sup- 
posed circumstances one or other of them would be followed. 


Blockade, H, But it may perhaps be said, that though the right to 
influence carry enemies’ goods not contraband of war be conceded to 
neutrals by the Declaration of Paris, that right U restricted 
and confined within proper limits by the maintenance of 
the system of blockade. But wc take leave to doubt whether 
this restriction be good for much. It is distinctly laid down 
in the Declaration, that to be binding or legal, a bhjcksult* 
must be efiective ; that is, it must be maintained by a 
force sufficient really to prevent access to the coast of the 
enemy ” But though the blockade of one or of a few porta 
may perhaps be made effective, it is abundantly certain 
that no such blockade can ever be made to apply to an 
extensive coast. Though our navy were doubled or trebled, 
it would not suffice to make an effective blockade of the 
coasts of France, of Spain, or of the United States- And 
why should a country with a powerful naval force bind 
herself beforehand to employ it only in one wayf Why not 
employ it in any way, whatever it may be, which ha|ipena to 
be at the time most conducive to the ends she has in view? 

But supposing that an impossibility may be realized, or 
that an extensive coast may be effectually blockaded, tl»c 
circumstance would be of much less consequence now than 
formerly, or than is generally imagined. Suppose, for ex- 
ample, that we are at war with France, and that we effec- 
tively blockade every portion of her coast, whether on the 
ocean or the Mediterranean : the result would be, thsit the 
over-sea produce suitable* to her wants would be imprti^d 
into the contiguous ports of Belgium, Spain, and Pieamont, 
and that it would be carried from them by railways and 
otherwise to every part of France. 

It is plain, therefore, that these are not matters in which 
much dependence can be placed on the resource of block- 
ades, These may be advantageously resorted to when the 
object is to reduce a town, to obstruct tte tra^ of a poit 
or a river, to prevent the sailing of a squa^n, and so forth ; 
but as measures directed against the trade of any great 
country, th^ must be nearly, if not wholly, impotent In 
the case of France, it is quite clear that the strictest possible 
blockade could not inflict half the injury on bar that its 
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maintenance wouUl entail upnn our<e!ve«<. If thu Lrado ofNeutrai** 
neutrals in war is to i)e influenced by notliing Init effective 
blockades, it may be hvhl to be pr:u!lically free from all 
obstruction. But it canmu In* suppused that whvn the evil 
day comes it wall be so thuk with. W lien the existence of 
nations arc at stake, tlic^y will iwt fit* wirhliidd by declara- 
tions like the a!)ove fhun availing flHunscIvi*H «if c*vcry means 
by which tliey may hope either It* pnimott* their own secu- 
rity or to injure their enemies. 

in. It is further obvioiH, wertf rite rules laiti down in laflueace 
the Declaration of IHJfi to be carried into efli'cl without of the new 
large additions being made to the of eon If ahai«l articles, 

that neutrals would engwuss aliiaHi flie eitiire mernso trade 
of countries engageil in war. Ikiniparatively few of thei^Qtif* 
articles whiclt we"ex|Mirt come uiKlcr the tlcftcrifilkm of 
warlike stores; and suppohitig ^we were to be engaged In 
hostilities, neutral sliips wliicli ilid not take oil Iwsaril ccifitrie. 
hand articles would mivigiite witli firrfetl- lirriirily, while 
our 8hif« would be c*X|aiMal to tin* ri^k of eiiptnre. The 
magnituthf of this rink w’oiild ilepeiid on Vfiriiiiis coritm- 
gencies, and would bt* measured by the isiglier premitim of 
insumnee that would have to be paid on tlieiij and tin articlei 
embarked in them. But eoiiHiiieriiig the i'ltne fiiinfviilbn 
to which our shi|'«miiers are iiiri'ady eXfwmiJ, dm mltiitional 
premium il«?y would have to pay. even tlioiigli ii were net 
very considerablei wmihf prnbably tiirii itie «4?Ale in 
favour of tlie iHnilriilH; and if they were tiiiee iiilriKliiced 
and employed for wiy rciiidderiiliir peraiil, it iiiigtit not be 
an easy matter for our diip*«wiirri4 fu rrgiiifi ilii? ground 
they had lost, or to recover ilirir fnriiiiT jKwititifi, m twllll* 
ties lieing tertiiinaleil Hut sii wliairvrr way tl itiijr he 
defeated or t*luileil, ii it* iitit In liii #ii|i|K«rti tiiiit we nhoiild 
abide, in periock of w'ar anti iliHiriiby. Iiy ti rule tt»t would 
tie up our hands ami ilir rfilire ovt-T-Kea trideof 

the empire to foreigium 'Tfii^ uiiiilil hr a drgrrr of liber- 
ality to which eve can hsrflly lie i*x|ieiird rvrr to arrive, 
and which, were it reiili/ed, ivoiilii lie iiwrv iiijiiriiMW lo mt 
ht*st intereHts tliiin the liitmt iiilriise 

IV. Home of the more remit ofijiiiiiefiii nf litit old iytleii Fr^«eBt 
of maritime law do not dniy tliewf lltil tliey 

allege thiil they are li.iitiulril «« fkbe priiiiipli-i. Private 
property, say diey, k iiow re*|irt1rf! lit all 
on by liincl; and il woulil lie for llw iiiivaiitaf# of 
nations, whether lielligereni or iniiiriil, were ilitf «iiiewwv 
humane and generoui fsciliry e^lrndrti to privatr pr«|Wiy 
at sea# But ilik unit of rwoiiiiig w ninrr *jrciotw itwi 
solid* On a lltlle exAriiiiiaiioii it will lii* fbiiiid that 
cates have m rml antlngy. IVitair fimpt^riy wi iiiii!,aiid 
the treasure# of art and irariiiiig, i*fe rr»| 4 *rir«! m$ tar, tltal 
they are sonieiimei iiiieoiidiiioiwlly* liui Irrijtieiiily al#f» «» 
tlie payment of it ronirituiiioii t*r rajimnn, rxriiipietl Iriiiii 
imury. This i« done lircaii»e rxfietiriirr low ibowti llial, 
mnh the ilttinitiion of ilir «tirlr# refrrrrd i«i iiuy lie pro- 
ductive of niurli iiii&rry ami ii la* liiiie or t»i intliiem* 
over the dtcldon nf the Bill mr are nni htuct* to 

infer ihat the deilftictwii of jirivair pioperti' at W'a will tit 
«|iial!y Ineffectiiah Iii otir miloriiiiiair ilth the 

unitetl Smtti in IHU, the iirwtnmmu ot the C^jpiloi it 
Wwhlngton an act di^grarr fid m uur Mm*, 4f«l which 
hid no effeel mtvfi in InUtiiie the Ihhup of tlie 
Amemmn, Hut ilte ievew check iihicli ihe iiinteil gave 
to ibt trade of ilie Unitni iititie the gi'iit wliy atewe 

to the war; and iiitketl tlir liwiii raiNt* tieliig » 

^pa^lly tenninitri. No iitrii mnk enuW'. fiwe 

Ittf^necl hail Americwi iiirrrlia«i brui esewpttd 
from capture or inwle^lalbiu 

Supp^^we are at luir, ;iihI ihai wir 4-nciiiy, tovifig 
w<»^d in laiiJiiig a ibrre in mmm part oi* ilie iliigtltiiiit 
such m Kent or CoiiiiaiiidiL iiiilirt# «« the mvmAntrf oat** 
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Ifeutrality. rages similar to those which the troops of Louis XIV. in- 
flicted on the defenceless inhabitants of the Palatinate ; 
guch proceedings, by not sensibly affecting either our wealth 
or the sources of our power, would in no wise accelerate the 
terpiination of hostilities. On the contrary, they would tend 
to their prolongation, by inspiring us with a strong desire 
to avenge such wanton and unnecessary cruelty. But it 
would be quite another matter were our enemy able seri- 
ously to obstruct our trade, to prevent our exports, or to sink, 
burn and destroy the ships that were conveying to us sup- 
plies of necessary articles. Such proceedings might lay us 
under the greatest difficulties, and would be the most likely 
means to make us listen to proposals for an accommodation. 
Everybody knows that the unpopulaidty of the French 
rule in Germany and other parts of the Continent, in the 
latter part of the war against Napoleon, was in great mea- 
sure occasioned by the destruction of their trade, which, on 
the one hand, rendered their corn and other disposable pro-^ 
duce a mere drug, while, on the other, it added enormously 
to the prices of cotton, sugar, coffee, and most foreign 
articles. But had the rules and regulations embodied in 
the Declaration of 1 856 been then in force, no such result 
would have happened. We should have had the singular 
combination of maritime peace and territorial war. And the 
trade of Prussia, Holland, and the other countries subject 
to France, and, indeed, of France herself, would have been 
as securely and cheaply carried on in neutral bottoms as it 
would have been in a period of universal tranquillity. No- 
thing, therefore, can be more contradictory and illogical 
than to contend that we are bound to extend the same 
immunity during war to private property at sea that is ex- 
tended to private property on land. The cases are in no 
degree parallel, Jn tlie one, private property is respected 
because its destruction is seldom injurious except to the 
individuals immediately interested, and has little or no 
general influence; in the other case, private property is 
seized or destroyed because those from whom it is taken, 
being the carriers or purveyors of necessary articles for the 
community, their loss must seriously affect the latter, and 
may reduce them to the greatest straits. 

Abolition abolition of privateering by the Declaration of 

of pi iva- Paris is of the highest importance, and should give general 
teering. satisfaction. This practice appears to be a remnant of that 
system of private war which is universally waged by indi- 
viduals in early or barbarous ages, but which gradually dis- 
appears as society advances. Privateers rarely attack ships, 
of war. They do not act in concert, or with any object in 
view other than their own private gains. They are, in tmth, 
a sort of legalized robbers and while they occasion much 
individual suffering, they have little or no influence over 
the result of the war. But their employment is principally 
objectionable from its having been found that, despite every 
precaution, it is not possMe to hinder tliem from committing 
the greatest excesses. The desire to amass plunder is the 
ruling passion by which they are actuated ; and being so, it 
would he childish to suppose that they should be scrupulous 
in their proceedings, or that they should endeavour to keep 
Muthin the pale of the law when they think that their objects 
will be likely to be promoted by overstepping its limits. 
And hence their injurious treatment of the ships of neutral 
and friendly powers. A system of this sort may perhaps 
be useful to a nation which has little trade, and may hope 
to acquire riches by fitting out privateers, without being ex- 
posed to the risk of retaliation. But except under very 
peculiar circumstances, it is difficult to suppose that it should 


be advantageous to a nation with an extensive over-sea 
trade. A notion has, indeed, been long entertained, that 
while the interests of humanity would be promoted, the 
rights of belligerents would not be injuriously affected by 
the abolition of privateering. It was stipulated, for instance, 
in the treaty between Sweden and the United Provinces in 
1675, that neither party should in any future war gmnt 
letters of marque against the other ; and stipulations to 
the like effect have since been embodied in various treaties. 
These, however, being only isolated efforts, were insufficient 
materially to abate the nuisance, which could not be put down- 
without an agreement to that effect by the great powers,, 
such as has been announced in the Declaration of 1856. 


The United States, however, though possessed of a most 
extensive mercantile marine, have refused to consent to 
the abolition of privateering. But they have not done this 
capriciously ; nor is it to be denied that there is a great deal 
of weight in the reasons given by the American govern- 
ment for tlieir refusal.® They grow out of circumstances 
peculiar to the United States, — that is, of their warlike navy 
bearing but a very small proportion to their mercantile navy, 
which is the largest in the world. And they contend, 
that were they to abolish privateering, their merchant ships 
would be captured in vast numbers by the numerous cruisers 
of their enemies ; while the merchant ships of the latter, 
owing to the fewness of their own ships of w'ar, would be 
comparatively little affected ; and that to restore the balance, 
to place themselves on a level with their opponents, they have 
no resource but to appeal to the patriotism (selfishness) of 
their citizens by licensing privateers. 

The Americans have, however, intimated their willing- 
ness to assent to the abolition of privateering, provided the 
other powers agree not to attack or molest private ships 
at sea during war. Such an agreement would no doubt 
be very much for their advantage ; but we have already 
seen that it is not one to which we can consent with- 
out at the same time, and by the same act, consenting to 
forego the use of some of the most powerful of our means 
of defence and attack. This, however, is about the very 
last thing that we either should or will do. No British 
statesman will ever agree to an arrangement that would 
diminish our powers and paralyze our energies at the very 
moment when, perhaps, our independence and security may 
depend on these being exerted to the utmost. 


VI. Nothing is said in the Declaration of 1856 in regard 
to the right of visitation and search, probably because it is 
obviously inherent in belligerents ; for it would be absurd 
to allow that they had a right to prevent the conveyance 
of contraband goods to an enemy, and to deny them the 
use of the only means by which such right can be made 
available. The object of the search is twofold: 
to ascertain whether the ship is neutral or an enemy, for 
everybody knows that the circumstance of its hoisting a 
neutral feg affords no security that it is really such ; and, 
secondly^ to ascertain whether it has contraband articles or 
enemies’ property on board. AH neutaral ships that would 
navigate securely during war must consequently heave-to 
when summoned by the cruisers of either belligerent, and 
be provided with passports from their government, and with 
all the papers or documents necessary to prove the property 
of the ship and cargo ; and they must carefully avoid taking 
any contraband articles, and perhaps also belligerent property, 
on board. And hence it has been generally admitted that a 
merchant ship which seeks to avoid a search by crowding sail 
or by open force, may be justly captured and confiscated. ' 


, 1 L’armateur indifferent au eort de la guerre et souvent de sa patrie, ffa d’autre amorce que U^vidit^- du gain, d’autre recompense que 

ses prises et les prix attaches par P^tat d ses pirateries privilegiles. (Martens, Msai mr Us Armateu^rs, cap. i., § 8.) This essay, which 
was translated into English, and published in 1801, contains the fullest details in regard to privateering.^ Valin, who defends and even 
eulogizes privateering, admits that it is very apt d^g^nSr&r en ahus et en brigandage, (Traite dcs Prisss, i., cap. i., § 7.) 

3 See Letters of Mr Marcy to the Count de Sariiges, 28th July 1856. 
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U'eu'wied. One of the most difficult questions in regard to the right 
of search has reference to merchantmen sailing under con- 
voy. Is the allegation of the officer commanding the vessel 
of war convoying the merchantmenj that the latter have no 
contraband articles or belligerent property on board, to be 
held to be sufficient to nullify the right of search ? or may 
the exercise of that right be notwithstanding insisted upon ? 

A case of this sort occurred in the early part of 1798, 
when a fleet of merchantmen belonging to Sweden, a 
neutral power, and sailing under convoy of a frigate, were 
detained by a British squadron. The Swedish captain, on 
the question being put to him, answered that the ships were 
destined for different ports of the Mediterranean, and that 
they were laden with hemp, iron, pitch, and tar. These 
articles were the produce of Sweden but as they have most 
commonly been reckoned contraband of war, and as France 
and her allies had many ports on the Mediterranean, there 
can be little or no doubt that we were warranted, despite 
the threatened but unattempted opposition of the Swedish 
captain, in detaining the ships. But besides being detained, 
they were condemned with their cargo as lawful prize ; a 
proceeding which gave rise to a great deal of discussion at 
the time, and which it is not easy to justify.® 

In the event of the captain of a vessel convoying 
neutral merchantmen distinctly declaring that they have no 
contraband articles or enemy's property on board, their 
detention or search would be a very strong measure. It 
would, in truth, be an insult to the flag and honour of the 
neutral power. And unless the presumptions that the cap- 
tain had emitted a false declaration were exceedingly strong, 
to question his veracity would be an act contrary to the 
comity of nations, and one that a high-spirited people would 
be sure to resent. But except in the case of a limited 
number of vessels sailing to specified ports under convoy, 
and when there is a clear and explicit declaration by tlie 
officer in command tliat they have neither contraband arti- 
cles nor belligerent property on board, the right of search, 
supposing it to be exercised without any unnecessary vio- 
lence, is one that is essential to belligerents, and cannot be 
justly objected to. (j. r. m.) 

NEUWIED, a town of Prussia, government of Cob- 
lentz, on the right bank of the Rhine, here crossed by a 
suspension-bridge, 7 miles N.N.W. of Coblentz. It is re- 
gularly built, in the form of a square; and the streets, 
which are broad and straight, intersect one another at right 
angles. At the west end, near the Rhine, stands the 
palace of the Prince of Wied, a fine building surrounded 
by gardens, and containing an extensive library and col- 
lections of Roman antiquities and of natural history ; the 
latter of which was made by Prince Maximilian of Wied 
in North America and Brazil. Neuwied has one Roman 
Catholic and three Protestant churches, a synagogue, 
several schools, infirmaries, &o. The manufactures of 
the place ai'e considerable, and consist of silk, cotton, 
wool, leather, hats, carpets, tobacco, chicory, hardware, 
beer, brandy, vinegar, &c. A large trade is carried on in 
manufactured articles, and also in pipe-clay, timber, iron, 
lead, corn, wine, and other products of the neighbouring 
country. The town was founded in the first half of the 
eighteenth century, upon the principle of affording com- 
plete toleration to every religious sect ; and it rapidly rose 
to a flourishing condition, being peopled by Protestants, 
Roman Catholics, Jews, Moravians, &c. The principality 
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of Wied was for a long time independent, but was an- Keva 
nexed to Prussia in 1814. Pop. 66u9. || 

NEVA, a river of Russia, flows from Lake Ladoga to ^©vers. 
the Baltic, into wliich it discharges itself by several mouths 
at St Petersburg, after a course of about 40 miles. It forms 
the only outlet of the four lakes of Onega, Ilmen, Saima, 
and Ladoga ; and owing to the vast extent of these sheets 
of water, that of Ladoga being the largest in Europe, it 
conveys an immense quantity of water to the sea. Its 
average breadth is 1500 feet, its depth about 50^ feet ; and, 
flowing with a velocity of 37 inches per second, it has been 
calculated to carry to the ,Gulf of Finland 1 16,000 cubic 
feet of water in a second. Such a body of water, moving 
at such a rate, would be exempt from the influences of 
frost, were it not for the long continuance of the winter, 
and the quantities of ice which are drifted down from 
the lakes by the violent storms to which they are subject. 

Owing to the combination of these circtimstances, the river 
is generally frozen for four or five months in the year. 

The following are the dates of the opening and dosing of 
the river by ice for each year from 1851 to 1856 ; — 


Year. 

Opuinjj. 


of 

1 Tt 

1851 

April ISth 
May 10th 
April 28th 
April 26th 
April lOth 
April 30th 

I)e(‘t»mher 4fh 

1 liS Uaj.. 
* 181 „ 

1862 

October 20th 

1863 

Kovember 30th 

1864 

November 2Ist 

1*7 )i 

1856 

November 23d 

149 „ 

1866 

November 10th 

169 „ 



NEVADA SIERRA. See Spain. 

NEVERS, a town of Prance, capital of the department 
of Nifevre, stands on the right hank of the Loire, at its 
confluence with the Nidvre, 153 miles S.S.E. <»f Paris. 
It is built on the slope of a hill, and has a fine appearance 
when seen from the op|K)site side of the river ; but the 
streets are narrow, steep, irregular, and dirty. Of the 
walls and towers that formerly defended the town some re- 
mains are still to be seen, and one <jf the old mites, called 
the Porte du Croux, still remains, I'he cathetlral, a build- 
ing of the thirteenth, fourteenth, and fifleenth centuries, 
stands at the top of the hill. It has a heavy appearance 
outside, but the interior is riclily carved ; and trie choir 
contains some fine j)ainted glass and old tapestry. The 
Romanesque church of St Stephen, built in 1063, Is the 
oldest in Nevers. 'fhere are two other old churches, one 
of which is now used as a warehouse, atul the other m a 
brewery. The former palace of the dtikes of N«*ver8 is 
now tlie town-hall, and the park behind it han been con- 
verted into a public garden. The ttm n h entered from 
Paris by a triumphal arch, erected to commemorate the 
victory of the French at Fontenoy in 1745. Nevem also 
contains an arsenal, l>arracks, a cullege, several kcIukiIs, a 
public library, and a society of agriculture, science, and 
art It is the seat of a prefecture, of a of a court 

of first resort, and of a ctiurt of commerced The manu- 
fiwrtures of Nevers are very considerable ; that of pottery 
lias been carried on here for eight and employs 

about 700 Imnds. Ca'^non and "shot, chain-cables, ancnoi^ 
massive machinery, implements of huslmndry, violin-strings, 
glue, candles, beer, vinegar, raises, and other mticles are 
also made here. The trade of the place h also consi- 
derable ; and there is a good harbour here on the river. 


Articles which form a considerable part of the produce of a country, though contraband of war, have hpt'ti nUowed to b 

convey^ in neutral ships. But even in that case belligerents have been accustomed to detain them, not for coiirihcation, tut for urc-etnc 
tion. CRobinson^S Admiraltv IteoortM, i. 244.'! 
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Nevin Timber, iron, steel, coal, wool, leather, wine, cattle, and 
il manufactured goods form the chief articles of commerce. 

Nevis. The town is arfcient, and is mentioned by Caesar, under the 
name of Noviodunum. Here that general, in 52 B.c,, fixed 
his head-quarters, and here he left his hostages, supplies, 
baggage, and military chest. After his defeat at Gergovia, 
the people of Noviodunum rose against the Romans, 
massacred all of them who were in the town, and plundered 
the stores. The place was afterwards called Neuirnum^ 
whence the modern name is derived. It was formerly the 
capital of a county, which was raised by Francis 1. to the 
rank of a duchy. It was united to the crown of France 
by Charles III. of Gonzaga, the last duke, who sold the 
duchy in 1665 to Cardinal Mazarin. It then formed the 
province of Nivernais. Pop. (1856) 16,082. 

NEVIN, or Nefn, a town of Wales, Carnarvonshire, on 
the shore of Carnarvon Bay, 20 miles S.S.W. of the town of 
Carnarvon. The town is ill built. It has a parish church, 
several chapels, and a number of schools. Some trade 
is carried on by steam navigation with Liverpool in agri- 
cultural produce. Edward I. held a festival and tourna- 
ment here, soon after his conquest of Wales ; and the posi- 
tion of the lists can still be traced. Pop. (1851) 1854. 

NEVIS, one of the Leeward Islands, in the West Indies, 
is situated in N. Lat. 17. 10., W. Long. 62. 42. It has an 
area of about 20 square miles ; and consists of a single 
conical mountain, rising to the height of 2500 feet above 
the sea, and surrounded by a tract of flat, fertile, and well- 
cultivated land. Nevis is well watered by streams and rivu- 
lets. It was formerly thickly wooded, and even now timber 
is plentiful on the island, especially on the higher parts of 
the mountain. The surface, from the shore to a consider- 
able height, is occupied by sugar plantations ; and though 
the soil of the higher districts is less fertile, the climate is 
not so warm, and many European vegetables are success- 
fully cultivated. The island has no harbours, but there are 
three roadsteads, the best of which is that of Charlestown, 
the capital, which stands on the shore of a large bay. 
Nevis contained in 1850, 380 horses, 2110 horned cattle, 
1605 sheep, and 351 mules. Sugar, molasses, and rum are 
the chief articles of produce ; and these, along with live 
stock, furnish the principal exports of the island. The value 
of the exports in 1854 was L.32,794, and of imports in the 
same year L.20,933. Beef, pork, meal, flour, and cotton and 
linen stuffs are the principal articles imported. The number 
of vessels that entered in 1854 was 86, and their tonnage 
4921 ; of those that cleared 85, and their tonnage 451 8. The 
government is in the hands of a president, who is subject 
to the governor-in-chief of Antigua ; and there is a council 
of seven, and a representative assembly of nine members. 
For ecclesiastical purposes, the island is divided intoflve 
parishes ; and there is a Wesleyan mission, which has been 
in operation here since 1789. There were in 1854 fourteen 
schools, attended by 1707 scholars ; but though the state of 
education is thus far satisfactory, the instruction is of a some- 
what superficial and unpractical character. No government 
aid is given to the schools. There is an hospital on the island 
for the poor and infirm, which receives an annual grant of 
L.150. The revenue in 1854 amounted to L.3875, and 
the expenditure to L.4123. 

This island was discovered by Columbus, and named by 
him after the mountain Nieves in Spain, to which it bore 
some resemblance. It was first settled by the British in 
1628 from the neighbouring island of St Kitfs, and soon 
rose to a high pitch of prosperity and importance ; but in 
the end of the seventeenth and beginning of the eighteenth 
century it sufiered severely from the ravages of an epidemic, 
the hostilities of the French, and the devastation of a hurri- 
cane. Nevis afterwards gradually regained its prosperity ; 
but since the emancipation of the slaves it has been gra- 
dually declining^ the proprietors, from their aversion to 
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that measure, having endeavoured to preserve as much as ^levyie 
possible of the old system, which had ceased to be appH- II 
cable or beneficial in the present state of society, i^^stead ^ 

of adopting a system suitable to the changed state of aflFairs. 

The absence of any law respecting the relations of master and * 

servant produces mutual distrust; and the acquisition of 
wealth by the Negroes is still discouraged by their employers. 

The white population does not exceed 60 adult males ; while 
the whole population is estimated at more than 10,000. 

NEVYLE, or Nevile, Alexander, an old English 
author, was born in Kent in 1544. He is best known by 
an elegant and spirited metrical version, or rather paraphrase, 
of Seneca’s (Edipus, It was written as early as his six- 
teenth year; and was printed in 1581 in a collection en- 
titled Seneca his Tenne Tragedies translated into English* 

Nevyle is also known as the secretary to the famous Parker, 
Archbishop of Canterbury, and as the author of a Latin 
narrative of Kett’s Norfolk insurrection, printed in 1575 ; 
and the Cambridge verses on the death of Sir Philip Sidney ^ 
printed in 1587. His death took place in 1614. 

NEW ALBANY, a town of the United States, North 
America, Indiana, is situated on the right bank of the Ohio, 

3 miles below Louisville, and about 100 S. by E. of Indiana- 
polis. It is one of the largest and most commercial places 
in the state ; and has broad and handsome streets regularly 
laid out. There are about twelve churches, several schools, 
a theological seminary, a court-house, and a jail. T wo news- 
papers are published here. Ship-building, especially that of 
steamers, is carried on here ; and there are also machine- 
works, flour-mills, saw-mills, &c. It forms the southern 
terminus of the New Albany and Salem Railway, which 
extends as far N. as Michigan city. Pop. (1850) 8181 ; 

(1853) about 12,000. 

NEWARK, a town of the United States of North 
America, state of New Jersey, is situated on the Passaic, 

4 miles from its mouth, and 9 miles W. of New York. It 
is regularly laid out, with broad and straight streets inter- 
secting each other at right angles; and has two spacious 
public squares, which are planted witli fine elm trees. The 
court-house is a large structure of brown stone in. the 
Egyptian style. Tlie library building is also very handsome, 
and contains a public hall and a gallery of paintings. There 
are many fine churches in the town, three of which have 
elegant and lofty spires. They belong to Roman Catholics, 
Methodists, and Presbyterians. There are in all about forty 
churches of various sects in Newark. Among the literary 
and educational institutions are, — a historical society, a lite- 
rary association, a Wesleyan institute, and seven schools, 
attended by about 2500 scholars. The chief importance of 
the town is derived from its extensive manufactures, of 
which the establishments for the production of India-rubber 
goods, pf carriages, and of machinery are the largest and 
most important. Leather goods and articles of clothing are 
also manufactured. The trade of the city is principally 
coasting. The registered and enrolled shipping in 1852 
had a tonnage of 5107, of which 1189 were propelled by 
steam. In the same year the number of ships that entered 
was 21, and their tonnage 2304; of those that cleared 13, 
tonnage 1393. Pop. (1 850) 38,893 ; (1853) about 45,500. 

Newabk-tjpon-Trent, amarket-town, and municipal and 
parliamentary borough of England, county of Nottingham, 
on an affluent of the Trent, 20 miles N.E. of Nottingham, 
and 124 N.N.W. of London. It is well though irregularly 
built, and has a large market-place in the centre. The 
parish church is one of the largest and finest in England ; 
and though originally a Norman building, it underwent 
great changes in the time of Henry VI. It is in the form 
of a cross, has a lofty spire, and contains some fine painted 
glass, carved wood-work, and ancient monuments. To 
the N.W. of the town are the remains of an ancient 
castle, which was either built or repaired by Bishop Alex- 

X 
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Kew ander in 112$. King John died here in 1216; Wolsey 
Bedford lodged here% after his fall in 1530; and in the neighbour- 
■ ' 11 hood Charles I. surrendered himself to the Scotch commis- 
sioners in 1646. Newark has Wesleyan Methodist, Bap- 
^^'tist, Independent, and other chapels; a town-hall, court- 
house, several schools, and almshouses. A considerable 
trade is carried on in malt, dour, corn, wool, cattle, and 
coal ; and the commerce of the river is facilitated by the 
wharves a n d- warehouses which have been constructed here. 
A county court is held at Newark ; and there are six annual 
cattle fairs. The borough returns two members to the 
House of Commons. Pop. (1851) 11,330. 

NEW BEDFORD, a town of the United States of 
North America, in the state of Massachusetts, is situated 
on the estuary of the Acushnet, an arm of Buzzard’s Bay, 
55 miles S. of Boston. It stands on the slope of a hill, and 
is for the most part built of wood. The streets, which are 
straight and regular, are generally lined with trees, and 
many of the houses are surrounded by gardens. The town- 
hall is a very handsome building of granite, 100 feet long, 60 
wide, and three storeys high. There is also a fine granite 
custom-house. New Bedford contains about 20 places of 
worship belonging to various denominations, and numerous 
public schools. The manufactures are considerable, but 
principally in connection with the whaling trade, in which 
the town is extensively engaged. Ship-building and cooper- 
ing are largely carried on. In the year ending June 30, 
1852, 18 vessels were admeasured, having a tonnage of 
5626. There are more than twenty manufectories of oil 
of various kinds, and several planing-mills, rope- works, iron- 
worksj &c. The shipping of New Bedford is chiefly em- 
ployed in whaling ; and the total amount registered and 
enrolled had in 1852 a tonnage of 149,208, of which 
125,530 tons were' employed in the whale fishery. The 
number of ships that entered in that year was 113, with a 
tonnage of 27,940; those that cleared 174, with a tonnage 
of 55,347. Pop. (1850) 16,443 ; (1853) about 17,500. 

NEWBERN, a town of the United States of North 
America, in North Carolina, stands at the confluence of the 
rivers Neuse and Trent, 120 miles S.E. of Raleigh. It was 
formerly for some time the capital of the state. It has a court- 
house, jail, theatre, public hall, and several churches and 
schools. The trade of the place is considerable, and the river 
is navigable for steamers for eight mondis in the year. Grain, 
timber, turpentine, tar, and naval stores are exported. The 
registered and enrolled tonnage of the port in 1852 was 
5235. The vessels that arrived in the same year were 22, 
tonnage 2822 ; those that cleared 24, tonnage 3151. Pop. 
(1850) 4722. 

-NEW BRITAIN?;' an island in the Pacific Ocean, N.E. 
of New Guinea, between S. Lat. 5. and 7. 30., and E. Long. 
148^ and 153, It is Separated- from New Guinea by Dam- 
pier^s Strait, which is about 4b miles broad, and from New 
Ireland by St George’s Channel. The outline is irregular, 
and the area is 24,000 square miles. The surface is moun- 
tainous, rising to a considerable height, and well wooded 
on the sloping sides. In some places the mountains extend 
quite to tlie coast ; but in others there are extensive plains 
stretching along the shore. The highest summit in the 
iSand has been observed to emit smoke. The soil is fertile, 
and produces bananas, bread-fruit trees, s£^o palms, cocoa- 
nut palxns, and other trees; besides sugar-canes, bamboos, 
yams, ginger, &c. The animal kingdom is represented by 
dogs, pigs, tui'tle, and fish in large numbers. The New 
Britons resemble the Papuans in their stout, well-propor- 
tioned figures and dark complexions. They are numerous 
and entirely uncivilized, without any articles of clothing. 

NEW BRUNSWICK, a colony of Great Britain in 
• North America, lyi^ between N. Lat. 45. and 48. 5^ W. 
Long. 63. 50. and 67. 63. ; and bounded on the N. bv the 
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it from Lower Canada ; E. by the Gulf of St Lawrence; S. 
by Nova Scotia and the Bay of Fundy ; and W. by tlie Brunswick, 
state of Maine- Its length from N. to S. is 180 miles; W 
breadth, 150; area, 27,704 square miles. Its form is that 
of an irregular quadrangle, and the length of its coast-line 
is about 500 miles. 

The surface of New Brunswick, though not presenting 
very striking varieties in the character of the difierent parts, 
may be divided into three regions, differing to some extent 
from each other in nature and aspect. The southern region 
comprises the tract of land which stretches along the Bay 
of Fundy, and is divided into two unequal parts by the 
River St John. The whole coast of this region is boUl and 
rocky, and the surfoce is much broken and diversified with 
rocks and ravines. To the W. of the St John the soil is 
deep and fertile, and covered with tall and dense forests. 

To the E. of that river the soil is not so fertile, btit there 
are many beautiful valleys covered with forests mixed with 
corn-fields, and traversed by streams flowing into lakes at 
the bottom of the valleys, and ultimately joiifmg the St John. 

The coast of the central region, along tlie (hilf of St Law- 
rence, is low and sandy, covered witli trees of a small size. 

For nearly 20 miles inland the country is flat, and consists of 
marshes and mosses; but in the interior it rises into gently- 
sloping hills and undulations, which extend westward as 
far as the St John. The northern and north-western parts 
of New Brunswick are more mountainous than any of the 
other regions. A branch of the Alleghany Mountains 
traverses the N.W- corner of the province, from the borders 
of Maine to the Bay of Clialeurs. Tlie mountains are not 
of any great height; and while some are bold and preci- 
pitous towards the top, others arc of a more rounded form, 
and many of the hills are clothed with wood to their sum- 
mits. The scenery of this district is exceedingly varied 
and beautiful; the mountains and glens contrast finely 
with the rich valleys, the rivers, cataracts, and lakes, tliat 
are everywhere seen ; and tlie immense forests atki to the 
beauty and luxuriance of the view. It is these forests that 
form the most striking feature of New Brunswick, and 
constitute not the least part of its value to the colonist. 

The principal trees are those belonging to the order of 
j)ines, which occupy most of the low-lying Ian<l in the pro- 
vince. Pines, I*irclH->, and s}>nict s occur in great abundance ; 
and the rocky shores of the Bay of Fundy are rendered 
extremely picturcstjue, es{>ecially in winter, by the dark- 
green clumps of spruces contrasting finely with the snow 
which lies around, and standing firm against the winds and 
storms whicli agitate the waves beneath. The oak, ash, 
maple, birch, poplar, and many other trees, are ali»a found 
in New Brunswick, affording inexhaustible supplies of 
timber, and giving the forests in autumn a most gorgeous 
and rich appearance from the varied tints of their foUn^je 
and flowers. 

A circumstance diat adds greatly to tlie resources of the Eivm sei 
country and the beauty of the scenery, is the number of Iske#. 
rivers, streams, and lakes with which it is watered. Hardly 
any part of die country is destitute of umw stream, of 
greater or less size; and in some mm of the interior a 
canoe can be conveyed with equal eaie to the Bay of 
Chaleunj, the Gulf of St Lawrence, or the Bay of Fundy. 

The largest river is the Looditook or Si John, which rises 
in a lake of the same name in the state of Msine, flows 
first N.E. and afterwards E., forming imt of the boundary 
between Msune and Canada. It then enters New Bruns- 
wick, and flows S- and S.E., till it falls into the Bay of 
Fundy at St John'^ after a course of 4S0 miles. About 
225 miles above its mouth, where the river enters New 
Brunswick, occur the Grand Falls, a cataract 58 feet in 
height, over which tl»e rocks rise steeply to the height of 
300 or 150 feeL The St Jnhxi k krne 
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Hew smaller vessels can ascend to the falls. Above them it is 
Brunswick, navigated by steamers for 40 miles, to the mouth of the 
Madawaska; and- small boats and canoes may proceed as 
far as the source. The St John receives many tributaries, 
among which the most important is the Tobique, which 
joins it on the left from the mountainous region of New 
Brunswick; and in the lower part of its course there are 
several lakes communicating with the river, the largest of 
which, Grand Lake, about 50 miles from the sea, is 30 
miles in length, and varies from 3 to 9 in breadth. The 
river and bay of Miramidii are noticed in a separate ar- 
ticle. The Ristigouche, which marks the boundary be- 
tween New Brunswick and Canada, is formed by five main 
brandies ; and from this circumstance it derives its name, 
which signifies in the Indian language, “the river that 
divides like the hand.” It has a length of 100 miles, 
and falls into the Bay of Chaleurs, having at its mouth a 
breadth of 3 miles and a depth of 9 fathoms. The Nipisigit 
waters the north-eastern part of New Brunswick, and falls 
into the Bay of Chaleurs after a course of 100 miles. Next 
to these the most important river in the province is the 
Peticodiac, which falls into the north-eastern extremity of 
the Bay of Fundy. It is navigable for large vessels to the 
distance of 25 miles from its mouth. 

Geology The geological structure of New Brunswick resembles 
and mine- in its general arrangement that of most other parts of Nortli 
rals. America. The different formations extend eitlier parallel 
to the branch of the Alleghanies, which crosses the country 
from S. W. to N.E., or parallel to the shores of the Atlantic. 
These mountains consist of granite, syenite, trap, porphyry, 
and other rocks; and in other parts of the province the 
Silurian, the Carboniferous, and the Old Red Sandstone strata 
occur. The geology of the interior of New Brunswick, is 
not minutely known, owing to the country being so little 
cleared. Several excellent salt springs are found, especially 
in Sussex Vale, to the N.E. of St John’s. Many of the strata 
of New Brunswick are very rich in fossil remains, which 
are remarkable in many cases for the distinctness and perfec- 
tion with which they have been preserved. Of the mineral 
riches of the province, the most important item is coal, of 
which there is an immense quantity to be found. A vast 
co^l-field occupies the central counties, covering an area of 
between 7500 and 10,000 square miles, or about one-third 
of the whole extent. Iron has been found in great abun- 
dance, and of excellent quality for steel, at Woodstock on 
the St John ; and copper on the banks of the Nipisigit. 
Climate The climate of New Brunswick, like most of the adja- 
and agri- cent parts of North America, is more subject to extremes 
culture. than places of the same latitude in the Eastern Continent. 

At Fredericton the temperature ranges from 35® below zero 
to 95® above, and the mean temperature is about 42®. The 
severest part of the winter is from the middle of December 
to the middle of March ; but the deepest snows do not fall 
tin the end of February or beginning of March, when the 
winds blow from the E. with great fury, piling up the snow 
in drifts and banks. About the middle of March the soutli 
winds begin to blow with considerable strength, and soon 
afterwards the ice disappears from the rivers and lakes, 
and thd country becomes fit for the plough. The. spring 
is short, and generally cold and rainy; but during the 
summer very little rain falls, except in thunder-storms, which- 
are frequent. The finest part of the year in New .Bruns- 
wick is the autumn, aUd especially what is called the In- 
dian summer, which occurs in the month of November.’ 
At this period the varied hues of the forest, the ‘dryness' 
and clearness of the ' atmosphere, and the brilliancy of the 
northern lights, all combine to increase the beauty of the 
s'denery. The climate' of the coast is somewhat more moist 
titan that of the interior. The clearing of the country, which 
is rapidly going on, seems to ' be producing a gradual in- 
crease in the mildness of the inland regions ; for while the 


winter formerly lasted for six months, it now rarely exceeds New 
three or four. The climate is extremely healthy ; epidemics Brunswick, 
are rUre ; rheumatism, low-typhus, and consumption are the 
only prevalent diseases; and there have been many re- 
markable instances of longevity in the province. The soil 
of New Brunswick is very good ; and though the severity 
of the winters is unfavourable to the growth of some 
kinds of crops, potatoes, turnips, pulse, wheat, oats, rye, and 
barley thrive extremely well -here. The largest crop raiseti^ 
however, is that of hay, which is not only sufficient to sup-, 
ply the cattle with fodder, but is also exported in consider- 
able quantities to the United States. The forests of New 
Brunswick, having been as yet but partially cleared, and 
as the occupation of cutting and sawing wood is more pro- 
fitable than that of farming, agriculture has made but little 
progress, and the produce of the country is not sufficient 
to supply the wints of the inhabitants. The cultivation 
of the land, however, is rapidly extending; and im- 
provements are “being gradually introduced, which will 
render the produce of the soil more commensurate with its 
natural fertility. The amount of land under cultivation in the 
province in 1851 was 643,954 acres; and the crops raised 
in 1855 were, — of wheat, 206,635 bushels; of barley, 74,300; 
of oats, 1,411,164; of buck-wheat, 689,004; of Indian corn, 

62,228 ;• of pulse, 42,663 ; of turnips, 539,803 ; of potatoes, 

2,792,394 ; of other roots, 47,880 ; and of hay, 225,093 
tons. The number of horses in the same year was 22,044; 
of horned cattle,’ 106,263 ; of sheep, 168,039 ; and of swine, 

47,932. 

Besides farming, the people of New Brunswick are em- industry 
ployed for the most part in the fisheries ; in the lumbering and com- 
business, as it is called,--that is to say, in cutting down 
ber from the woods, and preparing it for exportation ; and 
in ship-building. The bature of the coasts of the province 
affords great facilities for fisheries ; and the great abundance 
of fish which is to be got here would ii^ender fishing a profitable 
pursuit. It is not, however, carried on to a very great ex- 
tent ; for though many of the inhabitants of the coast 
pursue this occupation, along with those of farming^and 
lumbering, yet the demand for timber and the scantiness 
of the population give greater encouragement to other 
occupations ; while the idleness of the people and the en- 
croachments of American fishermen prevent this employ- 
ment from being prosecuted with as much activity as it 
might be. In consequence of the recent reciprocity treaty 
with the United States, admitting the produce of the colonial 
fisheries free of duty into that country, it is believed that 
the fisheries of New Brunswick will be rnore actively car- 
ried on and more highly valued than hitherto. The princi- 
pal seats of the fisheries are in the harbour of St John’s, 
and on the islands at the mouth of the Bay of Fundy. Cod, 
haddock, herring, and mackerel, are the principal fish' got 
here ; and the total value of the fisheries in the Bay of 
Fundy was, in 1850, L.52,700. The occupation of lum- 
bering, in which a great part of the inhabitants are em- 
ployed, though it is not favourable for the agricultural pro- 
gress of the country, serves to clear out and open up the 
forests ; and produces an active, hardy, and industrious set 
of men. The timber is floated down the rivers to the saw-' 
mills, of which there are in the province a large number. 

The exports of New Brunswick consist principally of 
timber and fish. The total value of tlie wood exported in 
1854 was L.740,157 ; and that of the fish, L. 55, 359. The 
total value of the exports in 1855 was U.826,381, and 
of the imports, L.1,431,330. -The number of ships 
built* in the province in *1854 was 135, and their tonnage 
99,426 ; in 1855 the number of ships was 95, and their 
tonnage 54,561. The number belonging to the province 
on the 31st December 1854 was B78, tonnage 141,454; 
at‘ the same date in 1855 the number of ships was 866y 
mid the* tonnage 138,292. The number of 
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entered the various ports in 1855 was 3442, tonnage 
Brunswick. 590 ^ 757 . that cleared in the same year 3381, ton- 

nage 663,981. The number of saw and grist mills in the 
province in 1851 was 845, employing 4668 hands. ^ There 
were also in ihe same year 125 tanneries, employing 255 
hands; 11 foundries, employing 242; 52 weaving and 
carding establishments, producing 622,237 yards of cloth, 
and employing 96 hands ; 8 breweries, producing 100,975 
gallons of malt liquors; and 94 other factories, employing 
953 hands. 

Divisions The province is at present divided into fourteen counties, 
and go- of which, however, are but thinly peopled; and por- 

vernment. reserved for the aboriginal Indians, 

of whom there were in 1851, 1116 still remaining. The 
extent of land set apart for them is 61,273 acres. The 
government is in the hands of a lieutenant-governor, with 
an annual salary of L.3000, who is aided by an executive 
council of eight, a legislative council, and a representa- 
tive house of assembly. The public revenue in 1855 
amounted to L.93,916; and the expenditure in the same 
year was L.138,353. The judicial establishments of New 
Brunswick consist of a supreme court of four judges, a 
court of chancery, one of marriage and divorce, and one ' 
for the trial of offences committed at sea ; ,the three last of 
which are presided over by the lieutenant-governor. There 
is also a court of vice-admiralty, and one of probate. The 
number of barristers m the colony, practising also the 
business of attorneys, was, in 1849, 155. The military 
force of the colony consists of a regiment of yeomanry ca- 
valry, 3 separate troops of cavalry, a regiment of artillery, 
and 18 regiments of infantry, numbering in all 27,200 rank 
and file. 

Xieligion The religious sects in New Brunswick are Episcopalians, 
and edu- Presbyterians, Methodists, Baptists, and Roman Catholics, 
cation. None of these sects are supported by the government; but 
the Bishop of Fredericton takes precedence next to the 
lieutenant-governor and the commander of the forces. The 
diocese of Fredericton was created in 1845, and included in 
1849 a bishop, an arch deacon, 33 rectors, and 8 curates, with 
61 churches, capable of containing 17,920 people. The 
synod of New Brunswick in connection with the Established 
Church of Scotland consists of 13 ministers; and the synod 
in connection with the Free Church of Scotland consists of 
17 ministers. The Wesleyan Methodists had, in 1847, 21 
ministers and 33 local preachers in the province. The Bap- 
tists, who are divided into various sects, had, in 1846, 41 
ministers ; and the Roman Catholics, in the same year, 1 
bishop and 24 priests. The whole number of places of worship 
in the colony in 1851 was 423. Education is well attended 
to in New Brunswick. There is a university at Fredericton, 
founded in 1828, and constituted after the model of those 
of Oxford and Cambridge. It receives annually from 
the crown a grant of L.IOOO, an equal sum from the pro- 
vincial legislature, and has an endowment of 6000 acres 
of land near Fredericton. There are also Baptist and 
Methodist colleges in the province. Grammar and parish 
schools have been established in every county ; the manage- 
ment of the former being in the hands of a board of trustees 
appointed by the lieutenant-governor and council, who 
themselves form a board of education for the superintend- 
ence , of the parish schools. The parish schoolmasters 
receive government allowances, varying frop L.18 to 
L.S0 per annum. The whole number of schoolhouses in 
1851, was 798. The public charitable institutions consist 
of a marine hospital, a lazaretto, and a provincial lunatic 
asylum. The amount of money expended in 1854 for 
educational and charitable purposes was L. 17,269. 

Hwtopy . The ,ettly history of New Brunswick is closely con- 
nected with that of Nova Scotia, of which it originally 
formed a part, when that provinca, then called Acadia or 
New France, was under the French dominion* The earliest 
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attempt at colonization here was made in 1639 ; and in New 
1672 a number of French emigrants settled on the Mira- Brunswick, 
michi and in other parts of the country. In 1713 New 
Brunswick was ceded to Great Britain, in terms of the 
treaty of Utrecht. The country was first settled by British 
colonists in 1764 ; and in 1784 New Brunswick was sepa- 
rated from Nova Scotia, and made a distinct province. 

It was originally peopled by several different Indian tribes; 
but these have all now disappeared except two, — the Mic- 
macs and the Melicctes, — who, though resembling each 
other in physical appearance, differ considerably in their 
origin and language. They wander in families about the 
country ; but an annual council is held, at which arrange- 
ments respecting their liunting, fishing, and other affairs, 
are made. The European inhabitants of the province con- 
sist to a large extent of descendants of royalists from the 
United States, who left their cotintry at the American 
revolution, that they might remain under the British sway. 

The capital of New Brunswick is Fredericton, in tlie Principal 
county of York, on the St John, 88 miles from its mouth. 

It stands on a plain bounded on one side by the river, 
which is here three-fourths of a mile broad, and on the other 
by a range of hills, 2 miles long and half a mile wide ; and 
it is regularly built with long and straiglit streets. Tlte most 
of the houses are of wood, but the public edifices are of stone, 
and some of them are very handsome. This town has a 
cathedral, five or six churches, a province-hall for the accom- 
modation of the courts of law and legislature, a government- 
house, library, barracks, and other buildings. Pop.about6000. 

StJohn's, the principal commercial town in the province, is 
situated on a rocky promontory at the mouth of the St John 
River, in N. Lat. 45. 20., W. Long. 66* 3. It regularly 
and well built ; but the streets are in some {daces very 
steep, although much labour has been expended in re- 
ducing them to a level. There are many hundstnne public 
buildings of stone, brick, and wood, among which are a 
court-house, church, and bank. Tlie extreme point of 
the promontory is defended by two batteries ; and here are 
also barracks and military stores. The number of new 
vessels registered at St John's iti 1 854 w as 97 (besitles which 
11 vessels w^ere built for owners in the United Kingdom), 
aggregate tonnage 81,379; in 1855 the number was 76, 
and the tonnage 40,986. At 3 1st December 1B55, 566 
vessels, of 1 10,451 tons burden, belonged to the jjort* The 
number of vessels that arrived in 1851 wm 1527, tonnage 
282,450 ; those that cleared 1545, tonnage 324,821. The 
total value of the imports in the same year wm L.b26,39B, 
and that of the exports L.535,44 1 * Fop. almut 12,000. The 
population of the various counties of New Brunswick in 1851 
was as follows : — - 

Albert 6,313 Queen’s ..10,634 

Carleton .....11,108 Uietigouebe 4,161 

Charlotte 18,938 St Joha’t.. 38,475 

Gloucester XI, 704 Sunburv 5,301 

Kent 11,410 Victoria 5,408 

King’s 18,842 Weitmorekna 17,814 

Northumberland 15,064 York 17,6^ 

Total *193,800 

New Bkonswick, a town of the United States of 
North America, capital of Middlesex county, in dm stale of 
New Jersey, stands on the right bank of the River Raritan, 

26 miles N.N.E. of Trenton, and 30 of New Yorlt 
The older part of the town, which is built on the low ground 
close to the river, Ims narrow and irregular streets ; but on 
the hill which rises behind there is a more recent portion, 
with broad streets atid many liandsome edifices* Rutger's 
College, a building of dark red freestone, situated on a lull, 
lias 7 professors, w students, and a library of 10,000 vo- 
lumes. There is also here a theolo^ad seminary of the 
Dutch Reformed Church, with 3 professors, 34 students, 
and a library of 7000 volumes* New Brunswick has 
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Newburg about ten churches, several schools, two banks, a court- 
. II ! house, and a jail. The Raritan is navigable as far as this 



trade. Pop. (1850) 13,070. 

NEWBURG, a town of the United States, North Ame- 
rica, state of New York, on the right bank of the Hudson 
River, 84 miles S. of Albany, and 61 N. of New York. The 
ground on which it is built gradually rises from the water’s 
edge to the height of 300 feet. It is well built; and con- 
tains ten churches; a court-house; jail; theological seminary 
of the Associate Reformed Church, with about 1 1 students, 
and a library of 3200 volumes ; several schools ; and five banks. 
Newburg has large manufactories of cotton, wool, machin- 
ery, flour, plaster, leather, &c., and an active trade is car- 
ried on in grain, flour, and dairy produce, for which the 
surrounding country is famous- Pop. 11,415. 

NEWBURGH, a royal burgh and market-town of Scot- 
land, county of Fife, is situated on the right bank of the 
Firth of Tay, 9 miles E.S.E. of Perth. It is well built, and 
has one principal street running along the shore, and crossed 
at right angles by another leading to the harbour, which is 
formed by several piers extending into the river. The 
town has a town-hall with a spire, a large parish church, two 
United Presbyterian churches, Baptist and Independent 
churches, and several schools. The harbour is pretty good, 
admitting vessels of 500 tons burden; and some trade is 
carried on in corn, timber, linen, and coal. The inhabitants 
are principally employed in the weaving of coarse linens. 
In the neighbourhood of Newburgh are the ruins of the 
abbey of Lindores, and two curious antique crosses. The 
town is ancient, and was made a burgh in 1457. Pop. 
of the burgh (1851) 2638. 

NEWBURY, a municipal borough and market-town of 
England, county of Berks, on the right bank of the Kennet, 16 
miles W. by S. of Reading, and 56 W. by S. of London. The 
river is here crossed by a stone bridge of three arches ; and 
the town, which is well built, has two principal streets, which 
are broad, and arranged in the form of the letter^ T. There 
is a large market-place in front of the parish church, which 
is a large but plain stone building of the age of Henry VII. 
The town contains also places of worship for Wesleyan 
Methodists, Independents, Baptists, Quakers, and Unita- 
rians, and a new Episcopal church has recently been erected 
in the Gothic style. There is also in Newbury a substan- 
tial town-hall, jail, alms-houses, large workhouse, dispen- 
sary, literary institution with library, and several schools. 
The Kennet supplies water-power for several large corn- 
mills in the town and neighbourhood ; and there are also 
silk and paper mills, raalthouses, and breweries, in and 
about Newbury. The manufacture of woollen cloth was 
formerly carried on to a much more considerable extent 
than at present ; and the place was of much importance in 
the days of posting, from its position on the road to Bath. It 
is now connected with the metropolis by a branch of the 
Great Western Railway. Some trade is carried on in malt 
and flour ; and horse and cattle fairs are held thrice a year. 
Two engagements were fought here during the civil war in 
1643 and 1644, in both cases with doubtful issue. Donning- 
ton Castle, not far from Newbury, to the N.W., was the pro- 
perty of Chaucer the poet, who is believed to have spent 
there the last years of his life. > Pop. (1851) 6574. . 

Newbuet-Port, a seaport of the United States of 
North America, Massachusetts, situated on a gentle slope 
on the right bank of the Merrimack, 34 miles N. by E. of 
Boston. It is regularly built, with wide streets, some of 
which rise in terraces parallel to the river, and in its centre 
is a pond about six acres in extent, which is surrounded by 
fine pleasure-grounds. The custom-house is a large granite 
building, with a fine colonnade in the Grecian style; the 
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city hall, a handsome building, has recently been erected at Newcastle 
the cost of about L.7000 ; and there are also a court-house; U 
16 churches, belonging to various sects; and about 30 schools.' 

There is a lyceum, at which lectures are delivered; and a 
public library has recently been established. Newbury-Port v 
has five manufacturing companies, employing in all from 1 500 
to 1600 hands, and an aggregate capital of L.246,000. 

Cotton goods are principally produced ; but iron, machinery, 
leather, boots, shoes, &c., are also among the manufactures. 

The harbour is large and safe, though there is a shifting 
sand-bank at its mouth. The registered and enrolled ship- 
ping of the port at June 30, 1852, had a tonnage of 29,430. 

The number of vessels that arrived in that year w^ere 110, 
tonnage 9231; those that cleared 116, tonnage 10,140. 

George Whitfield died here in 1770, and his remains are 
buried in one of the churches of the town. Pop. 0850) 

11,318; (1853) about 13,000. . ^ ^ 

NEWCASTLE, a market-town of Ireland, county of 
Limerick, situated on the Arra, 25 miles S.W. of Limerick, 
and 144 S.W. by W. of Dublin. It is a neat country town, 
with four principal streets and a large square. The parish 
church is a fine building ; and the town has also a Roman 
Catholic church, two schools, town-hall, market-house, bar- 
racks, fever hospital, dispensary, workhouse, and the re- 
mains of an old castle that once belonged to the Templars, 
but is now the residence of the Earl of Devon. Coarse 
cloth is the principle article of manufacture here, and dyeing 
and bleaching are also carried on. Pop. (1851) 2513, 

Newcastle-Emlyn, a market-town of Wales, in the 
county of Caermarthen, is pleasantly situated on the banks 
of the Teih, 16 miles N.W. by N. of Caermarthen, and 229 
W. by N. of London. It was anciently called Dinas-Emlyn^ 
or the ^‘City of Emlyn ;” and a castle existed here at a very 
early period. It was rebuilt in the time of Henry VII. by 
Sir Rhys-ap-Thomas, and the place then obtained the name 
of Newcastle. The castle was held by the royalists during 
the civil war, but after that period it gradually fell into 
decay, and only the ruins how remain. The town is well 
built, and contains an Episcopal, a Baptist, and other 
churches ; a school ; and a savings-bank. Some trade is« 
carried on in cattle, for which there are eleven yearly fairs. 
Newcastle-Emlyn is included in the parish of Kenarth, 
which had in 1851 a population of 1980. 

Newcastle-under-Lyme, or under-Lyne, a market- 
town and municipal and parliamentary borough of England, 
in the county of Stafford, on the right bank and near the 
source of the Trent, 16 miles N. by W. of Stafford^ and 150 
N.W. of London. It is well though irregularly built, 
chiefly of brick, on the slope of two hills; and contains a 
handsome town-hall ; two Established churches, one of which 
has an ancient square sandstone tower; besides Methodist, 
Independent, Baptist, and Roman Catholic churches; a 
literary and scientific institution, with a library; a theatre; 
a savings-bank ; and a range of alms-houses founded by 
Christopher Monk, Duke of Albemarle, son of the cele- 
brated general. The principal manufacture carried on 
here is that of Iiats, but there are also silk and paper mills, 
and a cotton factory; while shoes, clocks, and earthenware 
are also produced. In the neighbourhood there are coal- 
pits and iron-works. An old castle, of the time of Henry 
VII. formerly stood here, but no remains of it have been 
preserved. The borough returns two members to Parlia- 
ment. Several fairs and cattle markets are held here an- 
nually. Pop. (1851) 10,569. 

Newcastle-upon-Tyne is situated, as its name denotes, 
on the River Tyne, about 8 miles from the sea in a 
direct line, and exactly 10 miles by the course of the navi- 
gable channel. Tt is a county within itself, having its own 
sheriff, and other oflicers distinct from the county of Nor- 
thumberland, of which it originally formed part. The assizes 
for Northumberland are, however, still held in Newcastle, 
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jSTewcctstle- tlic court-house and its precincts being exempt from tlie 
uppn-V jurisdiction of the municipal authorities. The Tyne is 
, formed by the confluence of two streams, of which the 
JNforth Tyne rises near a place called Deadwater, on tlie 
confines of LiddesdaJe in Scotland ; the South Tyne has 
its source near the mountain of Crossfell in Cumberland. 
The point of junction is near Warden, a village 2 miles 
W. of Hexham, from which town the united stream flows 
past Newcastle, and thence between the towns of North 
and South Shields, discharging its waters into the German 
Ocean at Tynemouth, the ruins of the ancient monastery 
at which place forms a conspicuous landmark on the north 
of the entrance to the port. In the night a revolving light 
is constantly kept burning, and exhibits a face every minute. 
The River Tyne commissioners are at this time (1858) 
erecting substantial stone piers at the entrance of the har- 
bour, which, when completed, will add greatly to the 
safety of ships trading to the Tyne* 

Naviga- Within the river, near the town of North Shields, there 
are two lighthouses for the .use of .vessels passing over the 
bar. There are three warping buoys within the river, two 
on the south and pne on the north side ; and in addition 
to these there is a distinguishing buoy on the north side, 
v/liere the low light is situated- The tide flows up the 
Tyne from Shields to a distance of 18 miles; and at New- 
castle Bridge it generally runs upwards about four hours 
and a half, and downwards about seven hours and a half. 
The perpendicular rise at. the bar at Tynemouth is about 
18 feet, and at the bridge from 11, to 12 feet. It is high- 
water on the bar, at the full and change of the moon, at 
about three o’clock, if the weather be settled ; but a strong 
northerly wind will sometimes make it high-water an hour 
sooner, and a strong southerly wind an hour later, than the’ 
regular course ; and there will be at times 2 or .3 feet more 
w'ater on the bar with a strong northerly wind than with a 
strong southerly one. The commissioners are making great 
exertions to improve the navigation of the river, and employ 
a powerful steam-engine for the purpose of dredging. 
Trinity Hue precautions against accidents to shipping have been 
House rendered necessary by the vast number of vessels that pass 

n gcfl- yp down the Tyne ; and an association, formed in 
1825 at the Trinity House, has for its object the preser- 
vation of lives from shipwreck and the maintenance of a 
life-boat at South Shields. The pilots on the river, and 
the sea-pilots, connected with the port of Newcastle,. with 
all its creeks and harbours, which extend from Holy Island 
on the north to Whitby on the south, are about 800 in 
number, and are under the regulation of the corporation 
of the Trinity Hpuse, who have a spacious hall, a chapel 
. of very ancient workmanship, and alms-houses for poor 
brethren and widows, situated in Trinity Chare, near the 
quay. This ancient society is governed by a master 
(elected annually) and twelve brethren, who hold a com- 
mon seal. The charter of this corporation was renewed 
by King Henry VIII. in 1536, and confirmed by Queen 
Mary in 1553, and also refounded by Queen Elizabeth in 
1584. The bridge was founded in very ancient times, and 
consisted of wood. It was once burnt, and at subsequent 
periods, was more than once carried, away by the floods. 
The existing bridge was built between the years 1775 and 
1799. It was only 21 feet wide, which, as the population 
and trade increased, was found very inconvenient ; and in 
1801 it was enlarged and widened, and is now 33. feet 6 
inches in width. It connects the town of Newcastle with 
its suburb Gateshead, which is in the county of Durham. 
The inadequacy of this means of communication between 
the opposite sides of the river was long a subject of com- 
plaint, and several attempts were from time to time made 
to secure the erection of a second bridge on a high level, 
so as to avoid the dangerous declivities of both banks. All 
these failed in consequence of the magnitude of the capital 


required, until the formation of a company to complete the Ifewcastle. 
eastern line of rmlway communication between London and upon- 
Edinburgh. The promoters of this scheme, now carried into 
successful operation, undertook, on the solicitation of the 
inhabitants and others interested to make the bridge which 
was necessary for the transit of the railway available also 
for ordinary traffic ; and to their liberality and enterprise, 
under the scientific direction of Mr Robert Stephenson, the 
public are indebted for that magnificent structure, the 
“ High-Level Bridge.” The design is as remarkable for 
its originality as for its grandeur ; the structure consisting of 
two distinct roadways, one above the other, — the lower ap- 
propriated to ordinary traffic, the upper to the railway, — their 
respective elevations above the level of the river being 90 
and 118 feet. The piers of the bridge are of stone, and 
are six in number, — one on the margin of the river on each 
side, and four in the stream, the ffistance between each 
being 124 feet. The railway works within the town ot' 
Newcastle, including the High-Level Bridge and the pur- 
chase of property, entailed an expenditure on the company 
of upwards of half a million sterling. 

The quay lies immediately to the east of the old bridge, Quay aad 
and was considered, previous to the introduction of 
docks in our principal ports, as the finest wharf in England. 

Its length was nearly 550 feet, to which a further length of 
1000 feet has been added by the corporation. The new 
portion, however, still presents an unsightly appearance, in 
consequence of the delay which has occurred in effecting 
the contemplated removal of a mass of property of the very 
worst description, and the^ erection of buildings which would 
have presented a handsome elevation to the river. The 
old quay appears even more desolate, from the disastrous 
effects of a tremendous explosion which occurred in the 
neighbouring town of Gateshead in 1854, involving an un- 
precedented destruction of property on both sides of the 
river. The town-wall formerly ran between the warehouses 
on the quay and the river, to the great obstruction of com- 
merce, but was removed about the middle of the last cen- 
tury. Other portions of the wall have from time to time 
been removed without any pressing necessity, and little of 
it now remains. Leland, who saw it in its integrity, says, — 

The strength and magnificence of the walling of this town 
far passeth all the walls of the cities of England, and of 
most towns in Europe.” Sir Ralf Sadleyr gives similar tes- 
timony. 

From an early period Newcastle has been chiefly indebted Coal trade, 
for its mercanUle importance to the extensive coal-fields 
adjacent. The cinders of this mineral discovered amongst 
the ruins of several of the Roman stations in Northumber- 
land show that its use was not unknown to the imperial 
legions in Britain, although the abundance of wood every- 
where available for fuel necessarily confined the consump- 
tion of coal to the immediate locality in which it was pro- 
duced. During the Saxon period we have no notice of 
coal either as an article of commerce or of domestic con- 
sumption, although it is probable that where the seams were 
easily accessible they were not altogether neglected. The 
earliest authentic records of the Newcastle coal trade, after 
the Conquest, is found in a charter of Henry III. to the 
burgesses, a.d. 1239, in which he grants them license to 
dig coal in the Forth and Castle field, within the liberties 
of the borough. From an inquisition in the reign of M- 
ward I. it a{>pears that, in consequence of the rapid de- 
velopment of this traffic, the revenues of Newcastle were 
tlien worth L.200 per annum, although they had been 
granted by King John at a fee-farm rent of L.lOO per an- 
num, which was more than their then estimated value. In 
1306 the use of sea-borne coal must have been general in 
I^ndon, as in that year Parliament complained to the 
king of its infecting the air with noxious vapours, in con- 
sequence of which the use of coal was prohibited nwd 
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Kewcaatle^ strict orders given to destroy all furnaces and kilns in 
upon- which it was used. Coals, however, must have again 
come into use in 1327, as at the coronation of Edward 
III. a debt appears to have been due for this mineral ; 
and in the same reign orders were issued relating to the 
measuring of coals ; and such as were got in the field of 
Gateshead were to be taken across the Tyne in boats, 
and, after paying the custom-duty, to be sent to any port 
of the kingdom, but to no port out of the kingdom except 
to Calais. About the year 1338 the Prior of Tynemouth 
granted colliery leases. In the year 1582 Queen Eliza- 
beth obtained a lease for ninety-nine years of the manors 
and royalties of Gateshead and Whickham for L.90 per 
annum, which caused the price of coals in London to rise 
to 9s. tlie chaldron; upon which the lord mayor made ap- 
plications to Lord Burleigh that the price might be reduced 
to 7s. In 1615 the trade appears to have employed 400 
sail of ships, some of which sailed to France, and others to 
the Netherlands. During the civil wars the trade and the 
prices of coal fluctuated much, as at one time London was 
with the Parliament, and Newcastle with the royal party. 
In 1675 the shipping of Newcastle was estimated at 80,000- 
tons. In 1710 the annual average export for the three 
preceding years had amounted to 178,143 chaldrons, and 
in 1 776 to 260,000. The following account will show the 
vast but gradual increase since that time : — 

An Account of the Quantity of Coals shipped at New- 
castle from 1794 1835, distinguishing those sent Coast- 
wise and those over Sea* 



The preceding account is given in Newcastle chaldrons, 
which weigh 53 cwt., but the London chaldron weighs 
only 28 cwt. The former contains 68, the latter * 36 
Winchester bushels. Since the duty on coals water-borne 


quity. The lead mines are situated in the mountainous Newcastle- 
districts in the west of Northumberland and Durham, and in iipoii- 
the adjacent parts of Cumberland, from which the produce ^ ^ 

is conveyed to Newcastle for shipment. The discovery of 
the mines of Cumberland in the reign of Henry I. is noticed 
in the Chronicle of Robert de Monte ; and [those of Dur- 
ham were probably known at as early a period. The latter 
were granted by King Stephen to his nephew Hugh 
Pudsey, Bishop of Durham. The Cumberland mines were 
gradually extended into Northumberland ; and in the reign 
of Richard I. by much the more valuable portion was in the 
latter county. In the earliest records the mines both of 
Cumberland and Durham are described, not as lead but as 
silver mines, from the abundance of that precious metal 
which they contained. Those of Cumberland were let to 
the royal moneyers at Newcastle and Carlisle, and those of 
Durham probably supplied the mint which pertained to that 
episcopate. The pipe rolls of Cumberland and Nortlium- 
berland afford several instances of the transport of lead 
from the former county for export from Newcastle in the 
reign of Henry 11. The productiveness of these mines 
continues undiminished ; and large quantities are yearly ex- 
ported from Newcastle, both in pigs and in a manufactured 
state. The manufactures carried on here include patent 
shot, and all other preparations of lead, whether for pig- 
ments or otherwise. 

' The manufacture of glass was first introduced into Eng- Glass, 
land by emigrants from Germany, who established them- 
selves in the neighbourhood of Newcastle in the reign of 
Queen Elizabeth. The trade has continued to flourish 
ever since, and is now extensively carried on in all its 
branches — bottle, crown, sheet, and plate glass. 

Works for smelting iron have been established in this Ironworks, 
district for many years, but these have been multiplied to a 
great extent ‘withiii a short period. Various branches of 
the iron manufacture are also carried on, including three 
very extensive establishments for building locomotive en- 
gines ; one of them set on foot by the late George Ste- 
venson, father of the locomotive system, and now conducted 
by his son, Robert Stevenson, C.E. The building of iron 
ships has also been recently introduced on a very extensive 


ceased the account of the quantities shipped has been kept 
with less correctness. 


Coals Shipped from the Port of Newcastle from 1849 
to 1857. 


• Year. 

Coastwise. 

Foreign. 

Year. 

Coastwise. 

Foreign. 


Tons. 

Tons. 


Tons. 

Tons. 

1849 

2,127,658 

778,465 

1854 

2,138,311 

1,345,456 

1850 

2,252,293 

1,007,716 

1855 

2,014,760 

1,417,640 

1861 

2,049,816 

1,001,939 

1856 

1,942,843 

1,649,788 

1862 

2,167,273 

1,057,463 

1857 

2,082,001 

1,773,363 

1853 

2,131,417 

1,032,566 





The number and tonnage of vessels registered as be- 
longing to the port of Newcastle on 31st December 1856 
were, — Sailing-vessels under 50 tons, 110 ; tonnage, 3083 : 
above 50 tons, 452; tonnage, 124,830: steam-vessels under 50 
tons, 81 ; tonnage, 3 364 ; above 50 tons, 23 ; tonnage, 7621. 
During 1856 there entered and cleared at the port in the 
coasting .trade, —Sailing-vessels, inwards, 2172; tonnage, 
179,281: foreign, outwards, 9860; tonnage, 1,262,076: 
steam-vessels;- inwards, 525 ; tonnage, 112,325: outwards, 
782;. tonnage, 196,713. In the colonial trade, — Sailing-ves- 
sels, inwards, 70 ; tonnage, 17,040: outwards, 151; tonnage, 
59,019 r steam-vessels, outwards, 1 ; tonnage, 16. In the 
foreign trade,— SaUmge^vessels, inwards, 3816; tonnage, 
59^,339: outwards, 6697 ; tohnage, 1,2 17,689: steam vessels, 
inwards, 103 ; tonnage, 33,452: outwards, 119; tonnage, 
3i;34L ' , ' - : 

' The export of lead from Newcastle, although much in- 
ferior in importance to that of coal, is of still greater anti- 


scale. Since the year 1816 a most important business has 
arisen in the neighbourhood of Newcastle, namely, the pro- 
duction of crystals of soda and mineral alkali by the decom- 
position of common salt. Besides these, there are manu- 
factures of paper of all descriptions, and mills for the crushing 
of linseed ; and the manufactories of copperas, coal-pitch, 
spirits of tar, varnishes, soda, aquafortis, whiting, glue, vine- 
gar, and soap, are numerous and extensive. 

The imports, are various, but the principal articles are 
corn, wine, spirits, fruits, sugar, tobacco, tea, coffee, but- 
ter, cheese, tallow, hides, oak-bark, rags, flax, hemp, linen 
yarn, mahogany, deals and other timber, spars, masts, 
cordage, tar, iron, and what is necessary for the equip- 
ment of shipping. This view of exports and imports ac- 
counts for the number of vessels which have entered this 
port in successive years from foreign countries. 

Newc^tle occupies, the site of the Roman fortress of Ancient 
Pons ASliij one of the stations on the Wall of Hadrian, history, 
which traversed the island from the Tyne to the Solway 
Firth. In the immediate vicinity the Saxon kings had a 
villa or occasional residence, called Aid Murum^ celebrated, 
according to Beda, for the baptism within its walls of two 
royal converts-^Sigebert, King of the East Saxons, and 
Paeda, the son^bf^Pebda, King of Mercia. At the period of 
tho Norman conquest the Roman station was known as 
Monkchester, having 'probably been used as a place of 
refijge by the brethren of sOme of the numerous monastic 
establishments which existed in the neighbourhood prior to 
their destruction by the Danes, towards the close of the 
ninth century. The castle, which gives name to the pre- 
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N’ewcastle- sent town, was built by Robert, the eldest son of William 

upon-Tyne, Conc[ueror, on his return from a hostile expedition into 
Scotland, a.d. 1080. William Rufus is said to have fostered 
the growth of the infant community, as well by grants of 
privileges as by pecuniary aid. Ihe particulars of these 
concessions rest on the authority of the metrical annalist 
Hardyng, a comparatively recent historian ; but the gene- 
ral truth of his narrative is confirmed by the ascertained 
position of Newcastle in the succeeding reign. The Laws 
and Customs of Newcastle” under Henry I. bespeak the 
advanced maturity of the borough, and the amount of royal 
favour which it must have experienced. In the reign of 
Stephen, Newcastle, with the rest of Northumberland, was 
enjoyed in succession by the Earls Henry and William, the 
son and grandson of David L, King of Scotland, but was 
taken from the latter by Henry 11. on his accession to the 
crown of England. King John granted several charters to 
the burgesses ; amongst others, one conferring the right of 
holding the town in fee-farm, instead of at the will of the 
crown, Henry III. further extended their immunities by 
authorizing the election of a mayor out of their own body, 
who should preside over them, instead of a provost, as 
heretofore, appointed by the crown. The enfranchisement 
of the borough from the dominion of the sheriff of Nor- 
thumberland, and the liberty of electing a sheriff of their own, 
was conceded to them by Henry IV. Several additional 
immunities • were granted by successive charters, all of 
which were, in the reign of Elizabeth, condensed and con- 
firmed by what was known then as the “Great Charter and 
that, being afterwards slightly changed in the reign of 
James I., continued till the passing of the existing law in 
1835. ‘ By that law the town has been divided into eight 
wards for the purposes of that act, and has now fourteen 
aldermen, forty-two councillors, a mayor, and sheriff, with 
justices of the peace, nominated by the crown. It returns 
two members to Parliament. 

The revenue of the corporation is very large, amounting 
in 1856 to L.82,000, arising from dues on coal and cinders, 
rents of property, tolls, &c. 

Docks, &c. The corporation were, up to 1850, conservators of the 
Tyne, but in that year they were superseded by a commis- 
sion composed of members from Newcastle, North and 
South Shields, Gateshead, &c. By the Tyne Improvement 
Act, which received the royal assent on the 15 th July 1850, 
the conservancy of the River Tyne is transferred from the 
corporation of Newcastle to the “ Tyne Improvement Com- 
missioners.” Those commissioners are in number 1 8, — viz., 
4 life commissioners named in the act, and 6 elected annu- 
ally by the Newcastle council, 3 by the Tynemouth coun- 
cil, 3 by South Shields council, and 2 by Gateshead coun- 
cil. The elections of river commissioners by the respec- 
tive councils takes place on the 9tb November in each year. 
By the Tyne Improvement Act 1852, additional powers 
are vested in the commissioners ; and they are, by that act, 
authorized to construct a dock at Hayhole, to be called the 
Northumberland dock, and to form piers at the mouth of 
the river. The Northumberland dock has since been 
completed, and the two piers are in a state of considerable 
forwardness. By the Tyne Improvement Act 1857, the 
commissioners are also authorized to construct a deep-water 
dock at Coble Dean, communicating by a junction with the 
Northumberlan d dock. B esides the corporation their are many 
guilds or companies, having chartered privileges, and halls for 
their assembling. There are the “Twelve Mysteries,” founded 
between the years 1215 and 1 621 ; the “Fifteen By-Trades,” 
founded between 1426 and 1626; and the various com- 
panies, eight in number, created at different periods, like 
the others, between the years 1454 and 1675. These 
companies choose annually sixty-nine stewards, out of which 
number a body of nine is nominated, called the Herbage 
Committee, whose duty it is to superintend the improve- 


ment and enforce the regulations respecting the free com- Newcastle- 
mons, of 1200 acres, upon which the burgesses have the “pon-Tyne. 
privilege of pasturing two cows each (and a free pasturage 
is thus afforded to 700 cows), and also to watch over the 
interests of the freemen, and of their respective fraternities. 

They have a revenue of about L.900, derived from ground- 
rents, way-leaves, and other sources. 

Newcastle being a county of itself, the courts of assize Town and 
and nm prius are held thrice a year at the guildhall at the county 
Exchange. Those for Northumberland, in the county- courts, 
courts at the Castle Garth, are held at the same time. 

There are also some inferior courts of justice held, such as 
the mayor’s court, in which only free burgesses or their 
widows are sued, and in which are tried all cases relating 
to real or personal actions to any amount arising within the 
town ; the sheriffs court, in which all actions are brought 
as in the mayor’s court, but with this distinction, that they 
may be instituted against all other persons than free bur- 
gesses ; the court of conscience, to determine all debts or 
actions not exceeding in amount forty shillings, which ex- 
tends to all persons residing within the liberties of the town ; 
and the court of guild, the chief business of winch now is 
the admission of persons to their freedom, whether they are 
entitled to it by birth, or by an apprenticeship during seven 
years. Besides these, a court of admiralty is occasionally 
held, the principal duties of which consist in preventing 
injury from being done to the river or to the salmon 
fishery. 

The population of Newcastle has advanced in nearly the Population, 
same proportion as that of the other towns of the kingdom. 

In 1801 it amounted to 28,366, in 1811 to 27,587, in 1821 
to 35,181, in 1831 to 42,760, in 1841 to 69,430, and in 
1851 to 87,784. But each of these accounts is materially 
deficient, owing to their exhibiting only the number of in- 
habitants within the limits of the burgh ; and does not in- 
clude those of its populous suburbs. In 1851 Gateshead 
alone had 25,568 inhabitants. Annual rental 1857, New- 
castle, L.35l,408 ; Gateshead, L.75,749. 

The public buildings for religious purposes are nmne- Public 
rous. Those of the Established church claim the first at- buildings, 
tention. Of these, the mother church of St Nicholas is 
probably the oldest, and certainly tlie most striking. It 
was founded in the year 1091, by Osmond, Bishop of Salis- 
bury, and placed under the jurisdiction of the bishop of 
Carlisle. The edifice was burned in 1210, and the present 
structure finished in 1359. The interior of the church is 
242 feet ; and on entering it by the great western door, the 
spectator is struck with mingled impressions of delight and 
solemnity, from the general and noble effect produced by 
the view. Some considerable improvements in the aiTange- 
ment of the pews made in 1783 have adapted it for ac- 
commodating a congregation of more than 1200 persons. 

The organ is a remarkably fine instrument. The frame- 
work is mahogany, and the two pillars in front are magni- 
ficent ; the centre is surmounted by the figures of two 
recumbent angels, and the compartments of the front are 
embellished with a variety of richly-gilt pipes. Several 
fine marble monuments have recently been erected on this 
edifice. A public library is attached to this church, formed 
by donations at different periods since the year 1661, but 
principally by Dr Tomlinson. 

St John’s church is an ancient structure, and supposed 
to have been built in the latter end of the thirteendi cen- 
tury ; but it has since been enlarged and beautified at dif- 
ferent periods. The great eastern window contains some 
curious ancient specimens of stained glass. By the erec- 
tion of some new galleries and other arrangements of pews, 
it has been made capable of seating, including scholars in 
the aisles, more than 1400 persons. It has a square steeple 
with four pinnacles, a clock and six bells, with a lax^ 
burying-ground adjoining. 
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N’ewcastle- St Andrew’s church is said to hare been built by David 
upon-Tyne.king of Scotland, who died in 1153. It still exhibits some 
specimens of Anglo-Norman architecture, though many 
alterations have been made at different periods. Being 
near the town wall, it suffered much during the siege of 
1644, and was long afterwards closed. It is furnished with 
a new organ, and the interior so arranged as to accommo- 
date 1300 hearers, besides 200 children. Near to it is the 
burying-ground, which, by the removal of some houses 
in 1 824, is laid open to public view, and handsomely sur- 
rounded by palisades. 

All-Saints’ church is a modern structure, having been 
erected between the years 1786 and 1796, at an expense 
of L.27,000, raised by an assessment upon the owners of 
houses in the parish. It has a stately Doric portico at the 
entrance, from which there rises an elegant spire to the 
height of 202 feet from the ground. It has a fine set of 
bells and a clock. It contains a spacious gallery, and the 
whole seat-room will accommodate near 1200 persons, and 
270 children of the charity schools, who have seats in the 
gallery. This building was erected on the site of an ancient 
church which existed before the year 1284, but which was 
considerably larger, and capable of containing 2000 persons. 

St Ann’s church is, properly speaking, a chapel of ease ^ 
to the parish of All-Saints. It was erected in 1768, on the 
foundation of an ancient building, at the expense of the 
corporation. It has a large school attached to it, in which 
boys are instructed in reading, writing, and arithmetic, on 
very cheap terms. The church has seat-room for about 
500 perons. 

St Thomas’ church is a chapel of ease to the parish of St 
Nicholas. It was begun in 1 828, and finished in 1830. It is 
an elegant structure, built in the early English style. The 
church is 135 feet in length and 63 feet in breadth, and has 
a tower 138 feet in height It can accommodate from 1000 
to 1100 persons. In the suburb or town of Gateshead is 
the church of St Mary, a new steeple to which was built 
on an old foundation in 1740. Its chief ornament is an ele- 
gant window of stained glass in the southern transept, which 
was presented to it in 1824. There is seat-room for 800 
persons, including that for the charity children. Among the 
other churches are St Peter’s, Oxford Street, and St Paul’s, 
Arthur’s Hill. This latter has been purchased by the In- 
dependents. 

The places of worship for the various classes of dissenters 
from the Established church are numerous. From the 
vicinity to Scotland, the adherents of the Presbyterian form 
of worship are the greatest in number, occupying nine 
meeting-houses, most of them being of the Scotch kirk, and 
others secessions from it. The next largest portion of wor- 
shippers are the Wesleyan Methodists of the new and old 
connection, who have six chapels, one of them the largest 
place of worship in the town. The Independents occupy 
three chapels, the Baptists three, the Roman Catholics two, 
and the following persuasions, — viz., the Quakers, the Glass- 
ites, the Unitarians, and the Swedenborgians, — one each. 

To the enterprise of Mr Richard Grainger the inhabi- 
tants of Newcastle owe the creation of almost a new town, 
built in a style of architectural beauty not inferior to any 
in the kingdom. After having built Eldon Square, Blackett 
Street, and several others of minor importance, Mr Grain- 
ger’s first exertions, in an embellished style of architecture, 
were made on a large piece of ground adjoining the Leazes. 
Upon this he erected a pardlelogram, consisting of up- 
wards of fifty houses, all faced with polished stone, and of 
great elegance of design, and some of them of large 
dimensions. This undertaking was carried through by him 
at the same time that a spacious and splendid arcade was 
constructed in the centre of the town. The next attempt 
of this individual was more gigantic, and incurred an 
expenditure of half a million sterling. There existed in the 
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very centre of the town a large piece of ground, about I^Tewcastle- 
thirteen acres, which had originally been the gardens of the 
Grey Friars, and of a convent of Benedictine nuns. This 
completely cut oft* the communication between the oppo- 
site sides of the town, except by circuitous streets, and 
was partly occupied by stables, cow-sheds, and other nui- 
sances. Mr Grainger conceived the idea of covering this 
extensive piece of ground with liouses and markets of ele- 
gant construction. The purchase of the ground was effected, 
and the work begun, in the summer of 1834. This extra- 
ordinary undertaking consists of seven streets, some of them 
80 feet broad, and all of stone, and highly embellished ; 
besides a butcher market and a vegetable market, w^hich 
alone occupy a space of more than two acres, and are en- 
tirely covered in. The butcher market consists of four 
avenues, 19 fee,t 4 inches wide, 27 feet high, and extend- 
ing in length 338 feet. The vegetable market is connected 
with the butcher market, and consists of one stupendous 
hall, 318 feet long, 57 feet wide, and upwards of 40 feet 
high. A new theatre of great architectural beauty, a chapel 
for the Methodists of the new connection, a new dispensary, 
and a church, are also included in the plan. At the top 
of the principal street, named Grey Street, is a column 
150 feet high, surmounted by a statue of Earl Grey. 

This elegant memorial is from a design by Messrs John 
and Benjamin Green of Newcastle, and the statue is by 
Bailey of London. The cost was defrayed by public sub- 
scription. Recently a large and massive building has been 
erected for the jail and house of correction, which cost 
L.49,000. 

Newcastle is as well supplied with those institutions which 
tend to tlie acquisition and diffusion of knowledge as anyplace 
of its extent in the kingdom. The Literary and Philoso- 
phical Society was founded in 1793. Its objects were — the 
discussion of the several branches of polite literature, and 
making inquiries into the situation and properties of the 
miner^ productions of the neighbourhood, with the eluci- 
dation of the sciences applicable to commerce, antiquities^ 
local history, biography, nautical inquiry, and other sub- 
jects. A new institution for (delivering lectures has been 
united with it since 1 802. A library, of more than 12,000 
volumes, has been collected, and a valuable apparatus pur- 
chased for the illustration of chemistry and other branches 
of physics. The usefulness of this society has recently 
been greatly increased by the reduction of the annual sub- 
scription from L.2, 2s. to L.l, Is., in consequence of a 
munificent donation to its funds by a spirited individual 
(Robert Stevenson, Esq., M.P.) The Natural History 
Society has erected an elegant building, which contains a 
museum of very great value. The published transactions 
of this society have raised the character of its members to 
a high rank in that science. The Newcastle Antiquarian 
Society hold their meetings in the old castle. 

There is also an establishment recently formed, called 
The Literary, Scientific, and Mechanical Institution,” of 
which young persons may become members, and attend 
classes appointed for drawing, mathematics, chemistry, and 
the languages, at a very small expense. This society is 
also gradually forming a library, and various collections tp 
assist in science and in art. There are likewise several 
subscription-rooms for newspapers, — especially good ones 
at the Exchange, Sandhill, and Central Exchange, Grey 
Street. 

There is a well-endowed royal free grammar school, in 
which Greek and Latin were intended to be taught gra- 
tuitously ; but a small fee is noyv paid by the scholars. 

It has access to some exhibitions at Lincoln College, Ox- 
ford. In several other schools many boys and girls are 
taught on the Lancasterian and Madras plans; and most 
of the churches and chapels have schools connected with 
them, 

T 
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Kewcome, The institutions for benevolent purposes are numerou^ 

V - of which the most prominent are Jesus’ hospital, which 
provides for fifty old persons ; Blackett, and the two David- 
son’s hospitals, in all for eighteen poor widows of clergy- 
men or merchants ; the Keelman^s hospital, formed by 
that class of persons for the relief of their destitute, and 
chiefly maintained by a duty of one farthing per chaldron 
on all coals exported from the River Tyne ; and the hos- 
pitals of St Mary Magdalen and ofdie Virgin Mary, the former 
for a master and three, and the latter a master and eight 
poor brethren. 

The establishments for administering relief to the dis- 
eased or infirm poor are, — the infirmary, to 'which is now 
annexed a lock hospital, and which extends relief to the 
sick and lame poor of the counties of Newcastle, Durham, 
and Northumberland ; the average annual number of in- 
patients being 800, and of out-patients YOO ; the dispensary, 
founded in 1777, supported by voluntary contributions, 
the object being the administration of medical and surgicd 
aid to all diseased applicants, and the promotion of vaccine 
inoculation ; the house of recovery, for the reception of 
•persons afflicted with febrile diseases ; the lunatic asylum, 
for thirty-eight males and the same number of females; 
the lying-in hospital, for poor pregnant women ; the eye 
infirmary, and St Luke’s hospital. 

Markets, The markets are well supplied with provisions of all 
kinds ; and the market for corn is one of the largest in the 
north of England. Water is abundantly supplied by the 
Water Company, from resources and reservoirs at Whittle 
Dean, 12 miles W. of Newcastle. There are no less than 
twelve public fountains, here called in different parts 
of the town, but on account of the height of the reservoirs 
above the town, they are seldom now required, the pres- 
sure being sufficient; the fire-engines are under good re^ 
gulation. There are companies for insurance against fire, 
as well as for ship and life risks. The town is well watched 
and lighted with gas. 

The places of amusement are not numerous ; the 
most prominent being th*e theatre-royal. The former 
house was opened in 1788, and was pulled down in 
1836 to make way for the building of Grey Street. The 
new theatre, which is a structure of great beauty, was 
opened in February 1837. The assembly-rooms, built in 
1 766, are commodiously planned, having a ball-room 94 
feet by 36, with a music gallery; adjoining are card-rooms, 
a room for private assemblies, and on the lower story is a 
supper-room, in which 460 individuals have been accom- 
modated at the same time. There is a music hall ap- 
propriately fitted up, with the requisite auxiliary apart- 
ments. 

The communication between Newcastle and the western 
coast is greatly facilitated by the Newcastle and Carlisle Rail- 
way, and to the north by the North British Railway, (j. h.) 

NEWCOMB, William, Archbishop of Armagh, a 
learned divine, was born in Bedfordshire in 1729. Having 
entered the university of Oxford, he was first a student of 
Pembroke College, and afterwards a fellow and tutor of 
Hertford College. His rise to honour and preferment was 
sudden and rapid. The degree of D.D. was conferred 
upon him in 1765 ; in the same year he became chaplain- 
toiihe lord-lieutenant of Ireland; and in 1766 he was pro- 
moted to the bishopric of Dromore. All the while New- 
come was closely directing his attention to biblical criticism, 
and was carefully maturing his views preparatory to pub- 
lishing them. At length the results of his studies began 
to appear in quick succession. He published, among other 
works, The Harmony of the Gospels, in 1778; The Dura- 
tion of our Lord^s Ministry particularly considered, in 
1780; Observations on our Lords Condtuct as a Divine 
Instructor^ in 1782 ; An Historical View of the English 
Biblical Translations, in 1792 ; and An Attempt towards 
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revising our English Translation of the Greek Scriptures, ifew Enr- 
in 1796. Meanwhile, the author, after having been sue- land ^ 

cessively translated to the sees of Ossory and Waterford, || 
had been installed in the archbishopric of Armagh 
1795. His death took place in 1800. land. 

NEW ENGLAND, a name given to the north-eastern 
portion of the United States of North America, comprising 
the states of Maine, New Hampshire, Vermont, Massa- 
chusetts, Rhode Island, and Connecticut. (Sec United 
States.) 

NEWENT, a market-town of England, county of Glou- 
cester, 8 miles N.W. of the town of that name, and 110 
W. by N. of London. It consists of three irregular streets, 
and has a large old parish church, with a lofty spire, 2 dis- 
senting churches, and a national school. Pop. (1851) 1547. 

NEW FOREST. See Hampshire. 

NEWFOUNDLAND, an island belonging to Great 
Britain, in the N. Atlantic Ocean, off the E. coast of North 
America, and forming the most of the eastern boundary of 
the Gulf of St Lawrence. It lies between N. Lat. 46. 38. 
and 51. 37., W. Long. 52. 44. and 59- 31- ; and is separated 
from Labrador by the Straits of Belleisle, about 12 miles 
broad; and on the S-W. it approaches within 70 miles of 
North Point, in Cape Breton Island. Its form is generally 
triangular, but extremely irregular. Its area is about 36,000 
square miles, and its coast line is estimated at nearly 1000 
miles in length. 

This vast island reposes upon an immense bank, a con- Surface of 
tinuation of which has been observed all the way to Nova the coaa* 
Scotia. It is apparently a mass of solid rock, having a very 
wild and rugged appearance from the sea, and being any- 
thing but inviting. On its south-eastern quarter Nevrfbund- 
land is formed into a peninsula of about 80 miles in length, 
by from 15 to 60 in breadth ; the isthmus which unites 
it with the mainland being not more than 4 miles in breadth. 

This peninsula is called Avalon. To the N. of it, and on 
the - eastern side of the island, lies Trinity Bay, which is 
separated from that of Bonavista by a narrow neck of land, 
the point of which is Cape Bonavista. A long neck of land 
also divides Trinity Bay from Conception Bay on the 
northern side of Avalon. This bay ranks as the first dis- 
trict in Newfoundland, as well on account of the spirit and 
enterprise of the inhabitants who people its shores, as from 
its natural advantages of large harbours, coves, and the like. 

The scenery on this part of the coast is majestic, wild, and 
calculated to strike the beholder with awe. About 20 
miles from Cape St Francis, the eastern boundary of Con- 
ception, are the bay and harbour of St John’s, Ae capital 
of Newfoundland. A succession of bays indent the coast 
all round the peninsula of Avalon, the principal of which 
are — Trepassey Bay, St Mary’s Bay, and Placentia Bay. 

The last, about 60 miles de^ and 45 broad, lies between 
Cape St Mary and Cape Kouge, and contains several 
harbours and islands. It is separate from Fortune Bay by 
one of those long and narrow necks of land which are so 
common in the island. Fortune Bay is from 60 to 70 miles 
deep, and from 20 to 30 broad, receiving many rivers from 
the island lakes, and containing numerous harbours, Ae 
principal of whidh is Fortune Harbour, on the eastern side. 

St Pierre and Miquelon Islets are situated at the mouth of 
Fortune Bay. They were ceded to France in the year 
1814, and the former contains a harbour which is the ren- 
dezvous of the French shipping, and the residence of the 
^vernor. From this point, ^l along the south side of New- 
foundland to Cape Ray, which forms the N.E. entrance of 
the Gulf of St Lawrence, there are numerous bays, but none 
of suflScient size or importance to require particu!^ descrip- 
tion. On the western side, formed by Cape Anguilla aM 
Cape St George, is the Bay of St George, a large and deep 
inlet of the sea, into which several rivers, emerging from 
lakes in the interior, empty themselves. Further to the 
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Newfound- north is the Bay of Islands, formed by three arms, into 
land, -\vhich several rivers discharge their waters- ' One of 
these, called the Humber, is the most considerable yet dis- 
covered, its course having been traced for 114 miles to the 
north-westward, where it issues from a lake between 50 
and 60 miles in length. As its name would indicate, this 
bay contains a number of islands, but none of any parti- 
cular consequence. The next large indentation of the sea 
on the western side of Newfoundland is Bonne Bay, which 
has also rivers communicating with the lakes in the interior. 
The next bay is called Ingornadhoix Bay, which contains 
two harbours ; and to the north of it is St John’s Bay, 
which receives the waters of Castor’s River. Along the 
Straits of Belleisle, which separate Newfoundland from the 
coast of Labrador, are a few inconsiderable inlets ; but 
beyond Cape Norman, the N.W. point of the island, 
is a large bay called Pistolet Bay ; and further to the 
S. is Hare Bay, a deep gulf, the bottom of which intersects 
the island for two-thirds of its breadth at this point, branch- 
ing off into innumerable bays and coves, sheltered by lofty 
hills. From this haven to White Bay, a very large inlet 
of the sea on the eastern side of the island, and thence to 
Cape St John, the coast is indented at short distances by 
commodious and much-frequented harbours. The Bay of 
Notre Dame and the Bay of Exploits are of great extent, 
and contain a vast number of islands, together with a thriv- 
ing settlement called Twilingate. The River Exploits is 
about 70 miles long, but its navigation is obstructed by 
rapids, some of which have a velocity of nearly 10 miles an 
•hour. This river connects the Red Indian Lake, a large 
sheet of water in the interior, with the Atlantic. From 
Cape St John to Cape Freels the coast is a continuation 
of ledges, shallows, islands, and rocks, but affords excellent 
fishing-grounds. Bonavista Bay contains several islands, 
and is itself indented by a number of small inlets and har- 
bours. To the south , of it is Catalina Bay, containing 
Ragged Harbour, which completes the circuit of the island. 

After the exterior aspect of Newfoundland has been, de- 
scribed, the interior comes naturally to be noticed. .But 
this has as yet been very imperfecdy explored. . In 1823 
a Mr Cormack succeeded in traversing its breadth frcma 
Conception Bay on the east to St George’s Bay on the 
west j and from his account it appears; that this portion of 
it' at least is much intersected with lakes and rivers, but 
poorly wooded, and of a rocky and barren soil. In this 
respect the island differs greatly from the other North 
American colonies, producing little timber but what is 
dwarf and stunted, except on the margins of bays and 
rivers, where spruce, birch, and poplar sometimes grow to 
a considerable size. Several high hills occur near the 
centre of the island, and the inland country is represented 
as generally undulating, so that lakes, rocks, marshes., anS 
occasional elevations, with little or no vegetation, consti- 

Geology. tute its characteristic features. The geology of Newfound- 
land is nearly the same as that of the coast of Labrador. 
The prevailing formation is granite ; but porphyry, syenite, 
trap, gneiss, mica, clay-slate, and other strata are also found. 
The island, it appears, abounds with minerals of various sorts. 
Coal and lime have been wrought in more than one part 
with some success ; and there is little doubt as to the ex- 
istence of copper, iron, and other mines, but it is not 
likely that they are very productive. There are excellent 
gypsum quarries near Cape Ray, and there is also a quan- 
tity of the nbineral cjtlled marcasite, or iron pyrites, which 
the early discoverers mistook for real gold. 

Climate. The climate, thotigh feeyere, is healthy; the rate of mor- 
tality is below that of any part of the continent of America; 
and many of the iuhabitaiits attmn to a great age. The 
winter lasts from the beginning of December to the middle 
of April ; and the most intense cold occurs in the months 
of J anuary and February. During this perioc^ owing to the 


clearness of the atmosphere, the brightness of the stars and^^ewfound- 
northern lights have an exceedingly beautiful appearance. 

The snow does not lie long on the ground, and the cold is 
not so great as in Canada. The summer is short, but mild 
and pleasant ; though the heat is sometimes great in that 
season. 

The most remarkable feature connected with Newfound- 
land is the fogs which prevail on its coasts. Those of the 
Gulf of St Lawrence are attributed to the coldness of the 
gulf-waters, which is supposed to be permanent a few" feet 
below the surface, as well as at great depths. The fogs 
on the banks of Newfoundland are undoubtedly’chiefly due 
to the meeting, in that point, of the cold air transported 
along with the polar current with the warm atmosphere 
over the gulf-stream. On the great bank the surface of the 
water is many degrees colder than it is in the neighbouring 
sea, and much less than that of the Gulf-stream, which' is 
within a short distance of it. 

The soil of Newfoundland in the vicinity of the rivers Soil, 
and lakes is generally rich and fertile, but it is covered in 
many places with a thick coating of moss ; and in the 
eastern and southern parts of the island there are many 
tracts which are very sterile, and can only be made pro- 
ductive by Constant manuring. The amount of cultivated 
“land in the island, according to the census taken in 1845, 
was 82,259 acres. 

The most valuable vegetable productions are potatoes prodacts. 
and cabbages ; and, next to- these, turnips, carrots, parsnips, 
radishes, and other garden roots, yield the most abundant 
crops. There were in the island, according to the census 
of 1845, 2409 horses, 8135 horned cattle, 5750 sheep, and 
5791 goats. Carriboo deer, beavers, foxes, wolves, and 
bears abound; as well as the well-known Newfoundland dog, 
the true breed of which has become very scarce. Besides 
the great staple of the island, fish, which is here understood 
to mean cod, the numerous large and small sheets 6f water 
abound in divers kinds of excellent trout and eels of a great 
size ; and lobsters, lance, herrings, mackerel, and salmon, are 
in great abundance ; plaice, sole, halibut, and thornback, are 
likewisefotind on ihe coast. The capeKn arrives JieriodicalJy 
in such immense shoals as to change the colour of the sea. 

Herrings likewise arrive during spring and autumn in 
prodigious numbers. As a product of the coast may be 
mentioned kelp, which, with other sea-weed, is used as 
manure. 

The importance of tins colony has exclusively arisen from 
its fisheries. The different settlements are scattered prin- 
cipally on the shores of the eastern and soutliern sides of 
the island, but especially on the former. They are gene- 
rally formed at the heads of the bays, particularly Concep- 
tion Bay, thence to St John’s, and southward to Cape Race. 

The principal are, besides St John’s, the Bay of Bulls, 

Brigus, Cape Broyle Harbour, Ferry land, Fermore, and 
Renowes. St John’s, the capital of the island, is a place of St John’s, 
considerable strength, situated about 70 miles to the N. of 
Cape Race ; N. Lat. 47. 35., W. Long. 52. 48. The har- 
bour is one of the best in Newfoundland, being formed be- 
tween two mountMns, the eastern points of which leave an 
entrance, called the Narrows. This is the only assailable 
part, but it is so well defended that any vessel attempting 
to force an entrance would inevitably be destroyed. There 
is about 12 fathoms of water in the middle of the channel, 
with tolerably good anchorage-ground. The most lofty 
perpendicular precipices rise to an amazing height upon 
the north side, and the southern shore appears less striking 
in its altitude, only from a comparison with the opposite 
rodb. There is a light shown every night on the left side 
of the entrance; where there are also a small battery and a 
signal-post- Other batteries of greater strength appear 
towering above the rofcky eminences towards the north. At 
about two-thirds of the distance between the entrance and 
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Kewfound- what may properly be termed the harbour itself, there is a 
land, dangerous shelf called the Pancake, opposite the Chain Rock, 
so called from a chain which, in time of war, extends across 
the strait at that place^ to prevent the admission of any 
hostile fleet. There are other fortifications besides those 
already noticed, planted upon the heights around the town, 
so as to render St .John’s perfectly secure against any sud- 
den attack. Fort Townshend is situated immediately over 
the town, and is the usual residence of the governor. Forts 
Amherst and William are more to the north ; and there is 
also a small battery perched on the top of a single pyramidal 
mount, called the Crow’s Nest. The town itself consists 
chiefly of one long straggling street, extending nearly par- 
allel to the shore on the north side of the port, from which 
branch out several narrow lines of houses, that can only be 
called lanes. The houses are chiefly built of wood, although 
diversified by some of brick and a few of stone ; but they 
are somewhat irregularly placed, although the town has 
been much improved in this respect since the fire of 1846. 
The principal feature of the town consists in its multitude 
of wharves and fishing stages, which entirely line the shore. 
The government wharf is a fine broad quay, open to the ac- 
commodation of the public. St John’s has repeatedly and 
severely suffered from fires. In 1815 a great amount of 
property was destroyed by a visitation of this sort. Other 
conflagrations took place in 1817 and 1818 ; and in 1846 the 
town was again almost destroyed by fire. There are nine 
places of public worship of various denominations at St 
John’s, several school-houses, and numerous literary, scien- 
tific, and benevolent institutions. The town has a brewery, 
a distillery, a flour-mill, and a foundry. The number of 
vessels that entered the port in 1851 was 842, and their 
tonnage 103,016. Those that cleared in the same year 
were 703, and their tonnage 91,191. The trade of the 
place consists principally in the export of dried fish, and 
of seal, whale, and cod oil ; and in the import of bread, 
flour, tea, sugar, and other necessaries of life. The resident 
population is about 19,000, and the fishermen amount to 
about 6000. 

The following table shows the quantities of dried cod 
and seal-oil exported from Newfoundland for each year 
from 1851 to 1855, a quintal of fish being 100 lb. : — 


Tears. Dried cod. Seal-oil. 

1851 1,017,162 quintals. 6968 tons. 

1862 972,921 „ 7333 „ 

1853 922,718 „ 8137 „ 

1864 774,117 „ 5667 „ 

1865 1,107,388 „ 3760 „ 


The number of vessels that entered in 1855 was 1185, 
and their tonnage 150,603 ; those that cleared were 1017, 
and their tonnage 137,513. The total value of the im- 
ports in the same year was L.1,152,804 ; and that of the 
exports L.1,142,212. The government of the island is in 
the hands of a lieutenant-governor, with a yearly salary of 
L.3000, assisted by an executive council, not exceeding 
seven in number, appointed by himself. The legislature 
consists of a legislative council, above ten and below fifteen 
in number, appointed by the Crown, and a house of as- 
sembly of thirty members, elected by the people. The 
constitution received its present form in 1854, and at die 
same time the system of responsible government was estab- 
lished. The public revenue in 1855 was L.126,449, and 
the expenditure L. 120,926. The public debt of the colony 
in the same year amounted to a total of L.150,000. The 
judicial establishments of the island comprise a supreme 
court, composed of one chief and two assistant judges; 
and three ciraiit-courts for tlie Northern, Central, and 
Southern divisions of the island. No religious establish- 
ment is supported by the public funds, but the bishop of 
Newfoundland receives a salary of L.300 a-year from the 


British Treasury, the remainder of the provision for the Newfound, 
episcopate being supplied by the Society for the Propaga- land, 
tion of the Gospel. There were in 1855 forty ministers 
of the Protestant Episcopal church in Newfoundland and 
the coast of Labrador, and sixty-six churches. The Ro- 
man Catholics, in the same year, had forty-nine churches ; 
the Wesleyans thirty-seven churches, forty preaching sta- 
tions, and thirteen missionaries ; and the Established 
Church of Scotland, the Free Church, and the Congrega- 
tionalistSjhad each a place of worship at St John’s. A con- 
siderable part of the public money is devoted to the pur- 
poses of education; and this sum amounted in 1855 to 
L.8871. The number of schools aided by these grants 
was 219, and the number of scholars 13,602. The sum 
expended for benevolent purposes in the same year was 
L.17,787; and the principal charitable institutions are an 
hospital and lunatic asylum at St John’s. 

When Newfoundland was first visited it was found to 
contain two distinct races of aborigines ; the one termed 
Red Indians, and the other Esquimaux. Both are now 
almost extinct; the foijper, it is supposed, is entirely so, 
as deadly feuds were waged between tliem and the early 
settlers. Besides, the Mic-mac Indians, who were intro- 
duced into the island from Cape Breton and Nova Scotia, 
carried on with the Red Indians an exterminating war, 
which proved far more fatal to them than the hostilities of 
the Europeans. A female of this tribe was captured in 
1818, and from her a vocabulary of their language was ob- 
tained. 

Without dwelling upon the tradition which represents 
Newfoundland as liaving been settled at a very early period 
by one Biron, a sea-king or pirate of Iceland, we have 
authentic evidence of its re-discovery by John Cabot, on 
the 24th June 1497. Sailing under the commission of 
Henry VII. in these seas, he descried a headland, which, 
as a lucky omen, be called Bonavista, a name which it still 
retains. It was at that time inhabited by native Indians, 
three of whom he brought home, clothed in skins, and 
speakings language which no person understood. It was 
afterwards visited by navigators from France and Portugal, 
who, reporting favourably of the abundance and excellency 
of its cod fishery, European fishermen were soon attractea 
to its coasts. In 1536 an English vessel attempted to win- 
ter upon the island, but the crew nearly perished from star- 
vation. Not deterred by this failure, however, nor by that 
of a former attempt, Sir Humphrey Gilbert, in 1583, landed 
on the island with 200 followers, and, under a patent of 
Queen Elizabeth, took quiet possession of dm country. 

Being, however, desirous of prosecuting his discoveries, his 
crews became disaffected, and, having separated into two 
parties, one of them returned home. Most of tliose who 
followed him were lost in a gale of mnd off the Sable 
Island, and the remainder perished, along with himself, on 
their voyage homewards. Subsequent attempts were made 
to explore and settle Newfoundland, but it was not until 
the year 1623 that the first colony was established under 
Sir George Calvert, afterwards Lord Baltimore. His son 
was made governor of the colony, which he named Avalon, 
and soon afterwards proceeding thither himself, it increased 
and flourished under his auspices. Other individuals ob- 
tained grants of land; and, about the year 1654, fifteen 
settlements, comprehending 300 families, had been made 
on the island, notwithstandi^ the constant bickerings 
between the English and French, tlie latter having 
established a colony at Placentia. On the breaking out 
of the war after the accession of William III., these assumed 
a more serious character, and, after various recrimina- 
tions, St John’s was compelled to surrender to tite Premjh 
in 1696. The captors set fire to the fort and town, and 
destroyed most of the British settlemaits* To repair 
these losses, our government deqiatched a squadron ; but 
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New the cowardice of one commander, and the ignorance of 
Granada another, frustrated the design. The re-establishment of 
II peace put an end to hostilities for the time ; but they were 
H ^^sumed in 1702, during which year several of the French 

^amps^e. destroyed, and a great many fishing-boats 

^gj.g burned or captured. In the following year an expe- 
dition miscarried, and this circumstance encouraged the 
French to attempt the conquest of the whole island in 
1 705. For this purpose 500 men were despatched from 
Canada to the assistance of the garrison of Placentia, who, 
though repulsed from St John’s, extended their ravages 
over the different settlements as far as Bonavista. In the 
year 1708 the French completely demolished the town of 
St John’s ; and, shortly afterwards, Carbonia, the only set- 
tlement of consequence remaining in our hands, was par- 
tially destroyed. From this time until the conclusion of 
the peace of Utrecht, the French remained in quiet pos- 
session of Newfoundland ; but, by this treaty, the island, 
with all the adjacent ones, was declared to belong to Great 
Britain, the French being only allowed the use of the two 
islets of St Pierre and Miquelon. The revolutionary war 
in America occasioned fresh disputes as to the right of 
fishing upon the banks of Newfoundland. The New Eng- 
landers had hitherto enjoyed the right of taking fish, and 
on this being resisted, they retaliated, by refusing to supply 
the colony with many articles of provision upon which it 
depended. This dispute was settled by the treaty of Ver- 
sailles in 1783, by which it was stipulated that the inhabi- 
tants of the United States should have liberty to take fish 
of every kind on the coast of Newfoundland, but not to 
dry or cure their fish upon the island. Pop. (1845) 96,864 ; 
(1850) estimated at more than 100,000. 

NEW GRANADA. See Granada, New. 

NEW HAMPSHIRE, one of the United States of 
North America, is bounded on the N. by Canada, E. and 
S.E. by Maine and the Atlantic Ocean, S. by Massa- 
chusetts, and W. by Vermont. It lies between 42. 41. 
and 45. 25. N. Lat., and between 70. 40. and 72. 35. W. 
Long.; extending in length about 185 miles, whilst its 
average breadth is about 50 miles, and its area is computed 
at 9280 miles. On the map its shape nearly resembles a 
wedge inserted between the states of Maine and Vermont, 
and having Massachusetts for its base. The line of coast 
is indented with small inlets of the sea, and skirted by a 
narrow sandy plain. At no great distance the country 
swells into a mountainous region, and New Hampshire has 
justly been called the “State of Hills,” and also the “Granite 
State.” Mount Washington, the highest peak of the White 
Mountain range, has a height of 6226 feet ; and is thus, 
with the exception of Mount Mitchell, in North Carolina, 
the highest mountain in the Union E. of the Mississippi. 
Between the Merrimack and the Connecticut are situated 
many considerable mountains ; the names of the principal 
heights being Monadnock, 3718 feet high; Kearsarge, 3067 
feet; Car’s Mountain, 1381 feet; and Moosehillock, 4636 
feet. As a whole, the physiognomy of New Hampshire is 
bold and prominent, and, although rugged, often sublime in 
the highest degree. The mountains of the state are in the 
centre, with a zone of finely-diversified hill and dale country 
around, the hills consisting generally of stony and moist 
land, and affording excellent pasturage. The geological 
structure of the mountains of New Hampshire consists 
principally of granite and mica slate ; the former predomi- 
nating among the White Mountains, and the latter among 
the elevations farther to the S. The mineral resources of 
the state are considerable. Iron has been found in great 
abundance in many parts of the country ; and there are 
also mines of copper, tin, lead, and zinc. Granite is 
more abundant here th^ in any of the other states ; and 
fine marble has been found in considerable quantities. 
The general slope of the state is firom N. to S., and in 
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that direction the most of the rivers flow. Of these the New 
principal are— the Connecticut, which forms the boundary Hampshire, 
between this state and that of Vermont; the Merrimack, 
flowing through the middle of the state ; the Piscataqua, in 
the S.E. ; and the Androscoggin, which flows for the greater 
part of its course in the state of Maine. The principal lake 
in New Hampshire is Lake Winnipiseogee, which is of an 
irregular shape, about 25 miles in length, and varying from 
1 to 10 in breadth. Its depth is great, and the scenery is 
very picturesque and beautiful. There are also many 
smaller lakes, of which Umbagog, on the confines of Maine, 
Connecticut Lake, and Squam Lake, are the chief. The 
whole surface of the water in this state is estimated to 
amount to 1 10,000 acres. The climate of New Hampshire 
is severe, but less variable than that of Maine and of the 
other northern states. The winters are long, and the snow 
lies from November till April, and sometimes till May; 
while the mountains are covered with snow for the greater 
part of the year. The spring is generally wet and foggy, 
but great heat is often experienced in the summer, wlien 
the thermometer sometimes stands above 100°. The soil 
is in general not very fertile ; but the labour and industry 
of the people have succeeded in rendering it productive of 
many valuable crops. The richest portions are those along 
the banks of the rivers, especially the Connecticut. The 
uplands afford good pasture ground; and the whole country, 
notwithstanding its few natural advantages, has a rich and 
flourishing appearance. The lower slopes of the mountains 
are tliickly covered with forests of oak, pine, beech, maple, 
walnut, &c.; while on the lower regions elm, ash, birch, 
poplar, and other trees abound. The amount of cultivated 
land in the state in 1850 was 2,251,488 acres; and during 
the year ending June 1, 1850, the produce was 185,658 
bushels wheat; 183,117 rye; 1,573,670 maize; 973,381 
oats ; 70,856 peas and beans ; 65,265 buckwheat ; 70,256 
barley; 4,304,919 potatoes; 1,108,476 lb. wool; 6,977,056 
butter; cheese; 257,174 hops; 7652 flax; 

1,298,863 maple sugar; 117,140 bees’ wax and honey; 

598,854 tons hay; L.51,781 orchard produce; and L.l 1,833 
market-garden produce. The number of horses in the 
same year was 34,233 ; milch cows, 94,277 ; working oxen, 

59,027; other cattle, 114,606; sheep, 384,756 ; and swine, 

63,487 ; while the total value of live stock in the state was 
L.1,848,310. The state of New Hampshire is actively 
engaged in manufactures; for which great conveniences 
are adfforded by the water power which is furnished by the 
different rivers and streams. There were in 1850, 3301 
manufactories in the state, of which 44 were cotton factories, 
employing 2911 male, and 9211 female hands, having a 
capital of L.2,280,000, consuming L.l, 008, 210 of raw 
material, and producing 113,106,247 yards of cotton and 
140,700 lb. of yarn, valued at L.l, 839, 708 ; 61 woollen 
factories, employing 926 male, and 1201 female hands, 
having a capital of L.507,850, consuming L.264,023 of raw 
material, and producing 9,712,840 yards’ of cloth and 
165,200 lb. of yarn, valued at L.443,277 ; 29 iron-foun- 
dries, furnaces, &c., employing 390 hands, having a capital 
of L.49,700, consuming L.39,073 of raw material, and pro- 
ducing 6074 tons of iron, valued at L.80,850; and 163 
tanneries, having a capital of L.92,076, consuming L.l 12,867 
of raw material, and producing leather valued at L.l 87,586. 
Ship-building is carried on to a considerable extent in New 
Hampshire; and the number of vessels built in 1852 was 
14, with an ag^egate tonnage of 9515. The whole of the 
vessels owned in the state in the same year had a tonnage 
of 24,891, of which 2283 tons were engaged in the cod and 
mackerel fishing. The trade of the state is very incon- 
siderable, as there is only one port of entry in the state, 
viz., Portsmouth; while there are few rivers capable of 
affording facilities for inland navigation. The tonnage of 
.the vessels that entered in 1850 was 11,044 ; of those that 
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New cleared 8213. The number of vessels built in the state in 
Hampshire, year ending June 30, 1856 was 10, and their tonnage 
10j39o. The total value of exports for the same year was 
L.109T, and of imports L.5068. ^ 

The government of the state is in the hands of a gover- 
nor, who is appointed annually by the people, and has a 
salary of L.208. He is assisted by an executive council of 
6 members; and there is also a senate of 12, and a house 
of representatives of 286 members, popularly elected. The 
judicial establishment consists of a supreme court, composed 
of a chief justice and four associates, and of a court of com- 
mon pleas, having one chief justice and two associates. 
The supreme court has exclusive jurisdiction in criminal 
cases; and there is a right of appeal to it from the court 
of common pleas in civil cases where the matter in dispute 
exceeds L.20 in value. For legal purposes, the state is 
divided into five districts, in each of which the supreme 
court holds two annual terms. The amount of the public 
income for the year ending June 2, 1857, was L.43,636, 
and the expenditure for the same year was L.40,187. The 
total value of the taxable property in New Hampshire in 
1856 was L.25,239,460 ; and in June 1857 the total num- 
ber of banks in the state was 52, their aggregate capital 
L.1,048,185, and their circulation L.741,302. There were 
also at that time 20 savings-banks, of which the deposits 
were L.802,115, and the total means L, 843, 332. There 
are numerous railways in the state, crossing it in various 
directions, and communicating with the principal towns of 
New England. The total length of all the lines in opera- 
tion in January 1857 was 480 miles. There are also seve- 
ral canals in New Hampshire ; and telegraphs have been 
esfkblished between the principal towns. The number of 
churches in the state in 1850 was 602, being one for every 
528 inhabitants ; and of these the Baptists owned 180 ; the 
Christians 23; the Congregationalists 172; the Episco- 
palians 11; the Quakers 15 ; the Methodists 99 ; the Pres- 
byterians 13; the Union Church 32; the Unitarians 13; 
the Universalists 36, &c. The total value of church pro- 
perty was L.291,995. The interests of education in the 
state are committed to the care of a board of commissioners 
from the several counties. The number of scholars in 1856 
during the winter was 67,103; and in summer 58,203. 
The number of teachers was 1077 male, and 3042 female. 
The amount of money raised by taxation for schools was 
L.44,230; and the whole amount expended for district 
schools during the year 1856 was L.53,908. There were, 
in the same year, 89 academies and private, schools in the 
state; and also a college at Hanover, with 16 professors, 
251 students, and a library of 31,900 volumes; three 
theological schools belonging to Methodists, Congregation- 
alists, and Baptists, having in all 99 students; and one 
medical school, having. 5 professors, and 50 students. The 
principal charitable institution of the state is the lunatic 
asylum at Concord, which was opened in 1843, and has 
at present 170 inmates. It is supported by the public 
funds; and the receipts in 1857 amounted to L.5638, and 
the expenditure to L.5502. There is also a house of re- 
formation for female and juvenile offenders, and a state 
prison at Concord. The earliest settlements in this part of 
the country were made by Mason and Gorges, who obtained 
in 1622, from James L, a grant of fhe land between the 
Merrimack and the Kennebec ; and, in the following year, 
colonies were planted at Portsmouth and Dover. In 1641, 
the colonists placed themselves under the protection of 
Massachusetts, of which colony they continued to form a 
part until 1679, when their country became a royal pro- 
vince. It was, however, afterwards united with Massachu- 
^tts ; M.d was finally, in 1749, made an independent colony. 
New Hampshire suffered very much at one period from 
the inroads of the Inmans ; but having escaped this danger, 
the colony rapidly increased in wealth and population. 
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Although this state took an active part in the war of Kevr 
the American revolution, no important battles were fought Haven 
within its territory, either at that time, or during the war |[ 
of 1812. The capital of the state is Concord. Pop. 

(1850) 317,976. 

NEW HAVEN, a town of the United States of North 
America, state of Connecticut, pleasantly situated on a 
plain at the head of New Haven Bay, an inlet of Long 
Island Sound, 76 miles N.E. of New York, and 160 S. W 
of Boston. The plain on which it stands slopes gradually 
to the sea, and is bounded on the other three sides by hills, 
which on the E. and W. form steep and nigged precipices, 
from 300 to 400 feet high. Three small rivers traverse the 
plain from N. to S. ; the Quinepiack on the E., the Mill 
River which joins the former near its mouth, and the West 
River ; and these rivers are crossed by several bridges. The 
town is regularly laid out, and very handsomely built ; the 
streets are broad, and in general lined with rows of fine 
elms ; and in the centre there is a public park, surrounded 
and intersected by numerous avenues of elms. On account 
of this conspicuous feature, New Haven has been called 
the City of Elms." There are also several other squares ; 
and the public burial-ground is beautifully adorned with 
trees, shrubs, and flowers. The state house is a handsome 
building of brick, covered with stucco, in the Grecian 
style, and contains halls for the legislature and courts of 
law. There are about 22 churches, many of which are re- 
markable for neatness and elegance- Of these 8 are Con- 
gregational, 4 Episcopal, 4 Methodist, 2 Baptist^ 2 Roman 
Camolic, 1 UniversaHst, and 1 Jewish syna^gue. There 
is also a handsome state hospital, built of stone, and placed 
on a rising ground. Yale Coll^, which is next to Har- 
vard, the principal university in the United States, was 
founded in 1700, and transferred to New Haven in 1717* 

It has extensive buildings, pajftly of brick and partly of 
atone ; and that which contains the library is a handsome 
Gothic structure. It has 24 professors, 365 students, and 
a library of 63,500 volumes. There are at present five 
departments in this college — those of arts, divinity, medicine, 
law, and science. Yale College has a valuable museum of 
mineralogy and geology, which is the finest of the sort in 
the United States, and surpassed by few in the world. 

New Haven has also numerous schools which enjoy a high 
reputation, and several literary and scientific societies. It 
is connected by railway with the principal places in tlie 
surrounding country ; and steamers ply daily between tiiis 
and New York. The railway station for all the lines that 
lead to the town is a handsome building of brick with 
towers. The harbour is large and safe, but the slmllowness 
of the water prevents tlie entrance of large vessels; and, 
though a long quay has been built into the centre, tlie 
continual accumulation of sand at the bottom has n^tralized 
all the benefit that might have been derived from this erec- 
tion. The trade of the port is chiefly with the West In- 
dies, and mules form one of the principal articles of export. 

The number of vessels that entered from foreign parts in 
the year ending June 30, 1852, was 110, and the tonnage 
21,356; those that cleared were 108, and the tonnage 
20,580. The manufactures of the town are considembla ; 
and the principal articles produced are carriages, clocks, 
India-rubber goods, boots, shoes, and hardware. Pop. 

(1 850) 22,529 ; (1853) about 23,000. 

NEWHAVEN, a village of Scotland, county of Mid- 
Lothian, on the shore of the Firth of Forth, 2 miles N. 
of Edinburgh* It consists for the most part of poor 
houses, inh^ited by a fishing population ; but there »ve 
been recently erected many handsome houses mA irila% 
which arc chiefly used as searide residences. There are 
here an Established and a Free church ; and a stone pier, 
which is convenient for small flshing-boats. Pop. 2103. 

^ Newhaven, a* town and (xuriah of Bnglaiic^ county ot 
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New Ire- Sussex, near the mouth of the Ouse, 8 miles E.S.E. of 



Brighton. It has a parish church, a dissenting church, and 
a national school. The harbour has recently been much 


improved, and it is now considered the best between the 
Downs and the Isle of Wight. Steam-packets sail regularly 
from this to Dieppe, performing the passage in four or five 
hours. Pop. (1851) 126Q. 

NEW IRELAND, an island in the South Pacific Ocean, 


between S. Lat. 2 . 40. and 4. 52. ; E. Long. 150. 30. and 
152. 50. It is separated from New Britain on the S.W. by 
St George’s Channel, and from New Hanover on the N.W. 
by- Byron’s Straits. It is about 200 miles long by 12 in 
average breadth ; and the coasts are indented by several 
small harbours. The surface is hilly, the elevations attain- 
ing a height of 1500 or 2000 feet ; but they are all covered 
with forests of bread-fruit, cocoa, and other trees. The 


lower parts are well cultivated, and produce the sugar-cane, 
the banana, yams, &c. Dogs, pigs, and turtles, are the chief 
animals. The inhabitants, like those of the neighbouring 


island of New Britain, belong to the race of Australian 


negroes. For a description of them see Australasia. 
-Fancy woods and tortoise-shell seem to be the only articles 
of commercial value to be obtained in this island. 


NEW JERSEY, one of the United States of North 
America, lying between N. Lat. 38. 55. and 41. 21., and 
W. Long. 73. 58. and 75. 29. ; and bounded on the N. by 
New York ; E. by the Hudson River and Staten Sound, 
which separate it from New York, and by the Atlantic ; 
S.E. by the Atlantic ; S.W. by Delaware Bay ; and W. by 
the River Delaware, which separates it from the states of 
Delaware and Pennsylvania. Its length from N. to S. is 
about 168 miles ; its breadth varies from 37 to 70 miles 5 and 
its area is 8320 square miles. The northern part of the 
state is hilly, being crossed from S.W. to N.E. by several 
branches of the Alleghany jidge. Of these the principal 
are, — the Blue Mountains in the extreme N.W., Schooley’s 
Mountain, the Trowbridge range, and First Mountain, further 
to the S.E. These hills, though not remarkable for their 
height^ present in general a bold and picturesque appear- 
ance> and inclose beautiful and fertile valleys, containing 
some of the best land in the state. The west bank of 


the Passaic, which follows a circuitous course from the NewJer- 
west, fall into Newark Bay ; the former being navigable for 
small vessels to the distance of 15 miles, and the latter to that 
of 10 miles from the sea. The Passaic is remarkable for its 
falls near the village of Paterson, which are situated in the 
midst of wild and beautiful scenery; but the volume of 
water has been much diminished by being carried off for 
mills, and it is only in times of flood that the full magni- 
ficence of the cataract can be seen. The Raritan, from the 
west of the state, falls into the bay of the same name, and 
is navigable for 17 miles ; the Great and Little Egg Har- 
bour rivers fall into the Atlantic, and the Maurice falls into 
Delaware Bay, each being navigable for about 20 miles ; 
and there are also numerous rivers, but none navigable, 
which discharge themselves into the Delaware. The hills 
in the north of the state consist for the most part of sand- 
stone towards the west, and of gneiss towards the east; 
while in the valleys of this region are found strata of slate, 
sandstone, and limestone. The central and southern re- 
gions belong to the chalk formation, and contain beds ^ of 
marl, which are of great value for manure. B esides these, the 
mineral riches of New Jersey consist of iron, which occurs 
in great abundance in various forms ; copper, containing 
in some places silver ore ; zinc, of which the mines in this 
state are among the richest in the Union; slate, marble, 
limestone, and granite. The soil of the country varies con- 
siderably in different parts ; the central and southern re- 
gions, though not naturally rich in soil, may be easily made 
to produce excellent crops of wheat, maize, and potatoes ; 
while the northern portions, though not very fertile, are 
well adapted both for agriculture and pasturage. The cold- 
ness of the climate is moderated in the south by the neigh- 
bourhood of the ocean ; while in the north it resembles that 
of the south of the state of New York aijid the north of 
Pennsylvania. The mean temperature at Lambertville of 
the warmest month (July) for the year ending 30th June 
1852 was 82®*43; that of the coldest month (January), 

30°*74. The greatest heat in the same year was 97®, the 
greatest cold 16®'5, and the mean temperature of the year 
57°’82. The central and southern parts of the state con- 
tain extensive forests of pine, much of which is used for 


the Hudson is skirted for the length of 20 miles by a ridge 
of rocks called the Palisades or Cloister Hill, which in some 
places rises steeply above the river to the height of 200 
feet. The middle part of the state is the most agricultural 
portion, and has a rich and beautiful appearance. That part 
of New Jersey which lies S. of Trenton and Raritan Bay 
consists of a flat sandy plain, never rising above 60 feet 
from the sea level, except to the S.E. of Raritan Bay, where 
the Nevisink Hills rise to the height of 300 or 400 feet, 
and present a conspicuous object to the navigator as he 
leaves the harbour of New York. From the low sandy 
promontory called Sandy Hook, opposite to the entrance 
of New York Harbour, to Cape May, which forms the 
eastern boundary of Delaware Bay, the whole coast con- 
sists of a low sandy shore, having in some places, inlets and 
long, narrow, and shallow lagoons. The heavy surf of the 
Atlantic is constantly beating against this beach, and the 
form of the coast-line is being constantly changed. The 
principal inlets on this coast are Barnegat Bay, Little Egg 
Harbour, Gi eat Bay, and Great Egg Harbour,. Further 
inland there is a tract of salt marsh, which gradually gives 
place to the sandy plain of the interior. The shores of 
Delaware Bay are skirted by a similar salt marsh ; but along 
the left bank of the River Delaware the land is more ele- 
vated, and a branch of tlie mountains of Pennsylvania 
crosses the river at Trenton, and forms, by a ledge of rock 
over which the waters roll, the Falls of Trenton. 

The rivers of New Jersey, with the exception of the 
Hudson and Delaware, which merely bound tlie state, are 
not of great size. The Hackensack from -the north, and 


charcoal, and sold at Philadelphia. There are also cedar 
swamps in the south of New Jersey ; and the principal other 
trees that occur here are oak, hickory, sycamore, dogwood, 
&c. The quantity of cultivated land in the state in 1 850 
was 1,767,991 acres ; and the produce in that year com- 
prised 1,601,190 bushels of wheat, 1,255,578 of rye, 
8,759,704 of maize, 3,378,063 of oats, 14,174 of peas and 
beans, 3,715,261 of potatoes, 874,934 of buckwheat, 91,331 
of grass seeds, 375,396 lb. of wool, 9,487,210 of butter, 
565,756 of cheese, 182,965 of flax, 156,694 of bees’ 
wax, 453,950 tons of hay, L.126,511 worth of orchard 
produce, and L.99,006 worth of market produce. The 
number of horses in New Jersey in the same year was 
63,955 ; of milch cows, 118,736 ; of working oxen, 12,070; 
of other cattle, 80,455 ; of asses and mules, 4089 ; of sheep, 
160,488 ; of swine, 250,370 ; and the total value of the, live 
stock was L.2,224,848. The state of New Jersey is, con- 
sidering its population, extensively engaged in manufactur- 
ing industry. In 1850 there were 4374 manufactories, each 
annually producing goods to the value of L.lOO and up- 
wards. Of these, 21 were cotton factories, employing 616 
male and 1096 female liands, having a capital of L.309,060, 
consuming L.l 38,880 worth of raw material, and producing 
8,122,580 yards of cloth, and 2,000,000 lb. of yarn, valued 
at L.301,148; 41 woollen factories, employing 411 male, 
and 487 female hands, having a capital of L.l 02,970, con- 
suming L.l 14,296 worth of raw material, and producing 
771,100 yards of cloth, and 350,000 lb. of yarn, valued at 
L,242,590; 108 furnaces, forges, &c., employing 1996 
hands, having a capital of L.536,891, consuming L.198,894 
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Kew worth of raw material, and producing 42,i52 tons of cast 
Jersey, and wrought iron, valued at L.390,881 ; 133 tanneries, with 
a capital of L. 11 9,342, consuming L.88,237 worth of raw 
material, and producing leather valued at L.l 50,928 ; be- 
sides numerous breweries and distilleries, producing 34,750 
barrels of ale, and 1,250,530 gallons of whisky and wine. 
The state of New Jersey, as it lies directly between the 
two largest cities of the*^ United States, New York, and 
Philadelphia, is traversed by several lines of railway, which 
have in general for their object the connection of New York 
with Pennsylvania. In January 1857 the length of the 
railways in the state was 492 miles. There are also several 
canals, the total length of which amounts to 145 miles. 
The foreign trade of New Jersey is not very great ; for, 
though it is bordered on one side by the sea, and on two 
sides by navigable rivers, and though there are several sea- 
orts witliin its limits, the neighbouring great cities and 
arbours of New York and Philadelphia carry off most of 
the direct commerce to these places. The exports for the 
year ending June 30, 1856, amounted to L.80, and the im- 
ports for the same year were L.576. There is, however, 
an important internal and transit trade carried on through 
this state. The number of ships built in the state in the 
same year was 75, and their tonnage 9543, There were, in 
January 1857, 46 banks, with an aggregate capital of 
L.l,37l,406, and a circulation of L.991,533. 

Govern- The executive power in the state is in the hands of a 
ment. governor, who is 'elected by the people for three years, and 

has a salary of L.374 and fees. The legislature consists of 
a senate, elected for three years, composed of one member 
from each county ; and a house of representatives, composed 
of sixty members, annually elected. The judiciary consists 
of a supreme court, composed of a chief and six associate, 
justices, who are appointed for a period of seven years by 
tlie governor, with the consent of the senate. There are also 
a court of errors and appeals, consisting of a chancellor, 
the judges of the supreme court; and six others, appointed 
in the same way for six years ; a court oF chancery, over 
which the chancellor presides ; circuit-courts, and courts 
of oyer and terminer, held thrice a year in each county by 
the judges of the supreme court; and courts of common 
pleas. New Jersey sends five members to the House of 
Representatives of the United States. The public revenue 
for 1856 was L.37,804, and the expenditure for the same 
year L,37,506. 

KeligioTi, The number of churches in the state in 1850 was 807, 
edacation, Qf which 107 belonged to Baptists, 66 to the Dutch Re- 
formed Church, 51 to the Episcopalians, 52 to the Quakers, 
312 to the Methodists, 146 to the Presbyterians, and 21 to 
the Roman Catholics. The proportion of churches to the 
whole population is 1 to every 606 inhabitants. The whole 
value of church property in the same year was L.737,588. 
The educational establishments of the state consist of 3 
colleges, having in all 72 professors, 460 students, and 
33,000 volumes in their libraries ; theological seminaries of 
the Presbyterian and Dutch Reformed Churches ; besides 
numerous lower schools, at which, in 1856, 125,035 out of 
176,350 children between 3 and 18 were educated. The 
whole number of teachers in the same year was 1942 ; and 
the total amount of funds raised for purposes of education 
was L.107,132. The principal benevolent institution of 
New Jersey is the state lunatic asylum, at Trenton, con- 
taining 233 patients in 1856. There is also, at the same 
place, a state prison. 

History. The earliest settlements in this country were made by 
the Dutch, not long after their arrival in New York, be- 
tween 1614 and 1624. These were planted in the east of 
the district, between the Hudson and Delaware ; the whole 
of which was claimed by the Dutch, although the Swedes 
had made some settlement in the western part of the same 
country. These claims were, however, disregarded by the 
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British; for, in 1664, Charles IL granted to the Duke of Newmarket 
York the whole of this country, and in the same year the |j 
duke sold it to Lord Berkeley and Sir George Carteret, in 
honour of the latter of whom, a native of Jersey, it re- 
ceived the name which it still bears. The Dutch again got 
possession of it in 1673, but resigned it on the conclusion 
of peace in the following year. New Jersey escaped the 
inroads of the savage tribes which desolated and afflicted 
most of the older colonies ; but, in the war of the Revolu- 
tion, it was the scene of several victories gained by the 
Americans, in most of which Washington was present. 

Among these were the battle of Princeton in 1 776, and 
that of Monmouth in 1 778. The state is divided into 20 
counties; and had in 1850 a population of 489,555. 

NEWMARKET, a market-town of England, partly in 
the county of Cambridge, and partly in that of Suffolk, is 
pleasantly situated at t& foot, and on tlie gently sloping 
side of a valley, 13 miles E. by N. of Cambridge, and 61 
N. by E. of London. There is one principal street, about 
three quarters of a mile long, only partially paved, but 
lined with good houses, most of them modern, and many 
very handsome. It has a market-house, two parish churches, 
one of which is a fine building, Independent and Methodist 
churches, a national and otl)er schools, and a savings-bank. 

Malt and beer are the chief manufactures. The principal 
importance of Newmarket, however, is derived from horse- 
racing, for which it is the most famous place in the cotmtry. 

The race-course is about 3 miles to the west of the town, 
and is between 4 and 5 miles in length. There is also a 
training ground on the slope of a hill to the south of New- 
market, and the town contmns no less than fifteen training 
establishments for horses. Races seem to have been esta- 
blished here as early as the end of the sixteenth century ; 
and soon afterwards, in the reign of James L, they became 
a fashionable amusement. A .house was erected at New- 
market for the accommodation of that monarch, which was 
destroyed during the civil war, and restored in the time of 
Charles II. Part of it still remains, but the rest has been 
pulled down. Seven races arc held during the year, which 
attract a large number of visitors. Pop. (1851) 3356. 

NEW ORKNEY, a group of islands in the South 
Atlantic Ocean, lying between 60- and 61. S. Lat^ about 
675 miles S.E. of Cape Horn. The principal island is 
called Mainland or Pomona, and another, called Saddle 
Island, has a lofty mountain, known by the name of Noble's 
Peak, which is visible firom a distance of nearly 70 miles. 

The islands are all covered with high and m^ed hills ; and 
there are found here large numbers of seids, and immense 
flocks of sea-fbwL This group forms a part of New South 
Shetland. 

NEW 0 RLE ANS, the commercial metropolis of Louis- 
iana, and of the south-western states of the American 
Union, is situated on the left bank of tlie Mississippi River, 
at a distance, by the findings of the river, of about 100 
miles from its mouth ; Lat 29. 58. N., Long. 90. 7. W. 

The position being one of commanding commercial im- 
portance, when viewed in connection with the immense 
area of navigable waters (the shore lines of which, including 
both banks, being estimated to be 35,000 miles in length) 
which find their outlet in this direction, the city has pro- 
gressed in despite of many natural disadvantages* The 
country in its immediate vicinity has been reclaimed by the 
industry of man, and there is little or no land on the banks 
of the river within the state of Louisiana, with an incon- 
siderable exception at Baton Rouge, which would not be 
covered by the waters of the Mississippi during a consider- 
able portion of the year, were it not for the artifidal em- 
bankment which, at vast labour and expose, Iw been 
erected. This embankment or levee is 15 feet above low- 
water mark at New Orleans, or 6 feet above the level of 
the city, towards which it slopes almost imperceptibly, form- 
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ing a jcrescent-shaped quay, several miles in length, which . 
has scarcely a parallel in any part of the world for the advan- 
tages it affords for the landing and shipment of produce. 
Along this line for 6 or 7 miles, during the season of active 
business, may be seen dense forests of masts of vessels of 
every nation moored three or four deep. 

The city was originally laid out regularly in the form of 
a parallelogram, with a iront of about half a mile on the 
river ; but in its subsequent progress the same regularity 
has not been observed. In the modern portions, however, 
including the chief business parts, and what, until very 
lately, was known as Lafayette, the streets are generally wide, 
and the buildings large and commodious, displaying much 
taste and elegance. Within a few years numerous blocks 
of buildings for stores, four to six storeys in height, have 
been erected ; and private residences, in the upper portions 
of the city and in the suburbs, are every day advancing in 
number and style. Airy verandahs, large and beautiful 
gardens, groves of ornamental trees, among which the 
orange and the lemon scatter their fragrance and exhibit 
their mellowed fruit, and the magnolia spreads its luxuriant 
shades, adorn and beautify the town. There are many 
spacious public squares, laid out with taste, and shaded with 
beautiful trees. In one of these, originally known as the 
Place D’Armes, but now changed to Jackson Square, shrub- 
bery and flowers abound; vases, statuettes, and busts crown 
the walks ; and, in the centre, a bronze equestrian statue of 
the hero of New Orleans, the work of an American artist, 
rises to great height. Among the public buildings, the 
New Custom-House is most notable. It has been in course 
of construction about ten years, and will not be completed 
for two or three years more- It will cover an area greater 
than that of any public building in America, except perhaps 
the Federal Capitol, and will cost several millions of dollars. 
Among the finest Isuildings in the city are the Municipal 
Hall, Odd Fellows’ Hall, Merchant Exchange, United 
States’ Branch Mint, Charity Hospital, Mechanics’ Institute, 
New School of Medicine, University Buildings, New Ma- 
rine Hospital, and Widows’ Horae; the St Charles and St 
Louis Hotels, City Hotel, banks, and Arcade ; and among 
the churches, the Cathedral, St Patrick’s, the Presbyterian 
church in Lafayette Square, the Episcopal in Canal Street, 
and the Independent in Camp Street. The numerous 
cotton-presses and markets are also on the largest scale, 
possessing no inconsiderable interest. The St Charles’ 
Hotel is one of the most imposing structures in America, 
and has been lately rebuilt upon the site of a similar building 
destroyed by fire. It is capable of accommodating 800 to 
1000 guests, and is said to have been built at an expense 
of about L. 100,000. The public cemeteries are embel- 
lished and adorned in a style peculiar to the city. 

The educational statistics of New Orleans show a larger 
proportion of children at the public schools than either 
Cincinnati, Baltimore, or New York. The system has been 
some years in operation, and is highly honourable to the city. 
Upwards of L.40,000 are annually expended upon the 
jmblic schools, and about 10,000 children are taught. The 
private schools are not so numerous as in other cities, and 
the means of acquiring an academical education are much 
circumscribed. A , university has been located at New 
Orleans, with law, medical, and collegiate departments. 
The medical college has been in existence since 1835, and 
has matriculated over 2000 students, the number being, in > 
1856, 200. The law school was organized in 1847, and has 
an average of forty tp fifty students. In the collegiate de- 
partment little has yet been accomplished, there being no 
sufficient organization or endowment. A chair of com- 
merce, founded by a merchant of New Orleans (Maunsel 
White), is a somewhat novel feature introduced into this 
university. The subject of this university is again before 
the legislature of the state, and it is thought that efficient 
* ' - TOL. xvi, ..... 


improvement will be the result. A new medical school, 
established during the last year, affords much promise of Orleans, 
excellence, and numbers many students. The medical 
student has free and constant access to all the hospitals. 

Of these the Charity Hospital is the chief, and is the 
largest institution of the kind in America, and perhaps the 
most efficiently regulated. It is an immense building, ad- 
mirably arranged and ventilated, with handsome grounds, 
and acommodation for 1000 patients at one time. Among 
the other hospitals are the Naval, on the opposite bank of 
the river, Stone’s, the Franklin Infirmary, and a new mili- 
tary hospital in course of construction. 

There are at New Orleans an academy of sciences, which 
meets regularly for discussion and reports ; a lyceum con- 
nected with the public schools, where lectures and addresses 
from distinguished men are frequently delivered ; and, con- 
nected with these schools, a library of 10,000 volumes, well 
selected, in all departments of literature and science. A , 
free public library attached to the Mechanics’ Institute 
was lately destroyed by fire. Newspapers are published in 
the French, Spanish, and German languages, as well as in 
English. Two monthly medical journals, of established re- 
putation, are published ; and De Bow’s Monthly Review^ a 
periodical devoted to the exposition of the industry of the 
southern and western states. 

By the census of 1850 (but there have been many 
changes for the better since that time), it appeared there 
were 13 Roman Catholic, 1 Episcopal, 2 German Reformed, 

1 Jewish, 5 Methodist, 4 Presbyterian, 1 Universalist, 

1 Christian, and 2 other churches, with accommodation for 
27,350 persons, or 23 per cent, of the population (Boston 
being capable of accommodating 56 per cent., and Charles- 
ton 67 per cent.). Total value of church property L.323,703, 
which is now swelled to about 1.1.400,000. 

In proportion to population and wealth, there is no city Manafac- 
in America which produces so few manufactures as New tores. 
Orleans. With the exception of a few foundries and ma- 
chine shops, no efforts in establishing factories on a large 
scale have been successful. This is owing to the cost of 
labour, the climate, and (as much as to either) a deficiency 
of capital. In 1850 the capital invested in manufactures 
was reported at L.61 8, 67d; hands employed, 3134;product, 

L.93 1,422. Nine schooners and ten steamers were built in 
Louisiana in 1856, of which nearly all were at New Orleans. ' 

It is the commerce of New Orleans which gives to the Commerce, 
city its distinctive character, and extends its reputation 
throughout the world. This commerce has been gradually 
extending from the humblest beginnings ; and so admirable 
is its position in this respect that, vast as is the present 
trade, it must continue to grow with the development and 
settlement of the gteat interior basin of which it is the 
mart. Railroads and canals may divert, as they are now 
diverting, large portions of her trade to the markets of the 
eastern states ; but there will be left sufficient at all times ' 
to follow the natural channels, and add to the commercial 
opulence of New Orleans. Already is the city active in 
giving aid to such internal improvement schemes as will 
counteract the strokes of her enterprising rivals ; and, in a 
few years she has appropriated many millions of dollai'S for 
this purpose. 

At the time of the transfer of New Orleans to the 
Americans in 1 803, its commerce was very inconsiderable. 

In 1817, 137,746 tons entered or cleared from New Or- 
lejans; and there also arrived in the year 1500 fiat-bot- 
t6med boats and500 barges. The exportswere L.2,812,713j 
while in 1856 they amounted to L.30,053,346. The im- 
ports through the custom-house, for the fiscal year ending 
30th June 1856, amounted in value to L,3,579,856. In 
the year ending 31st June 1856, the foreign exports of 
New Orleans reached L.l 6,786,798 ; being larger than those 
of any American pprt except New York, ana being about ‘ 



178 NEW 

Ifewporfc, one-fourth of the whole exports of the Union. Excluding 
v-«^ coin and bullion, New Orleans exports more largely of 
domestic goods than New York, The amount of cotton 
received at New Orleans, in the year 1855—6, amounted to 
1,759,293 bales, or one-half of the whole crops of the 
United States, and was valued at L.14,660,772. In 1856 
the total tonnage which entered and cleared at New Or- 
leans was 1,436,299. The total arrivals, — ships, 874; 
barks, 375; brigs, 261; schooners, 399; steamers, 234; 
total, 2143: besides steam-boats, 2956. In 1854 there 
were 5 banks in New Orleans, with a capital of L.3,306,348; 
3 free banks, with a capital of L.560,157 ; and 2 other 
banks in liquidation. In 1856 the banking capital of New 
Orleans had not increased, and is believed to be inadequate 
to the wants of its commerce. Under the general banking 
law lately adopted it is believed there will be an amelioration. 
History New Orleans was founded in 1717 by Bienville, the 
and popu- governor of the province of Louisiana under the French, 
lation. colony was transferred to Spain. Its popula- 

tion in 1785 reached 4780. Napoleon I. obtained it from 
Spain, and .sold it to America in 1803, after it had been 
for many years the centre of intrigues and negotiations. On 
January 8,1815, was fought the battle of New Orleans, a few 
miles below the' city, between General Jackson, at the head 
of the American forces, and the British under General 
Pakenham, ending in the defeat of the latter with a loss in 
killed and wounded of nearly 3000 men. ' The American 
loss was but 13. The laws, manners, and institutions, of the 
French andSpaiiish inhabitants of New Orleans are blended 
happily with those of the American, and all distinctions and 
prejudices are being gradually obliterated. The population 
in 1788 reached 5331 ; in 1797, 8056; in 1810, 17,240; 
in 1820,27,176; in 1830, 46,310;. in 1840, 102,193; in 
,1850, 116,375 ; in* 1856, about 125,000. Of the total po- 
pulation of 1850, 59,312 were white males, and 44,431 
white females; 4104 free coloured males, and 6196 free 
coloured females; and 8012 male, and 11,595 female slaves. 
Of the same population (excluding slaves) 50,470 were 
born in foreign countries, and only 48,601 were born in the 
United States. (j. d. b. d® b.) 

NEWPORT, a municipal and parliamentary borough 
and market-town of England, county of Hants, in the Isle 
of Wight, on the left bank of the Medina, 18 miles S.S.E. 
of Southampton, and 82 S.S.W. of London. It is a neat 
well kept town, with good houses, chiefly built of brick, and 
has five principal streets, extending from E. to W., and 
several others crossing them at right angles. The parish 
church is a large and plain building, built in 1172, but fre- 
quently since then repaired and altered, though now in a 
somewhat dilapidated condition. In it was found in 1793 
the coflBn of the Princess Elizabeth, daughter of Charles L, 
who died at Carisbrook Castle, shortly aftei: her father's execu- 
tion. Newport has besides a modern Episcopal church, with 
an embattled tower; and Baptist, Independent, Wesleyan, 
Unitarian, Roman Catholic, and other churches. There 
are a handsome town-hall and market-house; a theatre; 
jail; grammar-school, founded in 1619, and remarkable as 
the scene of a conference between Charles I. and the Par- 
liamentary Commissioners ; several other schools ; a public 
library, occupying one of the best buildings of the town; 
almshouses ; and an infirmary. The industry of the town 
is chiefly employed in the making of lace, in which about 
300 hands are engaged, and in the manufacture of imple- 
ments of agriculture. For the latter of these Newport is 
widely famed. The market of Newport, which is held on 
Saturday, ^tracts a large number of persons from all parts 
of the Isle of Wight ; and the corn and other produce of the 
island are exported from this town ; while coal, provisions, 
and manufactured goods are imported. The River Medina, 
here crossed by a bridge, is navigable for small vessels as 
far as the town, which the tide nearly reaches. There 
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is a quay in front of the town for the accommodation of Newport^ 
ships. In the neighbourhood of Newport there are some 
beautiful walks ; and a fine view of the surrounding country 
may be obtained from a hill, called Mountjoy, to the S. of the 
town. The borough returns two members to the House of 
Commons. Pop. parliamentary borough (1851), 8047* 

Newport, a municipal and parliamentary borough and 
market-town of England, in the county of Monmouth, is 
situated on the right bank of the River Usk, which is here 
crossed by a fine stone bridge about 5 miles above its mouth, 
and 20 miles S.W. of Monmouth. The older parts are 
irregularly built, but other parts of it are of modern con- 
struction and of elegant appearance, and there arc a number 
of handsome buildings. The parish church of St WooIIos 
is an edifice in the Norman style, of which the nave and 
western archway are still well preserved in their original 
form ; while the aisles are not older than the middle of the 
fifteenth century. Newport has two other Episcopal, besides 
Wesleyan and Calvinistic Methodist, Independent, Roman 
Catholic, and Baptist churches ; several schools ; an athe- 
naeum ; a mechanics’ institute ; a working-man’s institute ; 
a dispensary; and a savings-bank. The town-hall and 
the post-office are handsome buildings, which have been 
recently erected. Ship-building is carried on to a great 
extent here ; and there are also several iron foundries, a 
large nail-work, manufactories of anchors, chain- cables, &c. 

Newport has a spacious dock, which is able at all times to 
admit vessels of any size. The number of vessels regis- 
tered as belonging to the port in 1856 was 92, and their 
tonnage 16,280. During the year 1856 there entered the 
port : — In the coasting trade, 1544 sailing vessels, tonnage 
86,246 ; and 468 steamers, tonnage 34,298 ; in the colonial 
trade, 70 sailing vessels, tonnage 17,040; and 1 steamer, 
tonnage 602: in the foreign trade, 461 sailing vessels, 
tonnage 96,334; and 2 steamers, tonnage 1200 — in all, 

2075 sailing vessels, tonnage 199,620 ; and 47 1 steamers, 
tonnage 36,000. In the same year there cleared In the 
coasting trade, 6777 sailing vessels, tonnage 414,002; and 
269 steamers, tonnage 17,259: in the colonial trade, 1 51 
sailing vessels, tonnage 39,019: in the foreign trade, 898 
sailing vessels, tonnage 183,440; and 5 steamers, tonnage 
2828 — in all, 7826 sailing vessels, tonnage 636,461 ; and 
274 steamers, tonnage 20,087. Thus the total number of 
vessels entered in that year was 2546, tonnage 135,620; 
of those that cleared the number was 8100, and the timnage 
656,548. The town is connected with Gloucester, Cardiff! 
and Pontypool by railway, and with the last of these places 
also by the Monmouthshire Canal, which facilitates the 
intercourse with the neighbouring country. The trade of 
Newport is very extensive ; the chief exports being coal, 
iron, and tin ; while timber, provisions, and other articles 
are imported from America. The principal market-day is 
Saturday, and there are several annual fairs. Of the Castle 
of Newport, which is supposed to have been built by the 
Earl of Gloucester, a son of Henry I., only a square tower 
and a part of the great hall now remain, and are at present 
employed as a brewery. Newport was attacked in 1 839 by 
a body of Chartists under John Frost ; but the ringleaders 
were afterwards convicted of treason, though the punish- 
ment was commuted to transportation. The borough unites 
with Monmouth in sending a member to Parliament. Pop. 
parliamentary borough (1851), 19,842. 

Newport, a municipal borough and market-town of 
England, county of Salop, on the borders of Staffordshire, 

16 miles E.N.E. of Shrewsbury, and 142 N.W. of London. 

It is a small town, and has a parish church, part of which 
is of the fifteenth century, and which would be very beau- 
tifid in the interior were it not for tlie brick side aisles 
which have been added in more recent times. Thei^ are 
also Roman Catholic and Independent churc^^ two free 
school^ two sets of almshouse^ and a savings^ba^ The 
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Kewport only manufacture carried on here is that of stockings. Pop. 

II (1851) 2906. 

Newport- NEWPORT, or Nevjport-Tip^ a market-town of Ireland 
in the county of Tipperary, 11 miles N.N.E. of Limerick; 
has a parish church, a Roman Catholic church, a national 
school, and infantry barracks. Pop. (1851) 1114. 

Newport, a seaport of the United States of North 
America, in. the state of Rhode Island, is beautifully situ- 
ated on the slope of a hill on the W. side of tlie island, 28 
miles S. by E. of Providence. It is well built; and has 
recently been considerably improved in this respect. The 
principal buildings are — the state house, a brick edifice, hav- 
ing an octagonal cupola, and containing accommodation for 
the state legislature and courts of law; a library and athe- 
naeum ; a custom-house ; a market-house ; a masonic hall ; 
an armoury; 15 churches of various denominations; and 
numerous fine hotels. Previously to the American Revo- 
lution, Newport was of great importance as a commercial 
city, and rivalled in that respect those of New York and 
Boston ; but it suffered greatly during the war that followed 
that event ; and, at its close, the population was reduced 
from 10,000 to 5500. The vessels belonging to the port in 
1852 had an aggregate tonnage of 11,000 enrolled and 
licensed; of which 1851 tons were employed in the whale 
fishery, 3785 in the coasting trade, 560 in cod and mackerel 
fishing, and 255 in steam navigation. The vessels that 
entered in that year were 28, and their tonnage 4863 ; 
those that cleared were 20, and their tonnage 4337. The 
town has 7 banks, with an aggregate capital of L. 130,000, 
and a savings-institution, whose deposits amount to L.60,791. 
There are also several woollen and cotton factories, and 5 
newspaper offices, in the town. The assessed value of tax- 
able property is about L. 1,000, 000. Newport, on account 
of its beautiful situation and mild climate, is a. favourite 
summer resort, especially for visitors from the south. There 
is here a curious ancient .structure of unknown origin, and 
equally mykerious in the purpose for which it was designed. 
It is a round building, 28 feet high, and 23 J in diameter ; 
and, in its lower part, it has 8. pillars about 10 feet in 
height. The walls are about 18 inches thick, and are pierced 
by 3 small loopholes. There is also a fireplace and chimney ; 
but the roof and floors have disappeared. Some have sup- 
posed this to be a religious edifice, built by the Northmen ; 
and others that the original settlers used it as a place of 
defence against the Indians : but these are mere conjec- 
tures, and no certain knowledge can be obtained about its 
origin or use. Pop. (1850) 9563 ; (1853) about 10,000. 

Newport, a seaport of Wales, in the county of Pem- 
broke, on the slope of a hill near the mouth of the Nevern, 
7 miles E.N.E. of Fishguard. The streets are mean and 
irregular ; and the whole place has a very decayed appear- 
ance. In the neighbourhood there are some Druidical re- 
mains ; and the town has the ruins of an old castle, built by 
the Normans in the thirteenth century, but afterwards 
destroyed by Llewelyn. Newport has an old parish church, 
and others belonging to Baptists, Independents, and Metho- 
dists, as well as several schools. Limekilns, malt-houses, 
carding and flour mills are in operation ; and, by means of 
the harbour, which is secure, the export of slates, and the im- 
port of coal, timber, &c., is carried on. Pop. (1851) 1716. 

Newport-Pagnell, a market-town of England, county 
of Buckingham, is situated near the confluence of the Ouse 
and Ousel, 48 miles N.N.W. of London. The latter river 
divides the town into two parts, and is crossed by an iron 
bridge, built in 1810. The parish church is a large ancient 
building, with a square tower and pinnacles. There are 
also Baptist, Independent, and Methodist churches ; several 
schools ; almshouses ; a circulating library ; and a savings- 
bank. The only manufacture here is that of lace, and even 
that is not so largely carried on as formerly ; but there is 
some trade in corn, coal, and timber. Pop, (1851) 3312. 


NEWRY, a parliamentary burgh and seaport of Ireland, 
on the borders of the counties of Down and Armagh, is 
beautifully situated in the valley traversed by the river of the 
same name, not far from its mouth in Carlingford Bay, 32 
miles S.S.W. of Belfast, and 63 N, of Dublin. It consists of 
a fine square, and several good and well-paved streets lined 
with well-built and handsome houses chiefly of brick. The 
parish church is a fine modern building of early English 
architOcture, with a tower and spire 190 feet high. There 
are also Presbyterian, Independent, Methodist, and Roman 
Catholic churches ; a town-hall, court-house, two jails, cus- 
tom-house, infantry barracks, assembly-room, fever hospital, 
dispensary, and workhouse. The manufactures are exten- 
sive, consisting of beer,* brandy, leather, linen, cordage, 
cotton, glass, iron, brass, coaches, &c. The trade of the 
place is also considerable, especially in the export of butter, 
eggs, provisions, and cattle, and the import of coals, iron, &c. 
The river, which is here crossed by four stone bridges, ad- 
mits vessels of 600 tons burden up to the town, and those 
of 1000 tons to within 6 miles of it. There is ^so a ship- 
canal leading to the sea, and a boat-canal to Lough Neagh, 
which is 32 miles distant. The number of ships registered 
at the port, 31st December 1856, was 114, and their tonnage 
6648. In that year there entered the port coastwise, 793 
. sailing vessels, tonnage 47,495 ; and 254 steamers, tonnage 
42,115. From the colonies, 16 sailing vessels, tonnage 7306 ; 
from foreign parts, 15 sailing vessels, tonnage 2535 — ^in all, 
824 sailing vessels, tonnage 57,336 ; and 254 steamers, ton- 
nage 42,115. In the same year there cleared, coastwise, 
278 sailing vessels, tonnage 15,111 ; and 250 steamers, ton- 
nage 42,945 : for the colonies, 5 sailing vessels, tonnage 
2401 : for foreign parts, 4 sailing vessels, tonnage 1962 — 
in all, 287 sailing vessels, tonnage 19,474 ; and 250 steamers, 
tonnage 42,945. Steamers ply regularly twice a-week be- 
tween this town and Liverpool, a distance of 1 53 miles. 
Newry is a place of great antiquity, and a Cistercian abbey 
was founded here in 1157 by Maurice M‘Loughlin, king of 
Ireland. The name of the town is supposed to have been 
derived from the number of yew-trees which grew here, 
and two especially within the limits of the abbey which 
was called in Irish Na yar (‘^ of the yew-trees’’). After the 
Reformation, the abbey was granted to Sir Nicholas Bagnal, 
marshal of Ireland, who converted it into a dwelling-house, 
erected a church and castle, and rebuilt the town. Newry 
formerly sent two members to the Irish, and now sends one 
to the imperial Parliament. Pop. 1851) 13,191. 

NEW SOUTH SHETLAND, a group of islands in the 
Antarctic Ocean, lying between S. Lat. 60. 32. and 67. 13., 
and W. Long. 44. 53. and 68. 15.; about 600 miles S.S.E. of 
Cape Horn. They are twelve in number, and extend for 
a distance of 300 miles from N.N.E. to S.S.W being 
bounded on the S. by a broad strait called Bransfield Strait, 
separating them from an extensive country which ajipa- 
rently lies near the S. pole. The islands are rocky and 
mountainous, having some peaks between 6000 and 7000 
feet high. ’ They are covered with snow for nearly the 
whole year, and the only vegetation that is found in these 
desolate regions consists of lichens and mosses, and some 
scanty grass, which appear in a few tracts of the islands in 
the warmest time of the year. They are of volcanic for- 
mation, and some of the mountains are covered with scoriae 
and lava; while hot springs have been discovered rising 
from among the snow with a temperature of not less than 
146®. The only animals that are found on these islands are 
sea-fowls, of which the albatross, the penguin, and the sea- 
cormorant are the principal. Whales and seals of different 
kinds .are found in the seas; and the islands are fre- 
quently visited for the purpose of taking these animals. 
New South Shetland was discovered in 1819 by Captain 
Smith. 

^ NEW SOUTH WALES. See Australia. 
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NEWSPAPERS. 


News- 

papers. 


Legal dc- 


In popular language the term “ Isewspapers has 
a more restricted application than is^ given to it in the 
language of the law. Its use is confined, or almost con- 
fined, to such periodical publications as contain more 
or less of political intelligence, published at short in- 
tervals ; whilst in the phraseology of the British statutes 

and law-books the word “ Newspaper” is defined to include 

finftion of —(1.) *‘Any paper containing public news, intelligence, 
a news- or occurrences, printed in any part of the United King- 
paper. doin, to be dispersed and made public;” (2.) Any paper, ^ 
j^rinted at intervals, not exceeding twenty-six days, of 
which advertisements are the sole or principal contents ; 
and (3.) “Any paper containing any public news, intelligence, 
or occurrences, or any remarks or observations thereon, 
printed in any part of the United Kingdom for sale, and 
published periodically, or in parts or numbers, at intervals 
not exceeding twenty-six days between the publication of 
any two such papers” (provided such paper shall not exceed 
in dimensions and bulk two sheets of paper, each twenty- 
one inches in length, by seventeen inches in breadth ; 
and provided also that such paper shall be published for 
sale for a less sum than sixpence). These definitions and 
provisos were enacted with reference to duties which have 
since been repealed, but they have still the force of law, 
although within smaller limits. And to this cause it is 
owing that publications, whicli none of their readers would 
speak of as “ newspapers,” still continue to bear that de- 
signation in the official returns of the Stamp- Office and the 
Post-Office. 

The elaborate machinery, the wide circulation, and the 
vast influence of newspapers, are now such familiar things, 
that it needs some mental effort to conceive of their 
absence, without an undue depreciation of the public 
opinion of the days when newspapers were unknown. It 
is even difficult thoroughly to apprehend the facts that 
those days are little more than two centuries removed from 
us, and that the newspaper of a period considerably less 
Contrasted distant than one century, was utterly unlike any publication 
that now bears the name. A few men, indeed, of high 
LwsDapers vigorous intellect, — of some of whom we shall 

of the 18th speak hereafter, — earlier employed themselves in 

and 19th political writings, which were periodically issued ; but those 
centuries, writers were rather pamphleteers than journalists. The 
true predecessors of the broad-sheets of our own day were 
for the most part little better than court newsmen, slen- 
derly endowed even as respects syntax and orthography, who 
were usually content to retail meagre intelligence in dis- 
jointed paragraphs, without a syllable of useful comment or 
intelligible inference ; and of whom not a few were in the 
habit of filling up occasional blanks by the insertion of 
false news on one day, and the contradiction of it on 
another. In this article it will be our aim to indicate, how- 
ever briefly, the successive steps by which publications of 
such a class have been transformed into what even states- 
men are accustomed to honour with the name of a “fourth 
estate” of the realm ; to show in what manner the legis- 
lation affecting newspapers has been gradually amended in 
Great Britain, though by no means at an equal pace with 
the improvement of the press itself, and that this amend- 
ment of British law is pregnant with instruction for other 


countries; and, finally, to sketch, as far as our needful News, 
limits will permit, the growth and present statistics of papers, 
newspapers in the principal countries of continental , 

Europe, as well as in the United States of America. 

I. — THE NEWSPAPERS OP THE UNITE0 KINGDOM. 

The first journalists were the writers of “news-letters.” The early 
Originally the dependents of great men, each employed in 'writers of 
keeping his own master or patron well-informed, 
his absence from court, of all that transpired, the duty grew 
at length into a calling. The writer had his periodical 
subscription-list, and instead of writing a sittgle letter, wrote 
as many letters as he had customers. Then one, more 
enterprising than th^ rest, established an “intelligence- 
office,” with a staff of clerks,^ and thus realized in sober 
prose Chaucer’s poetical vision of The House of Fame : — 

When one had heard a thing, 1 wiss. 

He came straight to another wight, 

And ’gan him telling anon, right 
The same tale that to him was told. 

Ht He Ht * * * 

Whether the tidings were sooth or falWp 
Yet would he tell it natbeless, 

And ever more with more increase 
Than it was erst : Thus North and South 
Went every tiding, from mouth to mouth.” 

Of the earlier news-letters good examples may be seen 
in Sir John Penn’s collection of Poston Letters, and in 
Arthur Collins' Letters and Memorials of State (better 
known, perhaps, as the Sydneij Papers). Of those of later 
date, specimens will be found in Knowler’s Letters and 
Dispatches of Strafford, and in othtT well-knovvr^ books. 

In the recently-published Diary of Narcissus Lutirell, 
examples of manuscript news-letters occur as late as the 
reign of William III. 

By the pains and critical actimen of Mr Thomas Watts, The dctlon 
of the British Museum, the old and obstinate (iction, that 
“ for the first printed newspa})er, mankind are indebted to 
the wisdom of Elizabeth and the prudence of Burleigh,” 
is at length gradually disappearing from current literature, 
although it has been many times repeated since the first 
publication of his able pamphlet. The remarkable tenacity 
of life which characterizes misstatements that have once 
g^ned the public ear, may still therefore make it desirable 
to* enumerate the princi}>al reasons \v!)ich led to the con- 
viction that the English 3Iercurie of 1588 is a forgery* 

As adduced by Mr Watts himself, they run thus ; — (L) The 
obvious resemblance of the type to Caslon’s “English fount” 
of the middle of the eighteenth century. (2.) The rigid 
maintenance of that distinction between u’s and e’s, i’s and 
j% which was utterly unknown to the printers of the six- 
teenth century. ($.) The preservation of the original MSS* 
from which the printer worked, written in a modern han4 
with modern spelling, and with corrections, — obviously those, 
not of a transcriber, but of an author, — which the printer 
has copied ; these MSS. being on paper manufactured in 
the early part of the reign of George III. ; and (4.) Serious 
misstatements of fact, and anachronisms of date, of a kind 
which could not occur in the statements of persons who 
had taken part in tlie events they profess to narmte* These 


^ OymbaL — This is the outer room where my clerks sit. 

And keep their sides, the Register in the midst ; 

The Examiner, he sits private there, within ; 

And here I have my several rolls and files 
Of news hy the alphabet, and all put up 

Under their heads.”— Jonson, iPks Sum^U ofNews (acted in 1625^ 
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points nave been thoroughly established ; and it may now 
be hoped that the English Mercurie is finally relegated to 
its proper niche in the gallery of literary impostures. 

Although no genuine newspaper of the sixteenth century 
can be produced, English pamphlets, as well as French, 
Italian, and German, occur with such titles as Newesfrom 
Spaine^ and the like. In the early years of the seventeenth 
they became very numerous. In 1614 we find Butler (the 
anatomist of Melancholy)pointing a sarcasm against the non- 
reading habits of “ the major part,” by adding, “ if they read 
a book at any time . . . 'tis an English Chronicle, St Hnon of 
Bordeaux, Amadisde Gaul, &c., aplay-book, or somepamphlet 
of news.” ^ . . . The most eminent purveyors of reading of this 
sort were Nathaniel Butter, Nicholas Bourne, and Thomas 
Archer ; and by them was issued, in May 1622, the first au- 
thentic periodical newspaper which is now known to exist;® 
— “ The 23d of May — The Weehly News from Italy ^ Ger- 
many^ &c., London, printed by J. D. for Nicholas Bourne 
and Thomas Archer.” Butter’s name does not occur on this 
number, but on many subsequent numbers it appears in 
connection sometimes with Bourne’s and sometimes with 
Archer’s name; so that there was probably an eventual 
partnership in the new undertaking. Butter had published 
Newes from Spaine in 1611, and he continued to be a pub- 
lisher of news until 1641, if not later. It is to him that a 
passage in the fourth act of Fletcher’s Fair Maid of the 
Inn obviously refers: — 

. . . It shall be the ghost of some lying stationer. A spirit shall 
look as if hutUr would not melt in his mouth \ a new Mercuriua 
GaUo-Belgimi” — Act iv., sc. 2. 

In The Certain Newes of this Present Weeh [ending 23d 
August 1622] the publisher inserted this advertisement : — 
“ If any gentleman or other accustomed to buy the weekly 
relations of newes be desirous to continue the same, let 
them know' that the writer, or transcriber rather, of this 
newes hath published two former newes ; the one dated the 
second, the other the thirteenth of August, all which do 
carry a like title, and have dependence one upon another ; 
which manner of writing and printing he doth purpose to 
continue weekly, by God’s assistance, from the best and 
most certain intelligence.” There are on the face of these 
early papers many indications that they were published 
without legal sanction or cognisance. They touched very 
sliglnly on home news j and it is probable that for a time 
the censorship did not much care to interfere with their 
scraps of foreign intelligence. But as their numbers in- 
creased, jealousy appears to have been excited, and forced 
suppressions to have been imposed. One of the latest 
which bears Butter’s name, entitled The Continuation of 
the Forraine Occur rents for 5 weehes last past^ January 1 1, 
1640 (o.s.), contains this address: — The Printer to the 
Reader — Courteous reader, we had thought to have given 
over printing our foreign avisoes, for that the licenser (out 
of a partial affection) would not oftentimes let pass apparent 
truth, and in other things (oftentimes) so cross and alter, 
which made us almost weary of printing; but he being 
vanished, and that ofiice fallen upon another more tinder- 
standing in these forraine affaires, and as you will find more 
candid, we are again, by the favour of His Majesty and the 
State, resolved to go on printing, if we shall find the world to 


give a better acceptation of them than of late, by their weekly 'Ifews- 
buying them.” These hopeful anticipations do not appear . papers, 
to have been realized in the individual case of the writer ; 
but a vast number of competitors for public support quickly Rapid mul- 
presented themselves in the stirring times which England tiplication 
was then entering upon, and their productions were eagerly 
read. November 1 64 1 is especially noticeable for the pub- 
lication, in the form of a newspaper, of the earliest authentic ^-ars. 
report of the proceedings of Parliament. Diurnal Occur- 
rences, or the Heads of several P^'oceedings in both Hoiises 
of Parliament^Yj 2 i^ usually, notwithstanding its title, a weekly 
periodical, and it sometimes contained ordinary news in ad- 
dition to its staple matter. This was followed, within five 
years, by a long train of newspapers, most of which were 
published weekly, such as The English Post^ Ireland's True 
Diurnal, Englands Memorable Accidents^ Weekly Intel- 
ligence, The Kingdom's Weekly Intelligencer, The Spy, 

Mercurius Aulicus, M. Anglicus, M. Civicus, M. Rusticus, 

The Weekly Account, The Parliament's Scout, M. Brilan- 
nicus, The Scotch Inteliigencer, The Scottish Mercury, The 
Welch Mercury, Mercurius Camhro-Britannicus, The King- 
dom's Weekly Post, Le Mercure Anglois (in French), The 
London Post, The Country Messenger, and a multitude 
more. Nearly the whole of these papers are characterized by 
clumsiness of arrangement, by extreme paucity of original 
comment on the news narrated, and very frequently by the 
fierce virulence of such comments as do appear. The papers 
of this period which stand out most saliently from the rest 
are, the Mercurius Britannicus, M. Pragmaticus, and M. 

Politicus of Marchmont Ned ham ; and the Mercurius Au- 
licus of John Birkenhead. Nedham was unquestionably 
both the ablest and the readiest man that had yet tried his 
hand at a newspaper. He commenced Britannicus on the 
22d August 1643, zealously advocated in it the cause of 
the Parliament, and continued its publication until 1647. 

At that period he changed sides for a time, under circum- 
stances of which we know nothing, save from the reports 
of his enemies. According to them, “ obtaining the favour Kewspa- 
of a known royalist to introduce him into His Majesty’s 
presence at Hampton Court, ann. 1647, he then and there 
knelt before him, and desired forgiveness for what he had ]yedLni°" 
written against himself and his cause; .... and soon after 
wrote Mercurius Pragmaticus, which, being very witty, 
satirical against the Presbyterians, and full of loyalty, made 
him known to, and admired by, the bravadoes and wits of 
those times. ... At length . . . Lenthall and Bradshaw . . . 
persuaded him to change liis style once more [in favour of] 
the Independents, then carrying all before them. So that, 
being bought over, he wrote Mercurius Politicus, so ex- 
treme contrary to the former, that the generality for a long 
time . . . could not believe that that ‘ intelligence’ could 
possibly be written by the same hand that wrote tlie M. 
Pragmaticus. . . . The last [i.e., the Pragmatici] were en- 
deavoured by the parliamenteers to be stifled, but the former, 
the Politici, which came out by axithority, and flew every 
week into all parts of the nation for more than ten years, 
had very great influence. . . . He was then the Goliah of 
the Philistines, the great champion of the late usurper, whose 
pen, in comparison of others^ was like a weaver’s beam.” ^ 
Birkenhead’s M. Aulicus was also begun in 1643, and con- 

head. 


^ So Crabbe, writing in similar strain a hundred and seventy y^ars later : — 

“ To you all readers turn, and they can look 

Pleased on a paper who abhor a book ; 

Those who ne’er deigned their Bible to pernse, 

Would think it hard to be denied their news.” — The Newspaper, 1785. 

* The Courant, or Weekly Newes from Foreign Farts, of Oct, 9, 1621, mentioned by Nichols (Literary Anecdotes, iv. 38), is of doubtful 
authenticity. It is described as a half-sheet in the black letter, 4to, out of High Dutch, printed for Nath. Butter.” Y et it is probable 
that future researches will discover papers, serially published, of even earlier date. Publications of this sort have been usually too little 
eared for in our great libraries. 

3 "Wood, Athenoe Oxonienses (by Bliss), iii. 1182. A new Mercurius Britannicus appeared in June 1647, hut did not long continue. 
Another, entitled M, Britannicus again Alive, was published in May 1648, and the title was often subsequently revived. 
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papers, ^ar. According to W^ood, Charles !• ^ appointed liinci to 
write the Mercurii Aulici^ which being very pleasing to the 
loyal party, His Majesty recommended him to the [Uni- 
versity] electors that they would choose him moral philo- 
sophy reader which was done accordingly. He was as- 
sisted in the composition of Aulicus by George Digby and 
by Dr Peter Heylin. He had considerable powers of satire 
after a coarse fashion, and was one of the few rough-weather 
royalists who were permitted to bask in the sunshine of the 
Kestoration. 

Under Cromwell, the chief papers were M* Politicus and 
The Public Intelligencer (of which the first number ap- 
peared on the 8th October 1655). These publications 
were issued on different days of the week, and at length 
they became conjointly the foundation of our present Lon- 
don Gazette. Even at their origin they were in some de- 
gree official papers. The Intelligencer underwent several 
modifications of title at various periods, and was for a time 
edited by Nedham. In 1659 the Council of State caused 
the following announcement to be published ; — “ Whereas 
Marcbmont Nedham, the author of the weekly news-books, 
called Mercurim Politicus^ and The PuhUque Intelligencer^ 
is, by order of the Council of State, discharged from writing 
or publishing any publique intelligence; the reader is de- 
sired to take notice that, by order of the said council, Giles 
Dury and Henry Muddiman are authorized henceforth to 
write and publish the said intelligence, the one upon the 
Thursday and the other upon the Monday, which they do 
intend to set out under the titles of The Parliamentary 
Intelligencer, and of Mercurius Puhlicus^^ After the 
'^a^ers^f* ^ monopoly of newspapers was attempted to 

the Re-^ be Set up in favour of Roger L’Estrange, by a royal grant 
storation. of “all the sole privilege of writing, printing, and publish- 
ing all narratives, advertisements, mercuries, intelligencers, 
diurnals, and other books of public intelligence; . . . with 
power to search for and seize unlicensed and treasonable, 
schismatical and scandalous books and papers.’' L’Estrange 
continued the papers above mentioned, but changed their 
titles to The Intelligencer and The Neias. In the first 
number of the former he paints both himself and his 
epoch in unmistakeable colours : — “ Supposing the press in 
order," he says, “ the people in their right wits, and news 
or no news to be the question, a public Mercury should 
never have my vote ; because I think it makes the public 
too familiar with the actions and counsels of their superiors, 
too pragmatical and censorious, and gives them not only an 
itch, but a kind of colourable right and license to be med- 
dling with the government." But then, he bethinks him, 
that in some shape or other the government is sure to be at- 
tacked; and therefore ends thus:— “ So that, upon the main, 
I perceive tlie thing requisite ; and (for ought I can see 
yet) once a week may do the business ; for I intend to utter 
my news by weight, not by measure. . . . The way as to 
the vent that has been found most beneficial to the master 
of the book, has been to cry and expose it about the streets, 
by Mercuries and hawkers, but whether that way may be 
so advisable in some other respects may be a question." 
But not even in that day was such a scheme workable. 
L’Estrange’s papers continued only until 1665, and within 
that short period had their competitors, though of a miser- 
Eatablisb.- able kind. The first number of The Oxford Gazette was 
published (whilst the court was at Oxford, on account of 
Gazette, plague then raging in London) on the 14th No- 

vember 1665, and became The London Gazette with the 
twenty-fourth number^ issued on the 5 th February 1666. 
For a very long period it retained its original size of a single 
leaf in small folio. It contained no news or documents but 
such as were palatable to the court ; and these were retailed 
in the most meagre fashion, without, a scintilla of literary 
ability. After the Revolution, however, \t shared, to some 


small extent, in the general improvement of the press ; and Kcws.- 
has now been published twice a week, without interruption, papers, 
and in a continuous and uniform series, for nearly two cen- 
turies. 

The excitement which attended the “ Popish plot,” and Restric- 
the “ Exclusion Bill," largely increased the number of news- on 
papers, without much elevating their character. The in- 
crease led to a new “Proclamation for suppressing the 
printing and publishing unlicensed news-books and pam- 
phlets of news" (May 12, 1680), in which it is set forth 
that, “ of late, many evil-disposed persons have made it a 
common practice to print and publish pamphlets of news, 
without license or authority, and therein have vended . . . 
idle and malicious reports," &c. Great efforts were made to 
give effect to this proclamation by the infliction of punish- 
ments of atrocious severity; but when English printers 
were terrified into submission, Dutch printers supplied their 
places. News-pamphlets potired in from Holland in spite of 
the utmost efforts of licensers and custom-house officers, and 
helped to prepare the way for the downfall of the Stuarts. 

A few incidental paragraphs and announcements may dc- Spocimen 
serve to be culled from the London newspapers of this period, of newg- 
by way of a small sample of their quality. In the fiftieth papers of 
number of Domestick Intelligence, or Neics both from CVVy 
and Country (9th July, 1679), we read: — “Whereas, on 
Thursday the 18th instant, in the evening, Mr John Dryden 
was assaulted and wounded in Rose Street, in Co vent Gar- 
den, by divers men unknown : if any person shall make 
discovery of the offenders to the said Mr Dryden, or to any 
justice of peace, .... he shall not only receive fifly 
pounds, .... but if the discoverer be himself one of the 
actors, he shall have the fifty pounds without letting his 
name be known, or receiving the least trouble l)y any 
prosecution.” [In the present day such an advertisement 
as this would entail a fine of fifty pounds on the newspaper 
in which it appeared.] In No. 37 of The True News (2 /th 
March, 1680), it is announced that a project is set cm foot 
“for conveying of letters, notes, messages, amorous billets, 
and all bundles whatsoever under a pound weight, and all 
sorts of writings (challenges only excepted), to and from 
any part of the city and suburbs ; to which purfjose the 
projectors have taken a house in Lime Street for a general 
office, and have appointed eight more stages in other parts 
at a convenient distance ; a plot which, if not ihmly 
vented by the freemen porters of the city, is like to prov^' the 
utter subversion of them and their worshipfid corporatiimJ* 

The London Gazette of the 3d December 1683 informs 
its readers that “ there is a considerable sum of money 
already paid in to Mr Child at Temple Bar, towards the 
lottery of the jewels of his late R.H. Prince Rupert. For 
the satisfaction of all such as have any doubts of the fair 
and equal proceeding in the drawing thereof*, .... His 
Majesty will be pleased publicly, in the banqueting-houso, 
to see the blanks told over, .... and to read die papers 
in wliich the prizes are to be written, which .... His 
Majesty will mix amongst the blanks." In this instance, 
it will be noticed, the style of the gazetteer is sufficiently 
prolix to necessitate abridgment, but usually it is of tie 
concisest. Deeds which still sound in our ears like a 
trumpet are narrated in the same bald manner as are the 
merest trivialities of the court. Thus, No. 1884 ends with 
this paragraph : — This day Algernon Sidney, Esq., was 
brought from the Tower to the place apfKiinted for his 
execution on Tower Hill, where he was beheaded on a 
scaffold erected for that purpose and No. 1886 with the 
following : — “ On Monday last, His Majesty and Her Royal 
Highness were ^eased to do Sir William Jennens the 
honour to see his new-erected bagnio in Longacte, and 
very well to approve thereof " 

The very day which followed the abdication of James IL 
was marked by the appearance of three newspapers — The 
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News- Universal Intelligence^ The English Courant, and The 
papers. London Courant, Within a few days more, these were fol- 
lowed by The London Mercury^ The Orange Gazette^ The 
Increase of London Intelligence^ The Harlem Currant^ and others, 
newspapers ^he Licensing Act, which was in force at the date of the 
volution oV expired in 1692, but was continued for a year, 

1688. when it finally ceased. On the appearance of a paragraph 
in The Flying Post of 1st April 1697,^ which appeared to 
the House of Commons to attack the credit of the ex- 
chequer bills, leave was given to bring in a bill “ to prevent 
the writing, printing, or publishing of any news without 
license but the bill was thrown out in an early stage of 
its progress,' That Plying Post which gave occasion to 
this attempt was also noticeable for a new method of print- 
ing, which it thus announced to its customers : — “ If any 
gentleman has a mind to oblige his country friend or cor- 
respondent with this account of public affairs, he can have 
it for twopence .... on a sheet of fine paper, half of 
which being left blank, he may thereon write his own 
affairs, or the material news of the dayT 

But it was in the reign of Queen Anne that the news- 
paper press first became really eminent for the amount of 
intellectual power and of versatile talent which was em- 
ployed upon it. It was also in that reign that the press 
was first fettered by the newspaper stamp. The accession 
of Anne was quickly followed by the appearance of the first 
London daily newspaper, The Daily Courant (1703), 
published and edited by the w'ell-known printer Samuel 
Buckley, and this by a crowd of new competitors for public 
favour of less frequent publication. The first number of one 
of these, The Country Gentlemarf s Courant (1706), was 
given away gratuitously; and the following special pre- 
tensions were put forward on its behalf : — ‘‘ Among the 
crowd of newspapers that come out weekly, it is hoped that 
this may find as favourable a reception as any, when its 
usefulness is rightly considered ; for here the reader is not 
only diverted with a faithful register of the most remarkable 
and momentary [f.e., momentous] transactions at home and 
abrqad, . . . but also with a geogi'aphical description of 
the most material places mentioned in every article of news, 
whereby he is freed the trouble of looking into maps.” 

Shortly after the commencement of The Daily Courant^ 
Defoe began his famous paper The Review. At first he 
called it A Weekly Pevieiv of the Affairs of France^ ^purged 
from the Errors and Partiality of News ~ Writers and 
Petty Statesmen of all sides. But this long and singular 
title was objected to by friends and ridiculed by foes. With 
the eighteenth number Defoe dropped the words “of the 
affairs of France,” although on the title-page of his second 
volume he returned to the original designation thus modi- 
fied : — A Revietv of the Affairs of France, with Observa- 
tions on Transactio7is at Home. At the outset it was 
published weekly, afterwards twice, and at length three 
times a week. It continued from February 1704 to May 
1713 ; and a complete set is of extreme rarity. From the 
first page to the last it is characterized by the manly bold- 
ness and persistent tenacity with which the almost unaided 
aiithor utters and defends his convictions on public affairs, 
against a host of clever and bitter assailants. He waxed 
very wroth at times — as well he might — but expresses his 
anger much oftener by incisive sarcasm than by the coarse 
personalities which were then so common. The work is 
as much marked by genial humour as by keen insight ; and 
if in its style it ladks polish, it undeniably abounds in vigour. 
Especially mfetnorable is it as the first newspaper which 
bears plainly on'itsface that the author was far more intent 
on making patriots than on poaking money. In that corner 
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of his paper which he entitled “ Advice from the Scandalous News- 
Club,” and set apart for the discussion of questions of litera- papers, 
ture and manners, and sometimes topics of a graver kind, 

Defoe to some extent anticipated the Tatlers and Spec- 
tators of a later day. He thus explains the purpose which 
he had there in view : — “ As to our brethren of the worship- 
ful company of news- writers, .... they shall meet with 
no ill treatment. But if they tell a lie that a man may feel 
with his foot, and not only proclaim their folly but their 
knavery ; if they banter religion, sport witli things sacred, 
and dip their pens in blasphemy ; our Scandalous Club is 
a new corporation erected on purpose to make inquisition 
of such matters, and will treat them but scurvily, as they 
deserve.” The essays of Queen Anne’s day, though in 
their origin they partook of the character of newspapers, 
open a theme too wide for the scope of this article, and more 
properly belong to the subject of Periodical Publications. 

The year 1710 was marked by the appearance of Swift’s 
Examiner, or Remarks upon Papers and Occurrences^^^^'^^l 
(No. 1, August 3), of which thirteen numbers had appeared 
by the co-operation of Bolingbroke, Prior, Friend, and^^gtgf^" 
King, before it was placed under the sole control of Swift, 
who, as Sir W. Scott has said, “ not satisfied with directing 
his artillery on the main body of the enemy, singled out for 
his aim particular and well-known individuals. Wharton, 
whose character laid him too open for such an attack, was 
the first of these victims. Sunderland, Godolphin, Cowper, 

Walpole, and Marlborough himself, became the butts of his 
satire; but he is less justifiable where it is exerted against 
Lord Somers, whose services to bis country, independent of 
ancient friendship and undeniable virtues, ought to have 
silenced such reproaches as had no better foundation than 
private scandal.”^ 'The Whig Examiner^ avowedly in- 
tended “ to censure the writings of others, and to give all 
persons a re-hearing who had suffered under any unjust sen- 
tence of The Examiner f followed on the 1st September; and 
The Medley three weeks afterwards. In’ the same year a 
paper, entitled The British Mercury (No. 1, March 27), The Britisli 
was established by tlie proprietors of the Sun Fire Office. 

In subsequently commencing a new series of this papei', its 
conductors prefixed a sort of summary — from their own 
point of view, of course — of the previous history of English 
newspapers. After describing the renewed activity of the 
press at the Revolution period, the writer proceeds: — 

“ Such a furious itch of novelty has ever since been the 
epidemical distemper, that it has proved fatal to many fami- 
lies; the meanest of shopkeepers and handicrafts spending 
whole days in coffee-houses to hear news and read poli- 
ticks, whilst their wives and children wanted bread at home ; 
and their business being neglected, they were themselves at 
length thrust into gaols Hence sprung that inunda- 

tion of Postmen, Postboys, Evening Posts, Supplements, 

Daily Courants, Protestant Postboys, amounting to twenty- 
one every week, besides many more which have not sur- 
vived to this time, and besides the Gazette, which has the 
sanction of public authority ; and this Mercury, only intended 
for and delivered to those .... insured by the Sun Fire 
Office. Yet has not all this variety been sufficient to. sa- 
tiate the immoderate appetite of intelligence, without ran- 
sacking France, Holland, and Flanders, whence the foreign 
mails duly furnish us with the Gazettes or Courants of Paris, 

Brussels, Antwerp, Amsterdam, Hague, Rotterdam, Ley- 
den, and some others not so common, besides the French 
and Holland Gazettes-bi-la-Main!* 

This increasing popularity and influence of the newspaper 
press could not fail to be’ distasteful to the ruling powers. 
Prosecutions Wete mulfipliedj yet with small success. At 
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length some busy brain struck out amidst its cogitations the 
fertile expedient of a newspaper tax. To whom the first 
idea was owing is not now known. All tliat our parliamen- 
tary history records on this point is, that “ some members 
in the Grand Committee of Ways and Means suggested a 
more effectual way for suppressing libels,” &c. The imme- 
diate or ostensible occasion, it may be added, of the enact- 
ment lay simply in the publication of a Dutch state-paper 
by the writer of the Daily Courant^ one of the best journals 
of the time. The duty imposed was a halfpenny on papers 
of half a sheet or less, and a penny on such as ranged from 
half a sheet to a single sheet (10 Ann., c. xix., § 101), and 
it came into force on the 19tli July 1712. The first results 
of the tax cannot be more succinctly or more vividly de- 
scribed than in the following characteristic passage of the 
Journal to Stella : — “ Do you know that Grub Street is 
dead and gone last week? No more ghosts or murders 
now for love or money. I plied it close the last fortnight, 
and published at leak seven papers of my own, besides 
some of other people’s; but now every single half-sheet 
pays a halfpenny to the queen. The Observatori^ fallen; 
the Medleys' jumbled together with the Flying Post; 
the Examiner is deadly sick ; the Spectator keeps up, and 
doubles its price, — I know not how long it will hold. Have 
you seen the red stamp the papers are marked with ? Me- 
thinks the stamping is worth a halfpenny P It is one of the 
“ curiosities of literature ” that the first commissioner of the 
stamp-office was Richard Steele, who did not, however, long 
retain the post. 

Swift’s doubt as to the ability of the Spectator to hold out 
against the tax was justified by its discontinuance in the 
following year. But the impost which was thus fruitful in 
mischief; by suppressing much good literature, wholly failed 
in keeping out bad. Some of the worst journals that were 
already in existence kept their ground, and the number of 
such erelong increased.^ An enumeration of the London 
papers of I7l4 comprises The Daily Courant, The Exa- 
miner^ The British Merchant^ The Lover^ The Patriot^ 
The Monitor, The Plying Post, The Postboy, Mercator, 
The Weekly Pacquet, and DuntorHs Ghost Another enu- 
meration in 1733 includes The Daily Courant, The Crafts- 
man, Fog^s Journal, Mist^s Journal, The London Journal, 
The Free Briton, The Grub Street Journal, The Weekly 
Register, The Universal Spectator, The Auditor, The 
Weekly Miscellany, The London Crier, ReaciPs Journal, 
(Edipus, or The Postman Remounted, The St Jamei Post, 
The London Evening Post, and The' London Daily Post 
Twenty years later the last-named publication became the 
well-known Public Advertiser. Nor ought it to be forgot- 
ten, that to this multiplicity of newspapers we are indebted 
for the foundation of that storehouse of curious information, 
The Gentleman! s Magazine. The title-page of the first 
volume avows that it is “ collected chiefly from the public 
papers ; ” and in his preface the editor remarks, that ‘‘ upon 
calculating the number of newspapers, it is found that • . . 
no less than two hundred half-sheets per month are thrown 
from the press in London, and about as many printed else- 
where in the three kingdoms.” ‘ Towards the middle of the 
century the provisions and the penalties of the Stamp Act 
were made more stringent, and the jail population largely 
increased by the number of offences against it. Yet the 
number of newspapers continued to rise. Johnson, writing 
in 1758, bears testimony to the still growing thirst for 
news Journals are daily multiplied, without increase of 
knowledge. The tale of the morning paper is told in the 
evening, and the narratives of the evening are bought again 


in the morning. These repetitions, indeed, waste time, but Neiirt- 
they do not shorten it The most eager peruser of news is 
tired before he has completed his labour ; and many a man 
who enters the coffee-house in his night-gown and slippers, 
is called away to his shop or his dinner before he has well 
considered the state of Europe.” Five years before this 
remark appeared in the Idler, tlie aggregate number of 
newspapers annually sold in England, on an average of three 
years, amounted to 7,411,757. In 1760 it had risen to 
9,464,790, and in 1767 to 11,300,980. 

The first newspaper purporting by its title to be Scot- First newi. 
tish (The Scotch Intelligencer^ 7th September 1643), and of 
the first newspaper actually printed in Scotland (Mercu- 
rius Politicus, published at Leitli in October 1653), were 
both of English manufacture ; the one being intended to 
communicate more particularly the affairs of Scotland to 
the Londoners ; the other to keep Cromweirs army well 
acquainted with the London news. The reprinting of the 
Politicus was transferred to Edinburgh in November 1654, 
and it continued to appear (under the altered title, Mercuf- 
ritis Publicus, subsequently to April 1660) until the be- 
ginning of 1663. Meanwhile, an attempt by Thomas Syd- 
serfe to establish a really Scottish newspaper, Mercurius 
Caledonius, had failed after the appearance of ten num- 
bers, the first of which had been published at Edinburgh 
on the 8th of January 1661. It was not uxuil March 1699 
that a Scottish newspaper was firmly established, under the 
title of The Edinburgh Gazette, by James Watson, a 
printer of eminent skill in his art. Before the close of tixe 
year the Gazette was transferred to John Reid, by whose 
family it long continued to be printed. In February 1705 
Watson started TAe Edinburgh Courant, of whiclx be only 
published fifty-five numbers. In 1710 the town council 
authorized Mr Daniel Defoe to print the Edinburgh Cou- 
rant in the place of the deceased Adam Bog. Four years 
earlier the indefatigable pioneer of the Scottish press, James 
Watson, had commenced the Scots Courant, which he 
continued to print until after the year 1718. To these 
papers were added, in October 1708, The Edinburgh Ply» 
ing Post; and in August 1709, Scots Postman* Five 
years later this paper appears to have been incar{)orated 
with tl)e Edinburgh Gazette, and the conjoined publica- 
tions appeared twice a week. In December 1718 the town 
council gave a privilege to James M*Ewan to print the 
Edinburgh Evening Courant (a journal which still subsists) 
three times a week, on condition that before publication be 
should “ give ane coppie of his print to the magistrates.” 

The Caledonian Mercury dates from the 28th of April 1 720. 

At one period it was published tJiricc, and afterwards 
twice a week. ^ Its first pro[)rietor was William Uolland, an 
advocate, and its first editor Thomas Kuddiman. The pn>- 
perty passed to Ruddiman on Holland’s death in 1729, and 
remained in his family until 1772. It now appears daily. 

The early newspapers which in title and subject-matter Early Irii 
are Irish, belong, like their Scottish contemjwaries, to tbe»ew«pA- 
London press. Such, for example, are Ireland!* True Di- 
urnal (February 1642), and Mercurius Bfibemicus (1644). 

Such also was The Irish Courant, published almost half 
a century later (No. 1, April 4, 1690); but this Revolu- 
tion journal had been preceded by The Dublin Nemh 
Letter, printed in 1685, ** by Joseph Ray in College Green, 
for Robert Thornton, at tl>e Leather Bottle in Stunner 
Row;” and was followed in 1690 by The Dublin Intelli* 
gence (No. 1, September 30, 1690), which was also printed 


See the Burney collection of newspapers in the British Museum; and Nichols, lAterary Anecdotes of tU JSUghumth Osnmrp, it. 33-97. 
This was followed by The Scotch JOove, the first number of which is dated “ Sept. 30 to October 20, 1643, ’’ and by Tk$ Seottith 
cury (No. 1, Oct. 6, 1643). In 1648 a Mercurius ScoHcus and a Mtreurim OdUdonitu were published in OPbe Boetdk Jlhsvs was i 

the only one of these Which attained a lengthened existence. 
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by Joseph Ray. Falkener's Journal was established in 
1728, and appeared daily, Esdaile^s News-Letter began 
in 1744, took the title of Saunders’ News-Letter in 1754 
(when it appeared three times a week), and became a daily 
newspaper in 1777. It is said still to possess the largest 
circulation which has ever been attained by an Irish daily 
paper. 

Waterford possessed a newspaper as early as 1729, en- 
titled The Waterford Flying Post It professed to contain 
‘‘ the most material news both foreign and domestic,” was 
printed on common writing-paper, and published twice a 
week at the price of a halfpenny. The Belfast Neivs-Let- 
ter was started in 1737, and it still flourishes. The more 
famous Freeman’s Journal was long pre-eminent amongst 
the Dublin papers for ability and vigour. It was estab- 
lished by a committee of the first society of ‘‘ United Irish- 
men” in 1 763, and its first editor was Dr Lucas. Flood 
and Grattan were at one time numbered amongst its con- 
tributors ; although the latter, at a subsequent period, is 
reported to have exclaimed in his place in the Irish Par- 
liament, ihe Freeman’s Journal .... a public, 

pitiful liar.”^ The relations between the journalism and 
the oratory of Ireland have been not infrequently of this 
stormy character. 

The history of newspapers during the long reign of 
® George III. is a history of criminal prosecutions, in which 
^ individual writers and editors were repeatedly defeated and 

* severely punished ; whilst the press itself derived new 
strength from the protracted conflict, and turned ignomi- 
nious penalties into signal triumphs. From the days of 
John Wilkes to those of Leigh Hunt, every conspicuous 
newspaper prosecution gave tenfold currency to the doc- 
trines that were assailed ; and if some timid malcontents 
were occasionally cowed into silence and retreat, the ranks 
were the stronger for their absence. In the earlier part 
of this period, men who were mere traders in politics-— 
whose motives were obviously base, and their lives con- 
temptible — became powers in the state, able to brave king, 
legislature, and law courts, by virtue of the simple truth 
that a free people must have a free press. Y et the policy that 
had utterly failed in 1763 continued to be clung to in 1819. 

One of the minor incidents of the North Briton excite- 
■ ment led indirectly to valuable results with reference to 
the much-vexed question of parliamentary reporting. Dur- 
ing the discussions respecting the Middlesex election, Al- 
mon the bookseller collected from members of the House 
of Commons some particulars of the debates, and published 
them in the London Evening Post, The success which 
attended these reports induced the proprietors of the St 
James’s Chronicle to employ a reporter, in their turn, to 
collect notes in the lobby and at the coffee-houses. This 
repeated infraction of the “ privilege” of secret legislation, 
entailed the memorable proceedings of the House of Com- 
mons in 1771, with their fierce debates, angry resolutions, 
and arbitrary imprisonments ; — all resulting, at length, in 
that tacit concession of publicity of discussion which has 
ever since prevailed. 

The three metropolitan newspapers which at different 
periods of this reign stood pre-eminent amongst their com- 
petitors were The Public Advertiser, The morning Post, 

* and The Morning Chronicle, The far more striking pre- 
dominance of The Times is, as we shall see hereafter, a 
thing of later date. The first-named paper owed some of 
its popularity to the letters of Junius. The Post and the 
Chronicle were mainly indebted for their success (in by- 
gone days) to the personal qualities of individual editors. 

It need hardly be said that the Public Advertiser was 
already a successful and rising journal when it published the 


first contribution of Junius. To none other would the iTews- 
letters of Junius have been sent. Many of them had ap- papers, 
peared before the smallest perceptible effect was produced 
on the circulation of the paper ; but when the Letter to Letters of 
the King” came out (1 9th Dec. 1769, almost a year from the Junius in 
beginning of the series), it caused an addition of 1750 
copies to the ordinary impression. The effect of subse- 
quent letters was variable; but when Junius ceased to 
write, the monthly sale of the paper had risen to 83,950. 

This was in December 1771. Seven years earlier the 
monthly sale had been but 47,51 5. The Public Advertiser 
did not, however, long retain the position into which it had 
been so rapidly elevated. The Morning Chronicle was The Mom- 
begun in 1769. William Woodfall Memory’ Woodfall, 
as he was called) was its printer, reporter, and editor ; and 
continued to conduct it until 1789. James Perry suc- 
ceeded him as editor, and so continued, with an interval 
during which the editorship was in the hands of the late 
Mr Sergeant Spankie, until his death in 1821. In the days 
of the “ Black Acts” the Chronicle was the most uncompro- 
mising opponent of the government, and Perry’s editorial 
functions were occasionally discharged in Newgate ; in 1819 
the daily sale nearly reached 4000. When sold in 1823 
to the late Mr Clement, the purchase-money amounted to 
L.42,000. Mr Clement held it for about eleven years, and 
then sold it to the late Sir John Easthope, for a much 
smaller sum than it had cost him. Of its subsequent for- 
tunes, it is enough here to say, that in 1 854 its average 
circulation had sunk to 2791 copies daily. But no loss of 
popularity can deprive it of the distinction of having been 
the first newspaper which was adorned by literary criticism 
of the highest order. 

The Morning Post dates from 1772. For some years it The Morn- 
was in the hands of the notorious ‘ Parson Bate’ (afterwards 
known as Sir Henry Bate Dudley), and it attained some 
degree of temporary popularity, though of no very enviable 
sort. In 1795 the entire copyright, with house and 
printing materials, was sold for L.600 to Peter and Daniel 
Stuart, who quickly raised the position of the Post by en- 
listing Mackintosh and Coleridge in its service, and by 
giving unremitting attention to advertisements and to the 
copious supply of incidental news and amusing paragraphs. 

A few years ago there was a long controversy about the I^ewspaper 
share which Coleridge had in elevating the Post 
obscurity to eminence. That he greatly promoted this 
result there can be no doubt. His famous “ Character of 
Pitt,” published in 1800, was especially successful. It 
largely increased the sale of the paper, and created a de- 
mand for the particular number in which it appeared that 
lasted for weeks, a thing almost without precedent. Nor 
were newspaper-owners likely to be at all insensible to the 
value of talents which bore such a golden stamp. Mr D. 

Stuart, indeed, was once silly enough to write, — after quot- 
ing the anecdote of the city bookseller Sir Richard Phillips 
having slapped Coleridge on the shoulder at a dinner party, 
saying, “ I wish I had you in a garret without a coat to your 
back,” — “ In something like this state, I had Coleridge,” 

But, when in a better mind, he has borne testimony on this 
point which is unexceptionable. To write the leading 
articles of a newspaper, he says, I would prefer Coleridge 
to Mackintosh, Burke, or any man I ever heard of. His 
observations were marked by good sense, .... extensive 
knowledge, deep thought, and well-grounded foresight. . . . 

They were the writings of a scholar, agentleman, and a states- 
man, without personal sarcasm, or ilJiberality of any kind.” 

But unhappily, we must add, these noble qualities lacked 
another. In his best days the poet-philosopher never pos- 
sessed that capacity for steady, persistent, punctual labour 
which is the sinew of periodical literature, and for the want 


YOL, XYI, 


1 Debater of the Irish House of Cowrooaej U Mmh 1739^ 
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INewfl- of which we have all of us seen names synonymous with 
papers, genius become symbols of failure. To say, therefore, 
that it was less to the powers of Coleridge, than to the 
energetic enterprise and the eminent business qu^-lities of 
the new proprietors, that the Morning Post owed its ex- 
traordinary rise, from a daily circulation in 1795 of 350, to 
one in 1803 of 4500 copies, is consistent alike with the ascer- 
tained facts, and with the obvious necessities of the case. 
Rapid de- But it may well excite some degree of wonder to find a 
cline of the journal which had attained such a position sinking within 
Morning ^ ygg^j.g ^ depth of degradation which carried it 

1803*”^^ as far below its competitors it had formerly risen above 
them. When Stuart sold his paper in 1803, with its circula- 
tion exceeding by one half that of its most popular daily 
rival, and with a character for honest independence which 
was still more enviable, he could hardly have' anticipated 
that in 1812 he would read in its columns a poetical ad- 
dress to the Prince Regent,*’ which, fo^r unblushing false- 
hood and venal adulation, might challenge the enslaved 
press of Austria or of Russia. ‘‘Glory of the People,” 
“ Protector of the Arts,” “ Maecenas of the Age,” “ Con- 
queror of Hearts,” — such were tlie epithets thickly strewn in 
a eulogy which was wound up in this fashion : — > 

Thus gifted with each grace of mind, 

Born to delight and bless mankind ; 

Wisdom, with pleasure in her train, 

Great Prince, shall signalize thy reign ! ” 

It was for lashing this vile parasite in terms of manly in- 
dignation, and for vigorously enforcing the pregnant truth, 
‘‘Flattery in .any shape is unworthy a man and a gentle- 
man ; but political flattery is almost a request to be made 
slaves,” that John Hunt and Leigh Hunt were sentenced 
to a fine of one thousand pounds ; to bei each of them, 
imprisoned two years ’in separate gaols ; and to give heavy 
security for good behaviour for five years more. 

Repeated Whilst the general influence of the newspaper press was 
augmenta- becoming both more extensive, and, in the main, incom- 
tion of the parably more civilizing, the steady industry of ofiicial per- 
sons was constantly employed in endeavours to restrain and 
diminish it. In 1756 an additional halfpenny had been 
added to the tax. In 1765 and in 1773 various restrictive 
regulations were imposed (5th Geo. III., c. 46; and 13th 
Geo. III., c. 65). In 1789 the three hal^ence was in- 
creased to twopence (29th Geo. III., c. 50); in 1797 to 
twopence-halfpenny (37th Geo. III., c. 90) ; in 1804 to 
threepence-halfpenny (44th Geo. III., c. 98) ; and, in 1815, 
was altered to fourpence, less a discount of 20 per cent. 
Penalties of all kinds were also enhanced, and obstructive 
regulations were multiplied. Very obviously, these restric- 
tions failed in a great degree of their immeiate purpose. 
Yet their prejudicial effect in eking out the existence of the 
worst portion of the press, by fettering fair competition, is 
incalculable. Happily for humanity, there are, and will al- 
ways be, men to whom obstacles become spurs in the career 
which conscience has traced for them. Their delight in 
the chase rises with the difficulty of the country. When 
once engaged in political conflict, they will, like Defoe, 
neither give nor take quarter.^ But the legislation which 
offers to such men the widest field for their energies, multi- 
plies the basenesses of weaker men, and gives impunity to 
their crimes. 

Before proceeding to notice the later history of the me- 
tropolitan newspapers, it may be desirable to glance at the 


rise and progress of the English provincial press. A glance News- 
at it is all that can here be attempted. papers. . 

The earliest provincial paper with which we are acquainted 
is The Stamford Mercury^ a publication which is still in Growth of 
existence, and of which its proprietors can say, with some the English 
reasonable pride, that it has appeared weekly, without in- provincial 
terruption, for a hundred and sixty-two years. Next 
this came the Norwich Postman^ first published in 1706, 
in small quarto, and of meagre contents. The stated price 
of this paper was a penny, but its proprietor notified to the 
public that “ a halfpenny is not refused.” Two other papers 
were started in Norwich within a few years afterwards, — Uarly pa. 
The Courant in 1712 ; The Weekly Mercury^ or Prates- pers of 
tanfs Packet (which still exists) in 1 720. Worcester seems Norwich, 
to have been the third country town in England to boast of 
a newspaper; the Worcester Postman appearing in 1708, 
and the Worcester Journal having begun its more fortunate 
career (still continued) in 1709. The Newcastle Courant 
followed in 1711; The Liverpool Courant in 1712; the 
Salisbury Postman, and the Felix Farkf/s Bristol Journal, 
each in 1715; TAe Nottingham Post in 1716; and the 
Kentish Post in 1717. The Courant is still published at 
Newcastle, and the Kentish Post (under the altered title of 
Kentish Gazette^ at Canterbury. Farkfs Bristol Journal 
has merged into the Bristol Times. The others have long 
since ceased to appear. 

Tht Leeds Mercury vfos established in the year niSyTheiieeds 
and, for the purpose of evading the Stamp Act, was made Mercury, 
to extend to twelve pages, small quarto (or a sheet and a 
half; the stamp being then leviecl only on papers not ex- 
ceeding a single sheet). Like its contem|)oraries, it was 
published weekly, and its price was three-halfpence. In 
1729 it was reduced to four pages of larger size, and sold, 
with a stamp, at twopence. From 1755 to 1766 its publi- 
cation was suspended, but was resumed in January 1767, 
under the management of James Bowley, who continued to 
conduct it for twenty-seven years, and raised it to a circu- 
lation of 3000. Its price at this time was fourpence* The 
increase of the stamp duty in 1797 altered its price to 
sixpence, and the circulation sank from 3000 to 800. It was 
purchased in 1801 by the late Edward Baines, who first began 
the insertion of “leaders.” It took liim tlirec years to ob- 
tain a circulation of 1500; but the Leeds Mercury aftctwexds 
made rapid progress, and became one of the most important 
and valuable of the country papers, as it still continues to lie. 

New-Year^s-Day 1719 was marked in Manchester by Early 
the appearance of the first number of the Manchester 
Weekly Journal^ published by Roger Adams. ThisW^Jf®* 
was followed in 1730 by the Manchester Gazette (after- 
wards called the Manchester Magazine\ published by 
Henry Whitworth. Harrop*s Manchester Mercury was 
begun on the 3d March 1762, and continued to exist until 
the close of 1830. Both of the papers last named, although 
alike characterized by that utter absence of literary talent 
which usually marked the provincial press of the period, were 
of violent politics, on opposite sides. The Magazine was 
Whiggish and Hanoverian ; the Mercury^ Tory and Jacobi- 
tical. A controversy, which lasted for more than a year, 
between the former and the Chester Courant (a paper that 
may be regarded as m some sort a continuation of the 
Manchester Journal above-mentioned, the publish^ of 
which had removed to Chester), is not the least curious of 
the many episodes of the rebellion of 1745-6. It grew 
out of the following paragraph, which Imd appeared in the 
Mercury of 23d Sept. 1746: — 


wUrfi rf impartial writer, it would l>e to teU Mm his fate. If be rewlves to venture upon tbe dauMrone 

& he tolls the ^iti* mankind 5 to mods U payt <fo f>oto-neither to give nwto take awxtee. 

less; and this U the coZi yJdf ® ^ n«rtyrdom on both side., then he may go on fter 
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Kews- Manchester, Sept, 22 . — Last Thursday, about four in the morn- 

papers. ing, the heads of Thomas Siddal and Thomas Deacon were fixed upon 
the Exchange. Great numbers have been to view them ; and yester- 
day, betwixt eight and nine in the morning. Dr Deacon, a non-jur- 
ing, priest, and father to one of them, made a full stop near the Ex- 
change, and, looking up at the heads, pulled off his hat, and made a 
bow to them with great reverence. He afterwards stood some time 
looking at them.” 

The incident here recorded was but the spark which 
fell amidst a large accumulation of combustible matter. 
Party feeling was at that period in an especial state of ex- 
citement in Lancashire ; and the paper war which followed 
afforded matter enough for a volume, under the title of 
Manchester Vindicated: Being a complete Collection of 
all the Papers recently published in Defence of that Town 
in the Chester CouranL 

The Man- Thirty years later, the American revolution rekindled 

Chester J bigotry of faction, beneath the mask of patriotism, 

with even more than its former fierceness. At this period 
American Manchester Mercury published special supplements 
war. from time to time, as intelligence came from the seat of 
war; and whenever the news was unfavourable to the 


started on the 31st March 1792, as the advocate of moderate News- 
reform, was partially destroyed by a mob in the month of papers. 
December following ; the local authorities of the town 
standing by and applauding the act ; and the paper itself 
ceased to appear in Mai'ch 1793. The York Other Bug- 

dates its first appearance in 1719; The papers 

Mercury and The Salisbury Journal date from 
The Gloucester Journal from 1722; The Reading Mer-^^' 
cury from 1723 ; The Chester Courant (already men- 
tioned) and The Chelmtford Chronicle 1730; The 
Kendal Courant appeared in 1731 ; The Derby Mercury 
dates from 1732 ; The Sherborne Mercury (now called 
The Western Flying Post) from 1736 ; The Her^ord 
Journal from 1739 ; Arises Birmingham Gazette from 
1 741 ; The Bath Journal from 1742 ; and The Cambridge 
Chronicle from 1748. The total number of existing pro- 
vincial newspapers, the first publication of which is prior to 
1750, is eighteen. Twenty-nine others have dates which 
range between the years 1750 and 1790. Most other 
country papers date their origin subsequently to the middle 
of the last century. 


Americans, prefixed headings to the supplements, which 
served the double purpose of exulting in their defeat and 
exciting popular hatred against such of the townsmen as 
were known, or supposed, to regard the colonists in the light 
of an injured people. Thus, on the 7th January 1777, an 
extra sheet was published, entitled “No. 1312. — A New 
Yearns Gift for all true lovers of their King and Country, 
and a Receipt in full to the most wicked, daring, and un- 
natural Rebellion that ever disgraced the Annals of History, 
fomented and abetted by a Junto of Republicans on this 
side the Atlantic, Joseph Harrop, printer of the Man- 
chester Mercury, with unspeakable pleasure again presents 
his friends, gratis, with the following London Gazette 
Extraordinary f See. In the next paper this paragraph was 
inserted: — - 

We are assured by a gentleman just arrived from America, that 
when WashingibcQ found bimself reduced to the necessity of quit- 
ting his strong entoenchm^ents'nearjKing’s Bridge, he d,epl|ir®5 that 
all was over with the colonies, and dropped sc|ine intimatioiji of not 
'Wishing to survive tltd* misfortunes of the day. V ‘ . ‘Mr Washing- 
ton, notwithstanding his amtour With Mrs Gibbons, is, We hear, 
marric^ to a very aimlable lady ; blit it is said that Mrs Washing- 
ton,, being a warip. loyalist, JuLa been separated from the General 
since the commencement of «the present troubles, and lives very 
much respected in the c^ty of New York.” , . 

The next supplement begins .thus: — “Ye republican 
fomenters and abettors of rebellion, blush and tremble ,at 


The Times is Usually dated from the 1st of January Origin of 
1788, but was really commenced on the 18th January ®i“®® 
1785, under the title of The London Daily Universal^^^^^^"^^^* 
Register, printed logograpMcally, This “ word-printing 
process had been invented by a person named Henry Johnson's 
Johnson several years before, and is the subject of two patents for 
patents, bearing date, respectively, 9th November 
and 16th October 1780. The first of these is described 
as a “method of printing with types or figures so connected 
hs to prevent the possibility of error in all business where 
figures are used, particularly in taking down the numbers 
of blanks and prizes in the lottery." The second is de- 
scribed as a “ method of casting and moulding types for the 
purpose of composing by or with entire words, with several 
words combine^ with sentences, and, syllables^ and figur,es 
combined,; instead of the usual method of compqsing ^and 
..printiiig with *single-Jetters 5 " &g. These patSkits were 
Jolmson’fi; . but the 'invention was eagerly taken up by Mr ■ 

.Walter (liimself a printer), who was sanguine of its success. 

His Daily Register contained four pages, was printed on a 
hal^enny stamp, and was at first sold for twopence^half- 
peimy, afterwards for threepence. In Nos. 510 and- 511 
Mr Walter made a long address to the public on the ad- 
vantages of the logographic plan, and of the obstacles it had 
encountered. “ Embarked in a business," he writes, “ into 


you,r deeds." And another : — The hour is now approach- 
ing when all those vile republican miscreants, as well on 
this as on the, other side the Atlantic (who have fomented 
... a most wicked and horrid rebellion against the best of 
kings and the best of ministers),, must answer for all their 
mal-practices," &c. . , . 

Nor did the utter failure of these predictions teach the 
conductors or the patrons of the Mercury the wisdom of 
moderation. The same , paper, under the same manage- 
ment, fostered the “Church and King" mobs of 1792; 
incited innkeepers to put up boards bearing the words, 
“ No JTacobins admitted here and denounced all opposi- 
tion to the government of the day as seditious and treason- 
able. When these frantic counsels had home their«natural 
fruit of 'outrage on the property and persons of reformers, 
the Mercury defended the criminals, and those who had 
failed to put the law in force against them, in these words : 
— “ The fact, stands thus : If any man, at such a crisis as 
this, will publicly make use^of ’ expressions inimical to the 
Wellbeing of the goYCrnmeht'^ undeif ^which he lives, the 
conkquehce cannot b6 '^arreslrfv by.’ the best-regulated 
police, because it w*ill*,b'(rf ^‘ At this' time; Man- 

dh^ster "possessed no papfer bf any i^ltSide df liberalism. The 
prmting-ofiice of the befen 


which I entered a mere novice, .... want of experience 
laid me open to many and gross impositions ; and I have 
been severely injured by the inattention, ignorance, and 
neglect of others. These reasons, though they will not 
excuse, will account for and palliate the errors .... of 
the logographic press," &c. And he proceeds to state that 
the impediments thrown in his way, by the typefounders in 
particular, were such as to oblige him to erect a foundry for 
himself. In short, it is the old story of all inventors, dif- 
ferenced in this case from many others by the circumstance, 
that here there were difficulties in the way of ultimate and 
permanent success which seem to have been really insu- 
perable. 

Another obstacle in Mr Walter^s path will be best de- 
scribed in his own words 

“ The Vnimrsal Re^igier lias been, a name as injurious to the The Daily 
logographic weit/irpayfif, as* Tristram- ww to Mr Shandy's son. Universal 
But old Shandy forgot he might haVe rectified by confirmation Begister 
Hie mistake of tho' pax^^'at baptfelaP^ivith the touch of a bishop chfiuoged 
iTiave^ altered 'Ti^strnim to ' Trismegestus. ' The' llnimtsal Register, into 
th^ djays its first/appearance to ,tke day of its .confirmation, Times. 
has/U)^ ^^straxD, su|rerjed from unusuajjl casusdties, l^oth laughable 
andferious, arising from its name, -which, on its introduction, was 
"imme’iately ouftiiiled of its fair proportion by all who calBd'for 
it, — the word Unitersal being universally omitted, and the word 
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Regitter being only retained. ‘ Boy, bring me the iJeytW The 
waiter answers, ‘ Sir, we have not a library, bat you may see it 
I at the New Exchange Coffee-House.’ ‘ Then, 1 11 see it there,’ an- 
swers the disappointed politician ; and he goes to the hi ew Ex- 
change, and calls for the Jieffister, upon which the waiter tells him 
that he cannot have it, as he is not a subscriber, and [or?] presents 
him with the Court and City Register, the Old Annual Register, or 

the New Annual Register For these and other reasons, the 

parents of the Universal Register have added to its original name 
that of the Times, which, being a monosyllable, bids defiance to 
corrupters and mutilators of the language.^ {The Times, or Daily 
printed logographically .... for J. Walter, at 
the Logographic Press, Printing-House Square, &c. lS"‘o. 1, 1st 
January, 1788.) 

Within two years Mr Walter had his share in the 
Georgian persecutions of the press, by successive sentences 
to three fines and to three several imprisonments in New- 
gate, chiefly for having stated that the Prince of Wales and 
the dukes of York and Clarence had so misconducted them- 
selves ‘‘ as to incur the just disapprobation of his Majesty.” 
In 1803 he transferred the management of the journal to 
his son, the late Mr Walter (together with the joint pro- 
prietorship), by whom, as is well known, it was carried on 
with remarkable energy and consummate tact. To Lord 
Sidmouth’s government he gave a general but independent 
support. That of Mr Pitt, which succeeded, he opposed, 
especially on the questions of the Catamaran expedition 
and the malversation of Lord Melville. This opposition 
was characteristically resented by depriving the elder Mr 
Walter of the printing of the Customs department, which 
he had performed for eighteen years ; by the withdrawal of 
government advertisements from the Times ; and by the 
systematic detention at the outports of the foreign intelli- 


A P E R s. 

gence addressed to its editor. Mr Walter, however, was News- 
strong and resolute enough to brave the government, and papers, 
to beat it. He organized a better system of news trans- 
mission than had ever before existed- He introduced 
steam-printing, and repeatedly improved its mechanism ; The Times' 
and although machines which now print 12,000 sheets in steam 
the hour may seem to thrust into insignificance a press ofP*’i*^tiag* 
which it was at first announced as a notable triumph that 
the new machine performed its task “with such a ve- 
locity and simultaneousness of movement, that no less than 
1100 sheets are impressed in one hour;” yet Mr Walter’s 
assertion was none the less true, that the Times of 29th 
November 1814 “presented to the public the practical 
result of the greatest improvement connected with printing 
since the discovery of the art itself.” 

The effort to secure for the Times the best attainable Growth of 
literary talent in all departments kept at least an equal pace the circu- 
with those which were directed towards the improvement , 

of its mechanical resources. And thus it has come to pass 
that a circulation which did not, even in 1815, exceed on 
the average 5000 copies, became, in 1834, 10,000; in 
1844, 23,000; in 1851, 40,000 ; and in 1854, 51,648. In 
the year last named, the Morning Advertiser^ the most 
popular of its daily contemporaries, attained an average cir- 
culation of but 7668 ; whilst that of the Daih/ Neivs was 
but 4160; that of the Morning Herald, 3712; of the 
Morning Chronicle^ 2800 ; and of the Morning Post, 

2667. But this extraordinary fact will be best appreciated 
if the average daily circulation of the Times, for a few 
years past, be compared with that of all its daily contem- 
poraries of the London press collectively : — 



Year 1846. 

1847. 

1848. 

European 

Bevolution. 

1849. 

1850. 

1851. 

1851 

1858. 

im, 

W«r. 

The Times 

28,594 

38,999 

29,409 

33,946 

35,226 

34,558 

36,102 

38,019 

24,116 

40,081 

30,266 

49,384 

29,880 

44,578 

28,768 

51,648 

26,268 

Aggregate of the other Daily Morning Papers 

25,347 

Total average circulation of Daily Morn- 1 
ing Papers J | 

G7,693 

63,364 

69,783 

61,449 

62,135 

70,347 

71,964 

73,346 

77,916 


The Times Of the many curious incidents which occur in the public 
and the history of the Times, one only can here be mentioned. 
al bankin honourable to journalism, and has been too 

forgerieTof results to the community, to be passed over. 

1840. In 1840, the then Paris correspondent of this paper (Mr 
O’Reilly) obtained information respecting a gigantic 
scheme of forgery which had been planned in France, to- 
gether with particulars of the examination at Antwerp of 
ii minor agent in the conspiracy, who had been there, almost 
by chance, arrested. All that he could collect on the sub- 
ject, including the names of the chief conspirators, was pub- 
lished by the Times on the 26th of May in that year, under 
the heading, “ Extraordinary and Extensive Forgery and 
Swindling Conspiracy on the Continent (Private Corre- 
spondence).” The project contemplated the almost simul- 
taneous presentation, at the chief banking-houses through- 
out the Continent, of forged letters of credit, purporting to 
be those of Glyn and Company, to a very large amount; 
and its failure appears to have been in a great degree 
owing to the exertions made, and the heavy responsibility 
assumed, by the Times, One of the persons implicated 
brought an action for libel against the printer, which was 
tried at Croydon in August 1841, with a verdict for the 
plaintiff, one farthing damages, A subscription towards 
defraying the heavy expenses (amounting to more than 
L.5000) which the Times had incurred, was speedily opened, 
but the proprietors declined to profit by it ; and ultimately 
it was determined, that of the sum (L.2625) which had 
been ra^ed,^ amount not exceeding one hundred and 
fifty guineas should be expended on two commemorative 
tablets, — the one to be placed in the Times ofifice, and the 
other in the Royal Exchange ; the remainder of the money 


being funded, and the dividends applied to the support of two 
“ Time^ scholarships,” in connection with Christ’s Hospi- ’The Times 
tal and the City of London School, for the benefit of pupils 
proceeding thence to the universities of Oxford or Cam- 
bridge. This scheme was carried into efiect in 1842. 

For upwards of sixty years from the establishment of the Repeated 
Times, only one of the many attempts that were made to failures of 
found a new daily paper in London was succc-ssful. The 
most conspicuous failures were those of the New Times 
(started by Dr Stoddart, better known as “ Dr Slop”) ; of 
the Representative (in which the late Mr John Murray daily pa- 
risked and lost a very large sura) ; and of the Ccmiiiu- pars. 
tional (originated by a joint-stock 8ubscri[)tion, under the 
title of “ The Metropolitan Newspaper Conjpany”). All 
these failures were complete, notwitlistanding that neither 
talent, industry, nor money seems to have been wanting to 
give the new papers a fair start. Of the latter, indeed, 
about L.50,000 was lost in these three unsuccessful attempts. 

The stamp may have had its influence in promoting these 
miscarriages, but the main cause of them lay in the unre- 
mitting energy, the wide foremt, and the practical wisdom 
with which their most formidable rival provided for and 
anticipated the wants of the public. The lesson is an in- 
structive one, well deserving to be thoroughly studied by 
all whom it may concern. 

In the exceptional case, that of the M&rmng Advertiser, 
the new paper attained commercial success by reason of its 
special character, as being at once the representative of the Adw 
interests and of the charities of the Licensed Victuallers- tlser. 
Every publican who subscribed to it had his share in 
profits. The subsequent success of the JDaify Nem (the Dwly 
first number of which appeared in 1846), after a long and News- 
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l^ews- severe struggle, has been mainly due to the ready skill with 
papers, which it corrected its early blunders, and turned them to 
future account. Its literary staff was strong, and its enter- 
prise, especially in relation to the early obtainment of foreign 
news, remarkable. For a time, too, it offered to the public 
a tolerably complete newspaper for twopence-halfpenny ; 
but under the then existing circumstances this could not 
continue. In January 1847 the price was raised to three- 
pence, and at this price it reached a daily sale at one time 
of 23,000 copies, and managed for a while to hold its own 
against a formidable combination of rivals. In February 
1849 it resumed its original size, and was sold at the usual 
price of fivepence. Its average sale in 1854 was (as we 
have seen) only 4160. But it has always held a highly 
respectable place in the ranks of metropolitan journalism. 

London possessed no daily evening paper until 1788, 
nor did any evening paper attain an important position 
until the period of the war with Napoleon, w'hen the 
Courier became the newspaper of the day. During the 
last three year^ of that war its average daily circulation 
reached 8000 copFes. After the peace its popularity de- 
clined, and eventually a total change in its politics completed 
its ruin. The Globe BXidiihe Sun, as independent papers, and 
the Express and the Evening Mail, as offshoots respectively 
t)f the Daily News and of the Times, are now the principal 
journals of their class. 

The London weekly press has always worn a motley 
garb. In its ranks are to be found some of the most worth- 
less newspapers and some of the best. Weekly publication 
facilitates the individuality of a journal, both as respects 
its editorship, and as respects the class of readers to which 
it more especially addresses itself. From the days of Daniel 
Defoe to those of Albany Fonblanque and Eobert Ein- 
toul, there have always been newspapers bearing the un- 
mistakeable impress of an individual mind. And this char- 
acteristic quality, whilst it has strengthened and deepened 
the influence of good journals, has also, of necessity, in- 
creased the temporary power of bad journals. When to 
great force of character in the writer and its natural result, 
an almost personal intimacy between writer and reader, 
governments have been unwise enough to add the strength 
which inevitably grows out of persecution, the combination 
might well prove a formidable one. Cobbett’s Weekly Re-- 
gister affords perhaps as striking an illustration of journalism, 
in its greatness and in its meanness, as could be culled from 
its entire annals since a newspaper was first issued. 

Tobtett’s When Cobbett commenced his Political Register in the 
Weekly year 1802, its plan was very different from that which he 
Register, ultimately adopted. The author was at first chiefly anxious 
to make his work a good repertory of state papers ; but 
his point of view soon changed. What had been intended 
as a storehouse of materials for the future historian became 
a record of the varying moods of mind under which a 
man of remarkable powers regarded the passing events of 
the day. The extraordinary success of the paper was 
mainly owing to the vividness with which these impressions 
were recorded ; to the clear and vigorous English, racy of 
the soil, in which they were clothed ; and, above all, to the 
evidence it carried on its face that the writer, whatever his 
other faults, was not to be bribed, and that he meant what 
he said — at least whilst he was saying it. Egotism bej^ond 
all precedent, hatreds the most vindictive, and inconsis- 
tencies so numerous, that after a time opponents ceased to 
take note of them, were qualities in this paper so apparent 
that he who ran might read ; and three-fourths perhaps of 
the topics which came under notice were discussed with a 
lack of information and a shallowness of thought that were 
quite as striking as was the blaze of light in which the 
writer placed the remaining fourth. To William Cobbett 
no question was so difiicult, and no name so sacred, as to 
call for modest or reverent silence. Of reverence, in truth, • 


he had none. Cobbetfs French Grammar seemed to him News- 
a greater work than the Paradise Lost ; and the chief im- papers, 
pression he derived from the writings of Addison was, that 
they afforded copious examples of faulty syntax. To him 
all subjects were almost equally welcome, were handled 
with like confidence, and afforded similar opportunities for 
bitter personality and fierce invective. Yet the Weekly 
Political Register maintained a popularity that was almost 
unexampled. Cobbett carried it on during thirty-three years, 
and amidst all varieties of fortune. Whether he was at 
home or on his travels, a prisoner in Newgate or an exile 
in America, the work went steadily on, until it had filled 
88 volumes, and then his labour ceased but with his life. 

He owed to it an influence that was co-extensive with the 
empire, and that made his name a household word at the 
hearths of tens of thousands who had never set eyes upon 
him. But if it be asked, what was the real outcome of Effect of 
all this rare energy and untiring industry, in the way of tbe Weekly 
enlightening and elevating that numerous public whose 
ear it had gained, a truthful answer will be a sad one. 

Here and there it set a-thinking men who had capacity history of 
enough to seek further and better instruction elsewhere ; Chartism, 
but to a large proportion of its readers, Register became 
a sort of political gospel. Nor is it uncharitable to say, that 
some of the worst excesses of “ Chartism ” — its bigotry and 
rancour, its short-sighted obstruction of social improvements, 
and its obstinate pursuit of courses leading to riot and out- 
rage — are partly ascribable to the one-sided teachings 
and the frantic violence of the Weekly Register. Mis- 
government, indeed, was the seed-plot ; but these were po- 
tent fertilizers. Whatever else may have been wanting to 
insure a large crop was amply afforded by the results of the 
pertinacious maintenance of the newspaper stamp, and of 
those other impediments which then so thickly studded the 
path of every temperate and truth-loving writer who sought 
to address himself to the masses of his countrymen, without 
either flattering their vanity or exciting their passions. 

The manifest incongruity between the maintenance of The un- 
‘‘ taxes on knowledge" and the pretensions of a reforming stamped 
government, gave a strong impulse to the violation of the law. ^ 

Between the years 1831 and 1835 many scores of 
stamped newspapers made their appearance. Poor MarCs ^ 
Guardians, Twopenny Dispatches, Destructives, Peoples 
Conservatives, London Democrats, and a host of other penny 
and halfpenny papers swarmed from presses tliat seemed 
to rival, in their mysterious itinerancy and sudden vanishings, 
the famous Marprelate press of the sixteenth century. The 
political tone of most of them was fiercely revolutionary. 

Some of them taught Maraf s doctrine that the shortest and 
surest path to political amelioration lies through a sea of 
blood. Those of the latter class were characterized by 
Lord Brougham (when under examination in a committee 
of the House of Commons on the libel law), as competing 
one with the other in the ferocity of their writings. “ Where 
one,” he says, charged public characters with all offences, 
another recommended their extirpation ; where one main- 
tained the lawfulness of rebellion, another maintained the 
propriety of assassination.” Prosecution after prosecution 
failed to suppress the obnoxious publications. The total 
number of such prosecutions exceeded 700, and nearly 
500 persons suffered imprisonment in the course of them. 

But the law continued to be systematically broken. 

To Sir Edward Bulwer Lytton is due the credit of having Reduction 
grappled with this question in tlie House of Commons, in of the 
a manner which secured the speedy reduction of the tax from 
fourpence to a penny, and paved the way towards its sub- 
sequent tliough long-delayed abolition. This reduction ^ * 
took effect on the 15th September 1836. At that date the 
number of newspapers stamped in Great Britain and Ire- 
land was about 36,000,000 in the year, and the gross amount 
’ of duty upwards of L.553,000. Of this sum English news- 
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mws- papers paid ^473, 910; Scottish newspapers, L.47,999; 
papers, and Irish newspapers, L.3 1,287. In the year ending 5th 
January 1838, the first financial year during the whole of 
which the reduced duty was in operation, the number of 
Kumber of stamps issued throughout the United Kingdom was raised 
stamps, and to 53,897,926, and the gross amount of the duty w-as re- 
amount of duced to L.223,42o, 10s. lid. Of this sum English news- 
papers paid L.l 82,998, 3s. 2d.; Scottish newspapers, 
the xeduc- L.18,67l, 13s. 3d. ; and Irish newspapers, L.21, 755, 14s. 6d. 
tion in In. the year ending 5th January 1849, the number of stamps 
had risen to 86,465,684, and the gross amount of duty was 
L.360,273, I2s. Finally, in the year ending 5th January 
1855, the number of stamps issued to newspapers, exclusive 
of price-currents, &c., at the rate of one penny, — to which 
rate the parliamentary return before us is limited, — ^was 


107,052,053, and the gross amount of duty thereon, 
L.446,050, The details are as follows : — - 


1836. 


United Kingdom. 

Number of 
Newspapers 
stamped. 

Aggregate No. of 
Id. Stamps issnod 
to Newspapers. 

Gross Amount of 
Duty thereon. 

England 

412 

87,930,085 

1. 9 . 

366,376 7 1 

Wales 

21 

1,107,434 

4,614 6 2 

Scotland 

102 

9,112,246 

37,967 13 9 

Ireland..... 

108 

8,902,289 

37,092 17 5 

Total 

643 

107,052,063 ' 

446,060 4, 5 


Kewa. 

papers. 


At the date of this return (January 1855), the relative 
consumption of ordinary stamps, and the average circular 
tion of the principal newspapers, stood respectively thus 


HelatiVG 
circulation 
of tbeprin- 

Name of Newspaper. 

Date of 
Establish- 
ment. 

Periods of Publication 
in 1865. 

Politics. 

No. of Penny 
Stamps in 18H. 

Average 
Circulation 
in 1854. 

cipal news- 
papers in 
1854. 

1. Times — [See also Evening Mail] 

1785 

Daily 

Weekly 

Do. 

Liberal 

15,975,739 

51,040 

2. News of the World 

1843 

Do. 

5,673,525 

109,106 

3. Illustrated London News 

1842 

Do. 

5,627,866 

108,228 


4, Lloyd^s Weekly Newspaper 

1842 

Do. 

Democratic 

5,672,897 

107,171 


6. Weekly Times 

1847 

Do 

Liberal 

3;902,169 

75,041 


6. Reynolds’ WfipTrly Newspaper 

1850 

Weekly 

Daily 

Weekly 

Daily 

Weekly 

Daily 

Twice a week 

Democratic 

2,496.256 

48,005 


7. Morning Advertiser 

1794 

Liberal 

2,392,780 

1,982,933 

7,644 


8. Dispatch 

1801 

Do. 

38,133 


9. Daily News 

1846 

Do. 

1,485,099 

4,744 


10. Bell’s Life in London 

1820 

Do. 

1,161,000 

22,326 


11. Morning Herald 

1781 

Conservative 

1,158,000 

3,699 


1 % Manchestex (InaT^^ian 

1821 

Liberal 

1,066,575 

10,255 


1.3- Diihlin Telegraph 

1852 

Weekly 

Four times a week 

Do. 

969,000 

18,442 


14. Liverpool Mercury 

1811 

Do. 

912,000 

4,384 


1.5- Morning OhroTiiole 

1770 

1803 

Daily 

Do. 

Conservative 

873,500 

2,790 

2,715 


16. Globe 

Liberal 

860,000 


17. Express 

1846 

Do. 

Do. 

841,341 

2,688 


18. Morning Post 

1772 

Do. 

Conservative 

832,500 

2,659 


19. Sun 

1792 

Do. 

Liberal 

825,000 

2,636 


20. North British Advertiser (Edinburgh) 

21- Evening Mail 

1826 

1789 

Weekly 

Three times a week 

Neutral 

Liberal 

802,000 

800,000 

15,423 

5,128 

2,416 

2,391 


22. Saunders’ News-Letter (Dublin) 

1746 

Daily 

Do. 

Neutral 

756,000 


23. Dublin Daily Express 

1851 

Conservative 

748,500 


24. Leeds Mercury 

1718 

Twice a week 

Liberal 

735,500 ' 
727,000 ! 

7,072 


25. Glasgow Saturday Post 

1830 

Weekly 

Do. 

Do. 

13,980 
13, 2, <50 
6,257 


26. Stamford Mercury 

1695 

Do. 

689,000 


27. Birmingham Journal 

1825 

Twice a week 

Do. 

, 650,750 

636,000 


28. Manchester Examiner and Times 

1846 

Do. 

Do. 

6,116 

2,019 


29. Shipping and Mercantile Gazette 

1836 

Daily 

Weg^ly 

Do. 

Neutral 

628,000 


80. Bell’s Weekly Messenger 

1796 

Conservative 

82*)', 500 

12,(»8 


31. Dublin General Advertiser 

1837 

1847 

1803 

Neutral 

598,000 

IX, 500 
1,805 
3,471 
i,53:j 
8,185 
8,105 
4,035 


32. North British Mail (Glasgow) 

Daiiy 

Three times a week 

Liberal 

565.000 

541.500 

480.000 
425,633 

421.500 

420.000 

419.000 

417.000 

415.000 

369.000 


33. Glasgow Herald .1 

Conservative 


34. Dublin Freeman’s Journal 

1763 

Daily 

Weekly 

^Do. 

Twice a week 

Liberal 


35. Staffordshire Advertiser 

1795 

1833 

1655 

Neutral 


36. Leeds Times...... 

Liberal 

Neutral 


37. London Gazette 


38. Observer 

1792 
1827 i 
1761 
1817 
1840 

Weekly 

Daily 

Three times a week 

Liberal 

Conservative 

Do. 

8,057 

1,332 

7.880 

3,451 

2,865 

4,780 

2,730 


39. Standard 


40. St James’s Chronicle 


41. Scotsman (Edinburgh) 

Twice a week 

Do. 

Weekly 

Do. 

Liberal 

Do. 


42. Witness „ 

297,000 

248,560 

142,000 


43. Examiner 

1808 

1828 

Do. 

Do. 


44. Spectator 


Final re- The penny stamp, so far as it was compulsory, was at 
entirely repealed by an act of Parliament, which re- 
stamp-duty assent on the 15th of June 1855. Mr Milner 

in 1865* ^ Gibson had, in the previous session, carried a resolution of 
the Hduse of Commons affirming “ that it is the opinion of 
this House that the laws in reference to the periodical press 
and newspaper stamp are ill defined and unequally enforced; 
and it appears to this House that the subject demands the 
early consideration of Parliament.’^ This resolution neces- 
sarily brought the subject under the attention of the go- 
vernment, and especially of Mr Gladstone, then chancellor 


of tlie exchequer. That minister did not retain office long 
enough to introduce his measure into Parliament ; but his 
successor took up the bill he had prepared, and with some 
modification carried it into a law. It confinued to be pw- 
ticable to stamp newspapers for transmission by post; and 
in respect of all newspapers any part of the impression of 
which should be so stamped, the existing regulations as to 
the dedaration, registration, and recognisances of newspaper 
proprietors remained in force. In the course of the debates 
the chancellor of the exchequer acknowledged that the 
question had become ^‘not simply a question whether we 
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News- shall retain or shall not retain a revenue of L.200,000/’ — 
papers, (this was said on the assumption that about one-half of the 
net revenue arising frpm the stamp would continue to be 
received), — “ but it is whether we shall enter upon a cru- 
sade against a large portion of the existing newspaper press, 
for the sake of enforcing a law which can only be enforced by 
means of the verdicts of juries, which are somewhat doubtful 
in their result.” Mr Drummond amused the House after his 
fashion with a summary of the history of the newspaper 
press, as it shaped itself to his fancy, in the course of which 
he said that the writers in the Times “ reminded him a good 
deal wliat they called on board ship a ‘ handy-billy/ — 
a taqkie fhat' c&iiie in* iipfin aU occasions ‘whenever it was 
wanted dn& aTso,' ‘^'of a%it of bog he had near a farm of 

hisj'fHe pitce thought^ of draining it, and asked the opinion 
of die#rraer, who replied,— ? No, no ! don’t drain it ; in wet 
ive^thef there’s something for the cow; and if there’s no- 
thing for. ihd cow, there’s something for the pig; and' if there’s 
pothing fbr the pig, there’s something for the goose.’ So it 
was ‘with the Times; if there Was nothing in it for one 
man, there was sure to be something for another.” In the 
division at the second reading, taken on an amendment 
professedly for delay, but substantially intended to defeat 
the measure, the ayes were 215, the noes 161, the majo- 
rity 54. In the House of Lords no division took place ; 
Lord Mont- but Lord Monteagle recorded a protest against the bill, 
eagle's pro- grounded partly on fiscal objections, and partly on the as- 
test against sertion that the proposed remission, “so far from being 
the repeal, sought for as a relief to the class of newspaper proprietors 
whose interests are primarily involved in the question, is, 
on the contrary, earnestly deprecated by them as being 
likely to lead, through an unjust and unchecked piracy, to the 
depteciation of their capital and the sacrifice of their com- 


mercial interests.” It was pertinently rejoined by Lord 
Canning : — “ This in no way affects the justice of the ques- 
tion. It will be remembered that not many shipowners 
petitioned for the alteration of the navigation laws, nor 
many farmers for the repeal of the corn laws.” 

Thus was struck out from the statute-book a law which 
had been thrust upon it at a time of unusual excitement, in 
opposition to the counsels of the best statesmen of the day, 
but which, nevertheless, continued in force for a hundred and 
forty- three years. During that long term it uniformly showed 
itself to be potent for mischief, and powerless for good. Any 
period of unusual stringency in the execution of it was in- 
variably marked by rampant misgovernment, crowded gaols, 
and Wide-spread discontent. At length the contrast between 
professions of anxiety for the promotion of popular educa- 
tion, and an obstinate perseverance in impeding the pro- 
gress of one of the most efficient of popular educators, be- 
came too glaring to be longer endured. It deserves to be 
remembered, that at this final stage, although there was a 
formidable array of maintainers of the stamp, not one of 
the number was bold enough to avow any sympathy with 
the reasons for supporting it which had so often, been can- 
didly asserted by writers like L’Estrange, and by statesmen 
like North and Pitt. In these days no politician has either 
fear or dislike of an unshackled press. His only alarm is, 
lest in losing its fetters, it should lose its character. 

The interval since the repeal is as yet too brief to afford 
materials for any satisfactory estimate even of the imme- 
diate results. We close this section of the subject, there- 
fore, with a brief statistical statement of the present posi- 
tion of the British newspaper press; first, however, pre- 
fixing a tabular summary of the operation of the stamp 
duty at various periods of its existence. 


Year, 


1755 

'1790 

.mi, 

TS06 

im 

1814 

1815 ^ 

1816 

1817 

1818 

1819 

1820 

1825 

1826 
1828 

1829 

1830 

1831 

1832 

1834 

1835 

1836 

1837 

1838 

1839 

1841 

1842 

1843 

1844 

1845 

1846 

1847 

1848 

1849 
1851 
1862 
1854 
1856 


Population at the Decennial 
Periods of the Census. 


id, 6jl8?,366 

•o... 6,479,730 

Po..; .8,340,738] 

|GreatJ5rife, 10,942,616 

, 'Po., ..".‘.',12,696,803 


trnit.King., 21'.272,18V 


‘ Do 21,392;483 


Chief Political Events or Topics of the 
Year. 


French Bevolution 

War with Napoleon 

’ , Do. 

' ' ’ Do. ' 

Deftat of Napoleon 

. Waterloo campaign 

Congress of Vienna 

I Discontent in England.. 
I Peterloo massacre 


.Number of Stamps Issued. 


England. 


{ 

Great Britain. 


Trial of Queen Caroline 

Catholic Association 

Commercial distress 

I Catholic emancipation 

French Revolution of July 
J- Reform Bill agitation 


Peel- Wellington administration .... 
Stamp duty reduced Sept. 16i to Id. 
First year of penny stamp..., 

Chartist agitation 


39,423,200 

Great Britain ^ 63,897,926 
and Ireland. 53,680,880 

^0 27,036,460 ( _ ' ” | | 60,759,392 

62,651,342 

65,074,219 
69,054,067 
78,586,650 
83,074,638 
82,380,876 

86,465,684 

^ , , , , 84,069,472 

27,724,849 | | | | 91,600,000 

Amount of duty, L.421, 811 1 7 

War with Russia | | | 122,178,5011 

39,184,474 Optional dtamp. 

1 Ihelusive of prices current, trade lists, and of halQ^enny stamps for supplements. 


r Commencement of the systematic \ 
\ agitation of Corn Law repeal., j 

I Corn Law agitation 

Repeal of the Corn Laws.... 

Famine in Ireland 

{ French Revolution of February i 
European insurrections j 


f 7,411,767 
I 9,464,790 
1 14,0^5,639 
16,086,085 
20,632,793 
24,424,713 
26,308,003 
24,386,508 
22,060,354 
24,277,464 
24,718,641 
23,048,449 
29,387,843 
30,451,176 
30,453,666 
32,685,481 
32,989,884 
34,540,496 
37,713,068 
37,310,691 
34,748,922 
35,823,859 


Rate of Duty (Net). 


IJd. 

2d. 

3d. 

s’id. 


( Part of the year, 3Jd, 
\ From Sept. 16, Id. 


News- 

papers. 
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News- 

papers. 


Number of 
newspa- 
pers cur- 
rent in 
1857. 


The number of newspapers commenced from the early 
part of 1355, when the repeal of the stamp duty had be- 
come a certainty, although not actually accomplished, and 
which continued to be in existence at the beginning of 
1857, amounts to 107. Eighty of these were started in 
1855, and twenty-seven in 1856; twenty-six are metropo- 
litan, and eighty-one provincial- Of the latter, the majo- 
rity belong to towns which possessed no newspaper what- 
ever under the compulsory stamp act, and the price of 
nearly one-third of them is but a penny. In some cases, 
however, a portion of these new cheap papers is printed in 
London, usually with pictorial illustrations, and to this is 
added a local supplement containing the news of the district. 

The total number of the newspapers published through- 
out the United Kingdom at the beginning of 1857 was 711 ; 
and they may be classified as follows : — 


Postal 
transmifl- 
sion of 
newspa- 
pers in 
1855 and 
1856. 


Newspapers of 

England. 

n 

« 

Ta 

Scotland. 

Ireland. 

Isle of Man 
and Chan. 
Islands. 

Total. 

Metro. 

politan. 

Pro- 

vincial 

Liberal politics 

40 

134 

7 

66 

38 

4 

289 

Democratic „ 

3 

... 



... 


3 

Ooiiservative „ 

20 

90 

5 

16 

38 

*4 

173 

Neutral 

38 

131 

7 

30 

35 

5 

246 

Total number 

101 

355 

19 

112 

111 

13 

711 


If these existing newspapers be classified according to 
their respective dates of first publication, the enumeration 
will run thus : — 


Date of Publication. 

England. | 

Wales. 

Scot- 

land. 

Ire- 

land. 

Isle of 
Man. 

Total. 

liCetro. 

Prov. 

First pub. prior to year 1700 

1 

1 


2 

... 

• • • 

4 

tetw. 1701 & 1760 

... 

17 


2 

3 


22 


1751-60 

1 

2 



1 

• a • 

4 


1761-70 

2 

5 


i 

3 

... 

11 

i> 3> 

1771-80 

1 

6 


... 

4 

... 

11 

t9 *9 

1781- 90 

3 

9 


... 

... 

1 

13 

ft t1 

1791-1800 

6 

9 


3 



18 

It )l 

1801-10 

3 

14 

3 

6 

6 

... 

32 

ft 

1811-20 

2 

17 

•«. 

6 

4 

4 

33 

ft 9t 

1821-30 

7 

20 

1 

6 

13 

3 

49 

19 t} 

1831-40 

13 

60 

2 

16 

19 

1 

101 

It 9t 

1841-60 

27 

47 

4 

29 

27 

... 

134 

t» 9f 

1851-54 

10 

76 

3 

14 

12 

i 

116 

99 

1865 

13 

67 

4 

21 

9 

2 

116 

t9 »t 

1866 

12 

16 

2 

7 

3 

1 

40 

First publication uncertain. 

... 

... 

... 

... 

7 

... 

7 

Total number. 

101 

356 

19 

112 

111 

13 

711 


The decrease in the number of newspapers which passed 
through the post-office in the year 1855 (during exactly 
one-half of which the compulsory stamp had been abolished), 
amounted to about one-fourth of the aggregate number 
which had been posted in the preceding year. During 
the six months of the optional stamp the money received 
for impressed stamps w’-as about L.93,000, and that for 
postage stamps affixed on newspapers about L.25,000. 
In the year 1856 the number of newspapers which passed 
through the post-office was nearly 71,000,000, and of these 
about three-fourths bore the impressed stamp, and one- 
fourth was franked by the ordinary postage stam[)s. The 
total gross revenue was therefore about L.295,833. Prior 
to the abolition of the compulsory stamp the average weight 
of the newspapers passing through the post-office was three 
ounces and a half. It is now about two ounces and three- 
quarters. The reduction is due to the increase of the 
small and cheap papers. It is understood that The Times 
stamps about forty per cent, of its entire impression, the 
daily average of which exceeds 60,000, It need hardly be 
added that the alteration of the law, and the consequent 
multiplication of the cheaper newspppers, have ditninUbod 


neither the circulation nor the well-earned influence of the News- 
leading journal. papers. 

The establishment of a newspaper still remiires com- 
pliance with most of the regulations of the 6 and 7 Will. IV., Formali- 
c. 76. Notice must be given at the Inland Reven\ie Office 1^® 
in London, or at the district stamp-office in the country, of 
the contemplated publication, with particulars of(l.) title » estaWiah- 
(2.) precise locality of printing and publishing offices; (3.) mentofa 
names in full of printers and publishers; (4.) number of new jour- 
sliares held by each proprietor, if there be more than one, ^al, 
with their names, occupations, and places of abode. This 
declaration must be made by the proprietor or by the pro- 
prietors jointly, if not exceeding two ; if otherwise, then by 
the two largest shareholders. The security of two sureties 
(L.400 in London, L.300 in the country) is still required 
as a provision against the infraction of the libel law. 

Each paper must bear the printers and publisher's name 
as heretofore, and a copy must be depcisited at the stamp- 
office (for which payment is made). The impressed stamp 
carries the paper bearing it through the |)ost-office for any 
number of re-transmissions, if within fifteen days of publica- 
tion. Afterwards it is subject to the ordinary regulations 
of the book-post. To entitle newspapers to transmission 
to the colonies or to foreign countries, they must, in ad- 
dition to the payment of postage, according to the ordinary 
rates, be specially registered, and an annual fee of five 
shillings must be paid, which is due on the 15th June in 
each year. (Miscellaneous newspapers in the Burney and 
other collections of the British Museum; Kichoh^ Liierar^ 
Anecdotes of the EiglUeenth CerUurg^ iv. 33-97 ; Returns 
relating to Nevsspaper Stamps, 1836-1854; Report of the 
Select Committee on Newspaper Stamps^ 1850, passim; 

Watts, Letter to Antonio Panizzi, Esq*^ on the reputed 
English Mercury of 1588; Hansard's Parliamentary 
Debates, Sessions 1835, 1836, 1853, 1854, and 1855; 

Hunt, The Fourth Estate, passim ; Coleridge, Biographia 
Literaria, Supp. 392-395 ; Life of Edxoard Baines, 346, 
seq. ; Edinburgh Renew, Oct. i855, art. The Newspaper 
Press;” Mitchell, The Newspaper Press Directory, for 
1857, passim; Second and Third Rqiorts of the Post^ 
master- General, 1856, 19; 1857, 10, seq. ; Scott, Memoirs 
of Szvift, 130, seq.; First Report of the Commissioners 
on the Inland Revenue, 1857, 28 ; cxxiv.) 

II. — THE NEWSPAPERS OP THE TOTTED STATES OF AMFaiCA. 

Boston was the first city of America that po*<scsse(! a 
local newspaper ; but the earliest attempt in thai dire(‘- 
tion, made in September 1690, was suppressed by the autlio- 
rities. So far as is now known, the only copy of this pio- 
neer of the vast newspaper press of the United States which 
escaped destruction, is the copy that may still be seen in the 
State Paper Office in London. It is a smalt quarto sheet, 
one of the four pages of which is blank ; the other three 
contain a record of passing occurrences, not unlike the 
contemporary news of the English press ; and with little 
on the face of it to justify, in any sense, the assertion that 

it contained reflections of a very high nature.” Although , 
it purports to be “printed by Richard Pierce for Benjamin 
Harris,” it is probable that the latter was both printer and 
editor, as he had already been of a London paper, and was 
again at a subsequent period. Nearly fourteen years after- 
wards (April 24, 1704), the first number of the Bostm CumpHl 
News-Letter was “ printed by B. Green, and sold by Ni- 
cholas Boone but its proprietor and editor — so far as it 
can be said to have had an editor, for extracts from the ^ 
London papers were its staple contents — was John Camj)- 
bell, postmaster of the town. In 1719 he enlarged his 
imper, in order, as he told his readers, “to make the news 
newer and more acceptable ; . . . . whereby that which 
seem'd oW in the former half^shee^t^eonmes new nw by 
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News- the sheet This time twelvemonth we were thir- 

papers. teen months behind with the foreign news beyond Great 
Britain [or, in other words, the attention of the Bostonian 
politicians was engrossed on the siege of Belgrade, when 
their contemporaries in the mother country were intent on 
the destruction of the Spanish fleet on the coast of Sicily] ; 
* and now less than five months ; so that .... we have retrieved 


established the Pennsylvania Gazette, which he continued 
weekly until 1765. But for his subsequent fame, both of 
these papers would perhaps have been utterly forgotten, 
although their pages might afford useful contributions 
towards a knowledge of the manners and condition of 
New England in that day. 

To the Boston Gazette and the Courant succeeded 



about eight months since January last and he encourages 
his subscribers with the assurance that if they will continue 
steady “ until January next, life permitted, they will be ac- 
commodated with all the news of Europe .... that are 
needful to be known in these parts.” But Campbell’s new 
plans were soon disturbed by the loss of his office, and the 
commencement of a new journal by his successor in the 
postmastership, William Brobker, entitled the Boston Ga- 
zette, ‘‘published by authority” (No. 1, 21st December 
1719). The old journalist had a bitter controversy with 
his rival, but at the end of the year 1722, relinquished his 
Green’s concern in the paper to Benjamin Green, by whom it was 
editorship carried on with higher aims and greater success. The fol- 
of Bos- lowing passage from an address to his readers (7th March 
L^ter.^^* 1723), may deserve quotation : — 

** The design of this paper is not merely to amuse the reader, 
much less to gratify any ill-tempers by reproach or ridicule, to pro- 
mote contention, or espouse any party among us. The publisher, 
on the contrary, laments our unhappy and dangerous divisions, 
and he would always approve himself as a peaceable friend and 

servant to all He longs for the blissful times when wars 

shall cease to the end of the earth The publisher would 

therefore strive to oblige all his readers by publishing those trans- 
actions that have no relation to any of our quarrels. For this end 
he proposes to extend his paper to the history of nature among us, 

as well as of political and foreign affairs That so this paper 

may in some degree serve for PhilosopMcal Transactions of New 
England^ as well as for a political history 5 and the things worthy 
of recording in this, as well as in other parts of the world, may not 
proceed to sink into eternal oblivion, as they have done in all the 
past ages of the aboriginal and ancient inhabitants.’’ 

Green conducted the paper until his death, at the close 
of 1733, and was succeeded by his son-in-law, John Draper, 
who published it until December 1762. By Richard 
Draper, who followed his father, the title was altered to 
Massachusetts Gazette and Boston Neios- Letter ; and the 
maintenance of the British rule against the rising spirit of 
independence uniformly characterized his editorship and 
that of his widow (to whom, at a subsequent period, a pen- 
sion was granted by the British government). It was the 
only paper printed in Boston during the siege, and ceased 
to appear when the British troops were compelled to eva- 
cuate the city. ’ 

The Boston The Boston Gazette began, as we have seen, in 1719. 
Gazette. James Franklin, elder brother of the statesman, was its 
first printer. It lasted until the end of 1754; its editor- 
ship usually changing with the change of the postmasters. 
Ne^E^^*^ the 17th August 1721, James Franklin started the New 
land Cou-' Courant, now memorable for its connection with 

rant. illustrious brother. It was soon embroiled in a religious 

controversy, occasioned by the opposition of the clergy to 
the practice of inoculation. Many of Franklin’s early wi*it- 
ings are to be found in its columns ; and in February 1722 
he assumed its management, James Franklin having been 
forbidden by the General Court of Massachusetts “ to 
print or publish the New England Courant, or any other 
pamphlet or paper of the like nature, except it be first 
supervised by the secretary of this province.” “ The main 
design of this paper,” said the new editor, “ will be to en- 
tertain the town with the most comical and diverting inci- 
dents of human life, which, in so large a place as Boston, 
will not fail of a universal exemplification. Nor shall we 
be wanting to fill up these papers with a grateful intersper- 
sion of more serious morals, which may be drawn from die 
most ludicrous and odd parts of life.” The publication of 
the Courant ceased in 1727 ; and two years later Franklin 


the New England Weekly Journal (20th March 1727 ; 
incorporated with the Boston Gazette in 1741) ; and the 
Weekly Rehearsal (27th September 1731), which became 
the Boston Evening Post (August 1735), and under that 
title was for a time the most popular of the Boston news- 
papers. It aimed at neutrality in politics, and therefore 
did not survive the exciting events of the spring of 1775. 

Several minor papers followed, which may be passed over 
without notice. A new Boston Gazette, which began in Ede’s Bos- 
April 1755, has, however, claims to be particularized. For Ga- 
a long time it was the main organ of the popular party, 
and expounded their policy with great ability, and in a 
dignified temper. Otis, John Adams, Samuel Adams, and 
Warren were amongst its writers. In January 1775 John 
Adams began the famous “ Letters of Novanglus,” the Letters of 
origin of which he has himself (in his Diary) described in 
these words : — “ About this time Draper’s paper in Boston 
swarmed with writers, and among an immense quantity of 
meaner productions appeared a writer (Daniel Leonard) 
under the signature of ‘ Massachusettensis.’ . . . These 
papers were well written, abounded with wit, discovered 
good information, and were conducted with a subtlety of art 
and address wonderfully calculated to keep up the spirits of 
their party and to depress ouris ; to spread intimidation, and 
to make proselytes among those whose principles and judg- 
ment give way to their fears Week after week passed 

away, and these papers made a very visible impression on 

many minds. No answer appeared I began at 

length to think seriously of the consequences, and to write 
under the signature of ‘Novanglus and continued every 
week in the Boston Gazette, until the 19th of April 1775. 

The last number was prevented from impression by the 
commencement of hostilities, and Mr Gill gave it to Judge 
William Cushing, who now has it in manuscript. An 
abridgment of the printed numbers was made by some 
one in England, unknown to me, and published in Almon’s 
Remembrancer for 1775, and afterwards reprinted, under 
the title of History of the Dispute with America, In New 
England they had the effect of an antidote to the poison 
of ‘ Massachusettensis.’ ” This last-named writer spoke more 
truly than he knew, when he said in reply, — The changes 
have been rung so often upon oppression, tyrannv and 
slavery, that whether sleeping or waking, they are con- 
tinually vibrating in our ears^ 

The Massachusetts Spy, under the indefatigable editor- Thomas’ 
ship of the American historian of printing, Isaiah Thomas, Massachu- 
did yeoman’s service in this struggle, although of a differ- ®Py* 
ent kind from that of the Boston Gazette, The latter spoke 
chiefly to the thinkers and natural leaders of the peof)le. 

The Spy was a light and active skirmisher who engaged 
his antagonists wherever he met them, and frequently carried 
the war into the enemy’s country. The Massachusetts Spy 
began its career in July 1770, and had for a considerable 
time less than 200 subscribers. To its title were added the 
words “ A weekly political and commercial paper, open to 
all parties, but influenced by none.” But the progress of 
misgovernment, and the energies of its editor’s own charac- 
ter, soonled to a change in this respect, which was sufficiently 
indicated by the introduction of a motto from Cato : — 

" Do thou, great Liberty, inspire our souls, 

And make our lives in thy possession happy. 

Or our deaths glorious in thy just defence.” 

In July 1774, during the operation of the Boston Port 
Bill, and soon after the landing of four British regiments, 
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jfews- Franklin’s odd device was adopted, representing Great 
papers. Britain as a dragon, and the colonies as a snake divided into 
nine, parts, with the motto, ‘'join or die.’ But Boston 
grew too hot for the patriotic printer, and he had to remove 
to Worcester on the day of the battle of Lexington. Here 
the paper continued to be published until 1786 ; the lack of 
the stirring revolutionary matter being occasionally supplied 
by the republication in its columns of entire books, such 
as Robertson’s America and Gordon’s History of the Revo- 
lution. But this journal, like so many more, was for a time 
killed by a tax. The stamp duty imposed in March 1786, 
though amounting to but two-thirds of a penny, and very 
speedily repealed, led, to the suspension of the Spy until 
April 1788. At that period it was resumed; and it still 
continues, being the oldest newspaper in Massachusetts. 
Kumerical At the commencement , of the struggle for independence 
strength of in 1775, Massachusetts possessed 7 newspapers. New 
theAraeri- Hampshire 1 (founded in .1756, and entitled the N. H 
Gazette)^ Rhode Island 2, and Connecticut 3 ; making 
vyution.'*" 13 in all for the New England colonies. Pennsyl- 
vania had 8, of .which the earliest in date was the Ame- 
rican Weekly Mercxiry 1, 22d December 1719); and 
New York but 3, the oldest of them being the New 
York Gazette^ the publication of which had commenced 
on the 16th October 1725. Up to that period (1725) 
Boston and Philadelphia were the only towns possessing a 
newspaper .throughout America# In the middle and south- 
ern colonies there were (in 1775), in the aggregate, 10 
journals, of which Maryland, Virginia, and North Carolina, 
possessed each 2, South Carolina 3, and Georgia 1. 
The total number of the Anglo-American papers was 
34, and all of them were of weekly publication. 

Summary The New Hampshire . Gazette still exists, and is the 
of the New “father” of the American press. In 1810 this State pos- 
England sessed 12 papers; in 1828, 17 ; in 1840, 27 ; in 1850 (the 
press. census), 32, — viz., 22 described as “ political,” 

and 10 as “ miscellaneous.” The earliest paper established 
in Vermont was the Green Mountain Postboy, first pub- 
lished in April 1781. In 1850 the number of newspapers 
was 30 ; 27 of which are described as “ political.” Maine 
possessed in 1850, 29; 4 of them of daily publication. 
Rhode Island had 13, of which 5 were daily; Connecticut 
had 28, including 7 daily papers ; Massachusetts possessed 
in 1850 no less than 91 newspapers, with a collective cir- 
culation of 222,087 copies, and an aggregate circulation 
amounting in the year to 46,587,000. Of these, about 
two-thirds were published in Boston. Of the whole num- 
ber, 22 were of daily, 4 of tri-weekly, 1 1 of semi-weekly, 
and 54 of weekly publication. 

Press of Pennsylvania had in 1810, 71 newspapers, and in 1850, 
Pennsyl- 210, with a collective circulation of 338,336 copies, and 
vania, aggregate circulation, in die whole year, amounting to 

59,717,508 copies. 

The Aurora was the most notable of the early Philadel- 
phia papers, next to Franklin’s Gazette. Its hostility to 
federalism, and to Washington as the main pillar of the 
federalists, was so violent that, on the termination of his pre- 
sidency, it sung so loud a Nunc dimittis as to excite a riot, 
in which its printing-office was destroyed. YYyeHaily Na- 
tional Gazette, started in 1820, soon became prominent for 
its union of literature with politics. The total number of 
journals, political and literary, published in Philadelphia, 
in 1856, was 76, 12 of which were of daily publication, 
and of New New York, the Gazette already mentioned was fol- 

Yorlc. lo^d by the Weekly Journal (No. 1, 5th November 1 733), 
stiU memorable for the prosecution for sedition which it en- 
tailed on its printer, John Peter Zenger, and for the mas- 
terly defence of the accused by Andrew Hamilton. “ The 
trial of Zenger,” said Gouverneur Morris, “ was the germ of 
American freedom,” Gaines’s New York Mercury was pub- 
lished from 1752 to 1783. Rivington’s jRoyo^ Gazette y/m 


established in 1773, and in the first year of its existence is Neva* 
said to have attained a circulation of 3600. After the Re- papery 
volution this paper was continued under the title New 
York Gazette, and Universal Advertiser. The first daily Daily 
newspapers published in the city or State of New' York was papers of 
The Neto York Journal and Register, commenced 
1788. In 1810 the aggregate number of papers P^^blishcdpQ^Q^^*^® 
within the State w^as 66, of which 14 belonged to New^ 

York city. Ten years later the city press included 8 
daily journals, with an aggregate daily circulation of 10,800 
copies. No one paper circulated more than 2000, and but 
two — the Evening Post and the Commercial Advertiser — 
attained tliat number. Both the papers last named conti- 
nue to flourish. In 1832 there were 13 daily joiurnals, 
with a collective daily circulation of 18,200; or, on the 
average, 1400 to each paper. In 1850 the number of daily 
papers (according to the census returns) was 51, with 
an aggregate anntial circulation of 63,928,685, which will 
give an average daily issue of 3942 to each o( them. 

The penny press of America began in New York, and Penny 
the pioneer was the Daily Sun (No. 1, 23d September of 
1833), written, edited, set up, and worked oftj by B. F, 

Day, a journeyman printer. Its circulation at first was 600 
copies. In 1854 its average issue was 36,525 copies. Its 
success has been described with sufficient significancy as 
mainly owing to “piquant police reports,” at least at the 
outset. When sold, it fetched L.50,000. The profit 
arising from its advertisements has been stated by Mr Ho- 
race Greeley to amount to L-60 a day. The notorious 
New York Herald is also a penny j)aper ; was started in 
1835 (at first at a halfpenny) ; and its average circulation in 
December 1854 was 36,158. The Nm Ycrrk Tribune 
was established in 1851 by Mr Horace Greeley, wlio is still 
its editor. Its circulation in 1851 was 19,000 copies, of 
which somewhat more than half was sold within the limits 
of the city. It has now a daily circulation of about 29,000 
copies, and, in addition, issues as a weekly pa|)or 163,000 
copies, irrespectively of certain special issues for California 
and for Europe. These are amongst the prizes of New 
York journalism. How numerous the blanks are may be 
inferred from the st^itemcnt, that between the years 1820 
and 1850, 32 daily newspapers were founded and aban- 
doned. 

Elaborate as are tlie returns given in the United States’ 
census in relation to this subject, they are only to be relied 
upon for precise information respecting imos^apm when 
limited to those of daily issue. The classincation of the 
main returns which bear on the matter is headed, “ How 
often issued and, although there is a subsidiary classifica- 
tion headed “ Character,” itfiuls to elicit even tlie simple dis- 
tinction between newspapers and magazines. Thb classed 
arrangement comprises — (1.) “Literary and Miscella- 
neous;” (2.) “Neutral and Independent (3.) “ Political 
(4.) “ Religious (5.) “Scientific.” If, however, we under- 
stand the second division as meaning periodicals of “ Neu- 
tral and Independent” jDo/wffiiw, the entire newspaper press 
of the State of New’ York in 1850 may be summed up 
thus : — 


Character 

No.of 

Papers. 

Areraire 

Circulation. 

Aggregate An- 
nuMCiroulaticn 

General 
statistic^ of 
the vevtih 

" Neutral and Independent*' 

Newspapers. 

Newspapers attached to a 
political party J 

Total of the Newspaper presi 

L 

15 

263 

127,370 

398.7SS 

37,317,010 

46,463,016 

paper prepf 
of New 
York. 

278 

627,126 

82,780,026 


The total number of newspapers published in Maryland, 
in 1850 was 40, Delaware had 10, and New Jersey 
45. The last-named State Iiad no local paper before 
the Revolution, although a single number of one had been 
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liTews- published in 1765, under the title of the Constitutional 
^ papers. ^ Gazette^ containing Matters interesting to 'Liberty^ hut no 
wise repugnant to Royalty. The earliest regular paper was 
Newspaper the New Jersey Gazette^ which began in December 1777. 
statistics The total number of newspapers in the Middle States at the 
Middle census (estimated as in the case of New York) 

States* taken at 583, exclusive of periodicals of a distinctly 

literary, theological, or scientific nature. 

In the Southern States, the annals of newspapers, as of so 
Newspa- much else, may be far more compactly dealt with than is 
pers of the possible in regard to the Northern and Middle States. Vir- 
Southern ginia, notwithstanding its precedency, possessed neither 
States. newspaper nor printing-office until 1736 ; so that (as respects 
one-half at least of the wish) there was once a prospect 
that the devout, aspiration of Sir William Berkley might be 
realized. “ Thank God,” said this Virginian governor in 
1671, “ We have neither free school nor printing-press, and 
I hope may not have for a hundred years to come.” The 
Virginia papers occasionally present to modern readers 
figures of Liberty at their head (sometimes with a banner. 


inscribed ^^Drapeau sans tachi% whilst in the body of 
the journal comes a string of advertisements headed ‘‘ Cash 
for Negroes.” Those’ who love America best may perhaps ' 
be apt to think that Sir W. Berkley’s words would make as 
appropriate a motto. This great question apart, several of 
the Virginia papers have evinced considerable ability and 
independence of spirit. The earliest journal established in 
the State was the Virginia Gazette^ commenced in 1736. 
The Richmond Inquirer^ which started in 1804, early 
attained a leading position. In 1810 the total num- 
ber of Virginian papers was 28 ; in 1828, 37 ; at the 
census of 1850, 67 ; with an average total circulation of 
56,188 copies. North Carolina, at the last-named date, 
possessed 37 newspapers, with an average total circulation 
of 25,439 ; South Carolina, 29, with a similar circulation 
of 36,415 ; Georgia, 26, with 23,346; Florida, 7, with 3500; 
Alabama, 46, with 25,336. 

The statistics of the newspaper press of the entire Union 
may be thus epitomized, so far as respects the two classes 
designated in the census “ Neutral” and “Political — 
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papers. 


General 
statistics of 
the news- 
paper press 
of the 
United 
States. 



** Neutral and Independent ** Papers 


“Political" 

Papers. 


Totals. 1 

Population. 

No. 

Total Cir- 
enlaticn. 

AggregateNo.of 
Copies Printed 
Annually. 

No. 

Total Circn- 
lation. 

AggregateNo. of 
Copies Printed 
Annually. 

No 

Total Circtt.. 
lation. 

^gregatoNo-of 
Copies Printed 
Annually. 

683,169 




29 

29,695 

2,601,680 

29 

29,695 

2,501,680 

317,976 




22 

32,186 

1,673,672 

22 

32,186 

1,673,672 

314,120 

994,014 

*9 

60,700 

13,691,000 

27 

82. 

33,990 

171,387 

2,025,430 

32,996,800 

27 

91 

33,990 

222,087 

2,026,430 

46,587,800 

2,476,150 

147,546 

370,792 

1 

2,500 

781,500 

12 

18,076 

1,693,650 

13 

20,675 

... 

28 

34,916 

3,422,432 

28 

34,916 

3,422,432 

3,097,394 

15 

127,370 

37,317,010 

263 

399,755 

45,463,015 

278 

627,125 

82,780,026 

489,555 

1 

300 

93,900 

44 

40,144 

3,823,138 

45 

• 40,444 

3,917,047 

2,311,786 

12 

70,396 

21,908,548 

198 - 

267,940 

37,808,960 

210 

338,336 

69,717,608 

- 91,632 

... 

8 ‘ 

6,600 

374,400 

r 8 

6,600 

374,400 

583,034 

1 

700 

8,400 

:39 

31,637 

4,196,924 

40 

32,337 

4,206,324 

61,687. 

1 

.350 

-• 54,600 

15, 

.9)9,437 

,10,990,736 

16 

99,787 , 

11,046,336 

1,421,661 

5 

' 4,200 

1,251,900 

62 

61,089 

6,698,176 

67 

56,188 

■ 7;960,076 

869,039 

2 

875. 

113,760 

36 

24,664 

1,467,664 

37 

25,439 

1,671,414 

668,607 

5 

8,300 

^,140400 

24 

28,115 , 

4,310,980 

29 

36,415 

6,461,330 

906,185 

6 

3,046 

747,340 

20 

20,900 

1,491,360 

26 

23,946 

2,238,69# 

87,446 

... 

• 7 

' 3,500 

24,336 

202,800 

7 

3,600 

202,800? 

771,623 

1 

1,000 

313,000 

45 

1,889,169 

46 

26,336 

2,202,169 

. 606,626 

... ' 


40 

26,380 

1,619,024 

40 

26,380 

57,622 

1,619,024 

617,762 

6 

12,000 

3,336,100 

•34 

45,522 

8,356,224 

40 

11,691,324 

212,592 

1 

1^00 

148,400 

lA 

8,350 

660,400 

15 

9,760 

808,800 

209,897 

• •• 

6 

3,950 

205,400 

6 

3,950 

205,400 

1,002,717 

2 

1,610 

503,930 

36 

33,147 

5,138,680 

38 

34,757 

6,642,510 

982,405 

2 

800 

260,400 

42 

56,936 

6,245,888 

44 

66,736 

5,496,288 

682,044 

... 


42 

48,340 

6,496,280 

42 

48,340 

5,496,280 

851,470 

1 

1,290 

403,770 

73 

51,111 

3,384,162 

74 

62,401 

3,787,932 

988,416 

... 

84 

47,900 

3,669,324 

84 

47,900 

3,569,324 

1,980,329 

6 

13,485 

4,220,805 

192 

189,304 

18,865,282 

198 

202,785 

23,086,087 

397,654 

1 

200 

26,000 

39 

28,793 

2,556,836 

2,517,487 

40 

28,993 

2,682,836 

305,391 

... 


42 

29,236 

42 

29,236 

2,517,487 

192,214 

1 

1,200 

187,200 

26 

20,150 

1,281,800 

26 

21,350 

1,469,000 

92,697 

4 

2,000" 

626,000 • 

... 

4 

2,000 

626,000 

13,294 

... 

1 

610 

26,620 

1 

610 

26,520 

23,112,872 

83 

303,722 

88,022,953 

1630 

1,907,794 

221,844,133 

1713 

2,211,512 

309,868,096 


States and Territories. 


Maine 

New Hampshire , 

Vermont 

Massachusetts...., 

Hhode Island 

Connecticut 

New York 

New Jersey 

Pennsylvania 

Delaware ,.. 

Maryland 


Virginia 

North Carolina... I 
South Carolina.... I 

Georgm 

Florida 

Alabama 

Mississippi 

Louisiana 

Texas 

Arkansas 

Tennessee 

Kentucky 

Missouri 

Illinois 

Indiana 

Ohio 

Michigan 

Wisconsin 

Iowa 

California . 

Oregon Territory 


Total . 


{Seventh Census qf the United States, 1850 (Washington, 
1853), passim ; Buckingham, Specimens of Newspaper LU 
terature, 2 vols. (Boston, 1 850), passim ; Coggeshall, The 
Newspaper R^ord 1856), passim; Life and 
Works of FranJdin, by Sparks, i. 23, 123, &c. ; Life and 
Works of John Adams, ii. 405; Proceedings qf the New 
York Historical Society for 1844 ; Historical Notices of 
Newspapers published in NorthHampshire^ in Farmer and . 
Moords Collection, iii. 174, seq. ; Frothingham, History of . 
the Siege of Boston, 31, seq.; Minutes of Evidence before 
the Select Committee on Newspaper Stamps (Evidence of 
Mr H. Greeley), Q, 2614-2664^ 2978-3068, pp. 389-395, 
438-448.) ^ 


ni.-«THE NEWSPAPERS OF FRANCE. 

The long and eventful annals of French journalism Renaudot’s 
begin* with the Gazette established by Theopliraste Re- Gazette, 
naudot, in 1631, under the patronage of Richelieu, and 
very probably with his active co-operation. Renaudot was 
born fit Loudon in 1584; studied medicine in Paris, and 
afterwards at Montpellier, where he took his degree ; 
established himsetf in the capital in 1612, and soon be- 
came conspicuous both within and beyond the limits of his 
profession. Endowed by nature with great energy and 
versatility of talent, he seems at an early period of his career 
to have attracted the attention of the great Cardinal, and to 




96 NEWS? 

News- have obtained permission to establish a sort of general 

papers, agency office, under the designation of ^^Sureau u Addresses 
et de Rencontre^ An enterprise like this would, perhaps, 
naturally suggest to such a mind as Renaudot’s the advan- 
tage of following it up by the foundation of a newspaper. 
According to some Frencli writers, however, the project 
was formed by Pierre d’Hozier, the genealogist, who car- 
ried on an extensive correspondence both at home and 
abroad, and was thus in a position to give valuable help ; 
according to others by Richelieu himself. Be this as it may, 
Renaudot put his hand zealously to the work, and brought 
out his first weekly number in May 1631. So much, at least, 
may be inferred from the date (4th July 1631) of the sixth 
number, which was the first dated publication ; the five pre- 
ceding numbers being marked by “ signatures” only — A to E. 
Each number consists of a single sheet (eight pages) in small 
quarto, and is divided into two parts — the first simply entitled 
“ Gazette,^* the second “ Nbuvelles Ordinaires de Divers 
EndroitsP For this division the author assigns two rea- 
sons — (1.) That two persons may thus read his journal at 
the same time ; (2.) That it facilitates a division of the 
subject-matter — the Nouvelles containing usually intelli- 
gence from the northern and western countries, the Gazette 
irom the southern and eastern. He commonly begins with 
foreign, and ends with home news, — a method which was 
long and generally followed, and which still obtains. Once 
a month he published a supplement, under the title of Re- 
lation des Nouvelles du Monde regues dans tout le Mois, 
“ These monthly Relations of mine,” he says, ‘‘ serve to 
epitomize and to correct the weekly ones. For it is with 
news as with metals — ^when they come first from the mine, 
the metals are mixed with earth. In like manner, news are 
at the outset usually accompanied by mistakes and miscon- 
ceptions, from which in a little time they get separated, just 
as the metals lose their dross in the furnace. Then you 
get them pure.” 

In October 1631, Renaudot obtained letters-patent to 
himself and his heirs, conferring the exclusive privilege of 
printing and selling, where and how they might please, “ the 
gazettes, news, and narratives of all that has passed or may 
pass witiun and without the kingdom — .... [In the be- 
ginning of this document he had been designated ‘‘ Master 
and General Intendant of the Address Offices of the King- 
dom and these offices are directly connected with the 
Gazette by the addition, after the words we have quoted, of 
whatfollows — ] conferences, prices-curren t of merchandise, 
and other printed matter of the said offices {autres im- 
pressions des dits bureav^V At the end of the year, he 
collected his thirty-one numbers into a volume, and pub- 
lished them under the title, Recueil des Gazettes de VAnnee 
1631 ; prefixing also a preface to the public, and a dedica- 
tion to the king. In the former he says, — 


** The publication of gazettes is in truth new ; hut this novelty 
may win for them a favour which they will easily preserve. They 
will be maintained for their utility, both to the community and to 
individuals ; — to the community, by preventing those false reports 
which often serve to kindle turmoils and seditions ; to individuals, 
by enabling every man to adjust his business according to the 
needs of the time. Thus the merchant will not betake himself 
for traffic to a besieged or ruined city, nor will the soldier seek 
for service in a country which is at peace, — to say nothing of the 
advantage they will bring to those who have to write to friends, 
whose curiosity they had heretofore to satisfy with news, often 
invented for the occasion, or founded on the guess-work of mere 
hearsay,’^ . . . . “ The difficulties,” he adds, which I mention as 
attendant on the composition of my Qazetus are not put forward 
for the glorification of my work, but as an excuse for my style, if it 

does not always correspond with the dignity of my themes 

Captains wish to have news of battles and sieges every day j law- 
yers to have law reports ; devout persons to meet the names of 
favourite preachers and confessors. Some people, who understand 
nothing of the Eiecrets of the court, wish to have them exposed at 
full length. Others are angry if their names do not meet the 
king's eye in the for having bought the reversion of some 
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unimportant office, or for having safely conveyed a state parcel. News- 
.... Some attach value to nothing but flowery language ; others papers. 

would have my narratives resemble a bare skeleton Can ^ 

yon then, my reader, deny me your pity, or withhold your pardon, 
if my pen fail to please everybody, hold it as I may ; any more 
than could the peasant and his son, in the fable, although they 
travelled first singly, and then together, — at one time a-foot, and at 
another on the ass ? .... Yet I should deceive myself were I to 
hope to curb your censure by my remonstrances. I cannot do it, 
and ought not, reader, if I could. The liberty to find fault is not 
the least of the pleasures attendant on reading of this sort ; and it 
is for your pleasure that this novelty has been invented. Enjoy, 
then, at your ease your French liberty ; and let every one say 
boldly that he would take away this, or change that, and that he 
could have done much better. I admit it. In one thing only I 
will yield to nobody— in the search after truth, though 1 will not 
vouch for its constant attainment.” 


Renaudot’s assailants were mimerous, and made full use 
of ‘‘ French liberty.” Many, too, were the parodies by 
which it was sought to throw ridicule upon his enterprise. 

But he steadily pursued his course, rarely noticed bis assail- 
ants, and at his death in October 1663, left the Gazette to 
his sons in flourishing circumstances- In 1762 the title 
“ Gazette de France^* was first used. Under this designa- 
tion it continued to appear until the 24th August 1848. 

During the five memorable days which followed tluit date it Suspenaion 
was suspended ; on the 30th it was resumed as Le PeMjofoof the 
FrangaiSy Journal de ^ Appel d la Nation ; and again tno- de 
dified on the 14th September to VEtoHe de la France, 

Journal des Droits de Tons* On the 26th October it became 
Gazette de France, Journal de P Appel d la Nation ; andg^quent re- 
under this title it still continues to appear. A complete sumption, 
set extends to upwards of 300 volumes, of which 181) are 
in quarto, and the rest in folio. It scarcely need be added 
that such a set forms a collection of great value, not only for 
the history of France, but for that of Europe generally. 

We pass over a group of Couriers (Le Courrier Fran- 
^ais, Le Courrier de la Cour, Le Courrier Rurlm/ue, Le 
Courrier Bourdelais, &c.), wliich iiroperly form part of tile 
extraordinary collection of pamphlets usually termed Ma- 
zarmades. Most of tliese Couriers belong to the year 
1 649, but they are not serial newspiq)ers. They come within 
the same category as the English news-pamphlets mentioned 
in a preceding section of this article. 

In 1660, Paris had its newspaper in verse. Loret, theborefs ‘ 
^‘courtier-poet,” as he has been called, began this flimsy Mum Hl«- 
but amusing, and now not uninstrtictive periodical, for the 
gratification of his patroness, Mademoiselle de I-^ongue- 

T€mp8,eii 

“ Pour coraplairo k see volontda, Vers 

£t mieux meriter ses bontes.” lesques. 

But the new Gazetteer was too witty, and too inci»ive in his 
stroke, to be long confined to the narrow though brilliant 
circle of the Hotel de Longueville. MS. copies were ob- 
tained, sometimes surreptitiously, sometimes by dint of {>er- 
tinacious application. At length, after it had circulated 
from hand to hand for nearly two years and a half, some 
numbers were furtively printed under the title La Gazette 
du Tmnps, en Vers Burlesques. 

“ Des debiteurs de faux papiers, 

Pires cent fois que des fripiers, 

Faisaient imprimer ses gaxetti^ 

Sans craindre nl loi ni syndic 
Pour en fairs un lUche trafic,” 


The poor poet was fain to follow the example^ He con- 
soles himself by the reflection that the coiues in MS. were 
always faulty, and gravely assures his readers that ^ prindng 
is an excellent invention for producing simultaneously 
several copies of a worL” Resuming his verse, however, 
he proceeds : — 

** Mats sache, lecteur d^bonnedre, 

Fncor que des mains du rimeur 
Cette gazette dpistolaire 
Passe en celles de llmprimcur. 
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Qu’elle n’en est pas plus commuue; 

Oar, sans abus ni fraude aucune, 
n doit observer cette loi 
De n’en tirer chaque semaine, 

Qu’une unique et seule douzaine, 

Tant pour mes amis que pour moi^ 

Aprbs cel a point de copie, 

En ddt-on avoir la pepie.” 

The usual title of each Gazette, as printed by the author, 
is Lettre en xers d Son Altesse Mile, de Longueville ; but in 
1656 he collected them under the title La Muse Historique^ 
ou Recmil des Lettres en Vers ecrites d S. A. Mile, de 
Longueville^ par le Sieur Loret. Livre premier. Dedie 
au Roi (Paris, 1656,4°). He continued the task almost 
until the day of his death, in April 1665. His last letter 
ends with this sad couplet : — 

vingt-huit Mars j’ai fait ces vers, 

Souffrant cinq ou six maux divers.” 

The first complete edition appeared in 1658 ; and the 
words “ Contenant les nouvelles du temps,” are added to 
the title above mentioned. 

LorePs Gazette will always have interest in the eyes of 
students, who care less for the “ dignity” of history than for 
the fidelity of its local colouring, and the animation of its 
backgrounds, if we may so speak. It were as vain to look 
there for any deep appreciation of the events of those 
stormy times as for state papers or notes of diplomatic con- 
ferences. But it abounds in vivid portraits of the men and 
manners of the day. It paints rudely, yet to the life, the 
Paris of the Fronde, with all its effervescence and depres- 
sion, its versatility and fickleness, its cowardice and its 
courage. 

Mepcure Of the Mercure Galant^ established by Donneau de 
Oalant, yjgg it may be said that it sought to combine the 

Mercure de of the Gazettes^ both grave and gay. Like the 

Erance. former, it contained the state news and court circulars of the 
day. Like the latter, it amused its readers with satirical 
verses, and with sketches of men and manners, which, if 
not always true, were at least well invented. Reviews and 
sermons, law pleas and street airs, the last reception at the 
academy, and the last new fashion of the milliners, all find 
their place ; nor can it be denied that the writer has re- 
deemed the pledge implied in these words of his prospec- 
tus : — “ If my letters” (for, like Loret, he cast his news into 
the epistolary mould) ‘‘ be preserved, . . . they may here- 
after become useful memorials, in which will be found many 
things not elsewhere to be met with.” De Vise carried on 
his enterprise during more than thirty years, and at his death 
it was continued by that Riviere du Fresny, who has his 
little niche in Voltaire’s portrait gallery : — 

“ Et Du Fresny, plus sage et moins dissipateur, 

Ne fut pas mort de faim, — digne mort d’un auteur.” 

The successor of this worthy, Lefevre de Fontenay, altered 
the title to Mercure de France (a designation retained, with 
some slight modification, until 1853). The Mercure passed 
through many other hands before it came into those of 
Panckoucke, at the eve of the Revolution. Amongst its 
more conspicuous writers, immediately before this change, 
had been Raynal and Marmontel. The latter, indeed, had 
for many years been its principal editor, and in his Memoirs 
has left us a very interesting record of the views and aims 
which governed him* in the performance of an arduous task. 
And he there narrates the curious fact, that it was Madame 
de Pompadour who invented the plan of giving pensions to 
eminent men of letters out of the profits of the Mercure. To 
one of Marmontel’s predecessors the “ privilege,” or patent, 
had been worth more than L.IOOO sterling annually. This 
revenue was now to be shared amongst several, and to be- 
come a means of extending royal “ patronage ” of literature 
at a cheap rate. Marmontel’s account of his conversation 
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with Pompadour as to the selection of the patronized, is not News- 
the least amusing thing in those admirable Memoirs. papers. 

It is, too, to this pension-scheme that we owe the Contes ^ 

Moraux. Marmontel, who had long before lost his “patent ” 
by an act of high-minded generosity, continued to share in 
the composition of the literary articles with Chamfortand La 
Harpe, whilst Mallet du Pan became the most prominent of 
its political writers. In 1 789 the latter published a series of 
remarkable articles on the well-known book of De Lolme. 

In the same year he penned some comments on the “ De- 
claration of the Rights of Man,” very distasteful to violent 
men of all parties, but which forcibly illustrate the pregnant 
truth they begin with : — “ The Gospel has given the simplest, 
the shortest, and the most comprehensive ^ Declaration of 
the Rights of Man,’ in saying, Do unto others as you would 
that they should do unto you. All politics hinge upon this.” 

In 1790 the sale of the Mercure rose very rapidly. It The Mer- 
attained for a time a circulation of 13,000 copies. Mira-f^^® 
beau styled it in debate, “ the most able of the newspapers.” 

Great pains were taken for the collection of statistics and 
state papers, the absence of which from the French news- 
paper press had theretofore helped to depress its credit, as 
compared with the political journalism of England, and 
even of Germany. But in proportion as the Revolution 
marched on with more rapid strides towards an unchecked 
democracy, Mallet Du Pan evinced more and more un- 
mistakably his rooted attachment to a constitutional mo- 
narchy. And, like so many of his compatriots, he soon 
found the tide too strong for him. The political part of 
the Mercure changed hands, and after the 10th August 
1792 its publication was suspended. 

All this time the Moniteur {Gazette Nationaley ou le 
Moniteur Universel) was under the same general manage- 
ment as the Mercure Frangais (so the title had been al- 
tered in 1791). The first idea, indeed, of this famous 
official journal appears to have been Panckoucke’s, but it 
did not firmly establish itself until he had purchased the 
Journal de VAssemhUe Nationals, and so secured the best 
report of the debates. The Moniteur, however, kept step Contrast 
with the majority of the assembly, the Mercure with the l>etween 
minority. So marked a contrast between two journals, with 
one proprietor, gave too favourable a leverage to the re- ckoucke’T" 
publican wits not to be turned to good account. Camille Mercure 
Desmoulins depicted him as Janus, — one face radiant at the and those 
blessings of liberty, the other plunged in grief for the epoch of hisMo- 
thai was rapidly disappearing. “ When M. Panckoucke,” iiiteur. 
he said, “ leaves the printing-office of his Moniteur Uni- 
versel, he is an ardent patriot ; when he enters the editor’s 
room of his Mercure de France, a sudden change comes 
over him, converting the patriot of the instant before into 
a furious aristocrat.” 

When resumed, after a very brief interval, the Mercure 
Frangais became again Mercure de France ; its political 
importance diminished, whilst its literary worth was en- 
hanced. During the later days of the Revolution, and 
under the imperial domination, its roll of contributors in- 
cluded the names of Geoffroy, Ginguene, Morellet, Lacrc- 
telle, Fontanes, and Chateaubriand. The statesman last 
named brought upon the Mercure another temporary sup- Suppres- 
pression in 1807, by words which were in true unison of the 
with the noblest deed of his chequered career, — that retire- 
ment, namely, from the imperial service which he resolved ticle bv^" 
and effected on the day that the news of the execution of Chateau- 
the Duke of Enghien reached him, being the day after he briand. 
had been appointed by Napoleon a minister plenipotentiary. 

A few of these weighty words must find room. What may 
seem pedantic in their style is, it will be remembered, the 
local colouring of the time. 

..." When in the silence of despair no sound makes itself 
heard, save the chain of the slave and the voice of the informer, — 
when all tremble before the tyrant, and it becomes as dangerous to 
obtain his favour as to incur his displeasure, then arises the historian 
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News- "who embodies the vengeance of the nations. It is in vain that 
papers. 2Iero prospers. Tacitus is already horn within the hounds of the 
empire. Beside the ashes of G-ermanicus, he grows up to man’s 
estate, unknown and unnoticed ; and already has a righteous Pro- 
vidence placed in the hands of an obscure child the fame of the 
master of the woidd. If the part which the historian is called to 
play upon the world’s stage he a nohle one, yet it is often danger- 
ous ; but he ministers at an altar which, like that of honour, al- 
though abandoned, claims its sacrifice ; the god is not annihilated 
because the temple is deserted.” 

Thus it chanced that alike under the brilliant despotism 
of Napoleon, and under the crapulous malversation of Louis 
XV., the management of the Mercure was revolutionized 
for protests which conferred honour upon the journal, no 
less than upon the individual writers who made them. Re- 
sumed by other hands, the Mercure continued to appear 
until January 1820, when it was again suspended. In the 
following year it re-appeared as Le Mercure de France au 
dix-neuvieme Siecle, and in February 1853 it finally ceased. 
A complete set extends to no fewer than 1611 volumes. 
Journal de The only other newspaper of a date anterior to the Re- 
Paris. volution which needs to be noticed here, is the Journal de 
Paris, which was commenced on new year’s-day of 1777. 
It had but a feeble infancy, yet lived, as ricketty children 
sometimes do, for half a century. Its early volumes ap- 
pear so insipid to a nineteenth century reader, that he won- 
ders what. can have been the cause of its occasional bicker- 
ings with the police. Its tameness, however, did not save it 
from sharing in the ^‘suspensions" of its predecessors. After 
the Revolution, such men as Garat, Condorcet, and Reg- 
naud de St Jean d’Anglly appear amongst it contributors, 
but those of earlier date were intensely obscure. Its period 
of highest prosperity may be dated about 1792, when its 
circulation is said to have exceeded 20,000. 

The Nou- The police adventures of the writers of the MS. News 
Valles a la Lett^s, or NouveUes d la Main, were still more numerous ; 
and if we may judge from the copious specimens of these 
epistles which yet survive, must also not unfi-equently have 
arisen from lack of official employment, rather than from 
substantial provocation. Madame Doublet de Persan, the 
widow of a member of the French Board of Trade, was a 
conspicuous purveyor of news of this sort. For nearly forty 
years, daily meetings were held in her house, at which the 

B and table-talk of the town were systematically (and 
y) registered ; and weekly abstracts or epitomes were 
sent into the country by post. Piron (“Piron qui ne 
mt rien, pas m6me academicien "), Mirabaud, Falconet, 
^11 damnee" of Voltaire, as Marmontel 

called him), and, above all, Bachaumont, were prominent 
members of the “ society," and each of them is said to have 
had his assigned seat beneath his own portrait. The lady's 
valet de chambre appears to have been editor ex officio j 
and as he occasionally suffered imprisonment, when offensive 
news-letters had been seized by the police, so responsible 
a duty was doubtless “considered in the wages” News 
and anecdotes of all kinds, —political and literary, grave, gay, 
or merely scandalous,— were all admitted into the Nouvelks 
a la Mam ; and their contents, during a long series of years, 

^ . staple of those M4moires Secrets pour servir dt/ 
vMtsmre de la JRepvhU(jw des Ledges, which extend to 
36 volumes, have been frequently printed (at first with the 
talse imprint, —Londres : John Adamson, 1777-89), and are 
i^Uy referred to by Frencli writers as the Mirmires de 
liaohmmont, 

. Tbe.mumafism of the first Kevolution has been the 

number is still on 

tion. "r® “creaw. Like all modem insurrections; in which legi 

Artist j • .. . , ' . .o 


wia visionary but fondly-cherished dreams of a world 
precede labour, and vice impercep- 

Sol^ir^ P^od of the EevolL 

ti n yeas marvellously fertile in every ^d of intellectual 


effort. The simple recital of the mere titles of the news- News- 
papers which then appeared throughout France fills more papers, 
than forty pages of larger dimensions than those which the 
reader has now before him. It is obvious, therefore, that 
a very casual glance at this part of our subject is all that 
can here be given to it. 

When at least one half of the French people was in a 
ferment of hope or of fear at the approaching convocation 
of the States-General, most of the existing newspapers 
were still in a state of torpor. Long paragraphs, for ex- 
ample, about a terrible “ wild beast of the Gevaudan" — 
whether wolf or bear, eras yet nondescript, was uncertain— 
were still current in the Paris journals at this momentous 
juncture; just as the “enormous gooseberry’' fills up, at 
the dull season of the year, a blank in an English, or the 
“marvellous sea-serpent" a blank in an American, country 
paper. Mirabeau was amongst the foremost to supply 
the popular want. His Lettres d ses Commettants began 
on the 2d May 1789, and with the twenty-first number be- 
came the Courrier de Provence^ Within a week Maret 
(afterwards Duke of Bassano) followed with the Bulktm 
des Stances de VA^emiUe NationaU, and Lehodey with 
the Journal des Etats Generaux. In June, Brissot de 
Warville began his Patriots Frangais. Gorsas published 
the first number of his Courrier de Versailles in the fol- 
lowing montli, from which also dates the fiimous periodical 
of Pmdhomme, Loustalot, and Toumon, entitled R6mluiions 
de Paris, with its characteristic motto, — “ Les grands ne 
nous paraissent grands, que parce que nous sommes i 
genoux; levons nous !" A month later, BarSre and Lou- 
vet began the Journal des PSbats, and Marat the Ami du 
Peuple (which at first was called Le Publiciste Parisim). 

The Moniteur Vhiversel (of which we have spoken al- 
ready), was first published on the 24th November, although 
numbers were afterwards printed bearing date from the 
5th May, the day, it will be remembered, on which tlic 
States-General first assembled. Camille Desmoulins also 
commenced his Revolutions de France et de Brabant in 
November 1789- The Ami du Roi wa.s first published in 
June 1790; La Quotidienne in September 1792. 

Of all these prominent journals the Moniteur and the Dj- 
hats alone have survived until now. A few of them lasted un- 
til 1794 or 1795 ; one continued until recently ; but most of 
them expired either in the autumn of 1792, or with the fall 
of the party of the Gironde in September 1 793. In gome olf 
these papers the energy for good and for evil of a whole life- 
time seems to be compressed into the fugitive writings of a 
few months. Even the satirical journals which combated the 
Revolution with shafts of ridicule and wit, keen enough 
after their kind, but too light to do much damage to men 
who were terribly in earnest, abound with matter well de- 
serving the attention of all students desirous of a thorough 
knowledge of the ^riod. Of tins class those more espe- oPho light 
cially in which Peltier was concerned — as, for example, skirmieh- 
the Actes des ApOtres, the Paris, and depict of 

the Royalists themselves vividly enough, whatever may be Jf^^olution- 
the amount of credit due to their delineations of tlieir foes. ^ 
Peltier's name is now best remembered for the famous trial 
which his incessant attacks upon Napoleon entailed on 
him. His fondness for drawmg comparisons between the 
“yellow emperor" and the “black emperor," greatly to the 
advantage of the Haytian, so pleased the latter as to bring 
him very substantial and acceptable ma^ks of gratitude, in 
the shape of numerous bags of coffee and hogsheads of 
sugar, which. were speedily converted into cadi for the 
gratification of tastes little in harmony with the c^edinary 
resources of an exiled journalist. The sad contrast be- 
tween the gratitude of the negro monarcli and the indiffer- 
ence of the government of the Restoration towards services 
which had been long and faithful, prompted an epigram, 
whidx unfortunately mienated his d&tant benefactor:— 
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News* Mon roi me traite comme un negre, 

papers. Mais mon negre, a son tour, me traite comme un roi.” 

gQ the poor author died, if we accept the dictum of Vol- 
taire, an appropriate death, in a garret, in the spring of 1825. 

The consular government began its dealings with the 
press by reducing the number of political papers to thirteen. 
At this period the original number of daily journals had been 
nineteen, and their aggregate provincial circulation, apart 
from the Paris sale, 49,313, or 2600 each, on the average. 

Under Napoleon, the Moniteur was the only political 
paper that was really regarded with an eye of favour. Even 
as respects the nation at large, the monstrous excesses into 
which the revolutionary press had plunged left an endur- 
ing stigma on the class. When M. Bertin acquired the 
The Jour- Journal des Dehats from Baudouin, the printer, for 20,000 
nal des francs, he had to vanquish popular indifference on the one 
Dgbats. hand, aS well as imperial mistrust on the other. The men 
he called to his aid were Geoffrey and Fievee ; and by the 
brilliancy of their talents, and the keenness of his own judg- 
ment, he converted the Dibats into a paper having 32,000 
subscribers, and producing a profit of 200,000 francs a year. 
When a special censorship was about to be imposed on it, 
in 1805, at the instance of Fouche, a remarkable correspond- 
ence took place between Fievee and Napoleon himself, 
in the course of which the emperor wrote, that the only 
means of preventing a newspaper from suspension was to 
avoid the publication of any news unfavourable to the 
governmetit, until the truth of it is so well established that 
the publication becomes needless, the bad news being in 
everybody’s mouth.” Toutes les fois qu’il parviendra 
une nouvelle defavorable au gouvernement, elle ne doit 
5tre publi^e, jusqif^ ce qu’on soit tellement s5r de la v^rit§ 
qu’on ne doive plus la dire, parce qu’elle est connue de tout 
le monde ”) The censorship was avoided, but Fievee had to 
become the responsible editor, and the title was altered to 
Journal de VEmpire — the imperial critic taking exception 
to the word Dihats as inconvenient.” The old title was 
resumed in August 1815. The revolution of July did but 
enhance the power and the profit of the paper. It has 
held its course With dignity as well as ability amidst recent 
perils, and may still be said, in the words which Lamartine 
applied to it in an earlier day, to have made itself part of 

French history.” 

Shortly before the Journal de VEmpire became again the 
Journal des Dehats (\vi 1815), a severance occurred amidst 
both the writers and subscribers, which led to the foundation 
of the Constitutionnel^ which for a short time bore the title of 
D Independent. The former became, for a time, the organ 
of the Royalists, par excellence^ and furnished its due quota 
oV^ogre de Corse'' and the like ; the latter, the leader of 
the opposition. In 1824, however, both were in conflict 
with the government of the day. At that date the statistics 
of the Paris press were thus stated, in a secret report ad- 
dressed to the ministry : — 


Statistics 
of the 
Paris press 
in 1824. 


The rapid rise of the Constitutionnel was due partly to 
the great ability and influence of £ltienne„of Beranger, and' 


1 Government Press. 

1 Opposition Press. | 

Name of Paper. 

Circula- 

tion. 

Name of Paper. 

Circula- 

tion. 

1. Journal de Paris. 

2. L’Etoile 

3. Gazette de France 

4. Le Moniteur 

5. Le Drapeau ) 

Blanc / 

6. Le Pilote 

4,176 

2,749 

2,370 

2,250 

1,900 

900 

1. Le Constitutionnel.. 

2. Journal des Debats. 

3. La Quotidienne 

4. Le Courier Fran^ais 
6. Journal de Com- \ 

merce J 

6. L’Aristarque 

16,250 

13,000 

6,800 

2,976 

2,380 

925 

Total 

14,344 

^ 1 

Total 

j 41,330 


of Saint Albin (who had been secretary to Carnot, in his News- 
ministry of 1815), all of whom co-operated in its early editor- papers, 
ship; and partly to its sympathy with the popular reve- 
rence for the memory of Napoleon, as well as to the vigorous The rise 
share it took in the famous literary quarrel between the of 

Classicists and Romanticists (although in that quarrel ittook*^®.^®^®]^* 
what may now be called the side of the vanquished), 
part in bringing about the revolution of 1830 raised it to the 
zenith of its fortunes. For a brief period it could boast of 

23.000 subscribers, at 80 francs a year. But the invasion 
of cheap newspapers, and that temporary lack of enterprise 
which so often follows a brilliant success, lowered it with 
still greater rapidity. When the notorious author of the 
Mimoires dun Bourgeois, Dr V6ron, purchased it, the sale 
had sunk to 3000. Veron gave 100,000 francs for the 
wretched Juif Errant of Sue, and the Sue fever rewarded 
him for a while with more than the old circulation. Re- 
cently it has been under the editorship of C^sena, Granier 
de Cassagnac, and La Gueronni^re ; and it need scarcely be 
added that its glory has departed. 

The cheap journalism of Paris began in 1836 (1st July), Presse 
with the famous journal of M. De Girardin, La Presse, 
followed instantly by Le Siecle, under the management of 
M. Dutacq. The first-named journal attained a circula- 
tion of 10,000 copies within three months of its commence- 
ment, and soon doubled that number. The Siecle pro- 
spered even more strikingly, and in a few years had reached 
a circulation (theretofore without precedent in France) of 

38.000 copies. 

The rapid rise of the newspaper press of Paris will be 
best appreciated, if we tabularize the number of stamps 
issued, — as has been already done for the British news- 
papers : — 


Tears. 


No. of Stamps. 

1828 


28,000,000 

1836 


42,000,000 

1843 


61,000,000 

1844 


62,283,200 

1846..:....;. 



1846 


79,000,000 


At the date last mentioned the relative position of the 
twenty-six daily papers stood thus : — 

Name of Paper. Circulation.] Name of Paper. Circulation. 

*Le SMe.... 31,000. 

*La Presse . f Between 

«Iie Constitutionnei. | *25^000, 


^Journal des D6bats / nnn” 

uX“. 


lie National 

*Le Charivari 

^Gazette de Prance.. 
Le Commerce.... 
La Quotidienne., 

^La Patrie 

^L’Estafette 

L’Esprit Public.. 
♦L’lTnivers 


Between 

3000 

and 

6000. 


Name of Paper. 

Moniteur Parisien 

La Reforme 

L’Echo Eran$ais 

Courrier Pran^ais 

Democratie Pacifique... 

Le Droit 

^Gazette des Tribunaux 
L’Entr’acte J 


Betwn. 

2000 

and 

3000 


Journal de Paris Betw. 

Le Messager I 500 

Le Corsaire-Satan j and 

La France J 2000 


TYi^Moniteur does not here appear, for the reason that the 
greater part of its circulation is official and gratuitous. It 
is just to add, that the vast disparity of circulation shown 
by this table (as for example, between journals like Le 
National and Le Siecle), affords no test whatever of public 
opinion, either as to their politics, or their ability. The 
business was simply an affair of story-telling. The most Rise of the 
trashy novelist, who had for a moment won the public ear, feuilleton. 
was able (for his brief period) to dictate terms to the 
shrewdest and most experienced proprietor of a newspaper. 

Thus it was that M. Dumas was enabled to make a con- 
tract with the proprietors of La Presse and Le Constitw- 
tionnel jointly, which brought him in 64,000 francs a 
year ; and then to sell the right of reprinting his tales, for 
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News- a round sum, to a certain M. Troupenas, who, according to 
papers. Paris wits, killed himself by a brain fever, brought on 
in a vain attempt to divide M. Dumas’ lines into halt lines, 
in order to increase the number of volumes.^ 

Newspa- To a great extent, tlie inundation of newspapers which 
per flood of followed the revolution of February 1848, was but a 
parody— and a very poor one— on the revolutionary press 
of 1793. Most of them, of course, had very short lives. 
When Cavaignac took the helm he suppressed eleven 
journals, including La Presse and LAssemhUe Nationale. 
The former had at this period a circulation of nearly 70,000, 
and its proprietor, in a petition to the National Assembly, 
declared that it gave subsistence to more than 1000 per- 
sons, and was worth in the market at least 1,500,000 francs. 
In August, the system of sureties was restored. On the 
13th June 1849 the present Emperor, as ‘‘ President of the 
Republic,” suspended Le Peuple^ La Revolution DSmo- 
cratique et Sociale^ La Vraie Repuhlique^ La Demo- 
cratie Pacifique^ La Refer me^ and La Tribune des 
Tjawof Peuples. On the 16th July 1850 the Assembly passed 
1850 abo- jg called the ‘‘ Loi Tinguy,” by which the author of 
anonymous newspaper article on any subject, political, philosophi- 
Lticles in cal, or religious, was bound to affix his name to it, on pen- 
iiewspa- alty of a fine of 500 francs for the first offence, and of 1000 
pers. francs for its repetition. Every false or feigned signature 
was to be punished by a fine of 1000 francs, “together 
with six months’ imprisonment, both for the autlior and the 
editor.” The practical working of this law lies in the crea- 
tion of a new functionai’y in the more important newspaper 
offices, who is called “ secretaire de la redaction,” and is, in 
fact, the scape-goat ex officio. In February 1852 all the 
^ * press laws were incorporated, with increased stringency, 

into a “ D^cret organique sur la presse ” The stamp duty 
for each sheet was fixed at six centimes, within certain 
dimensions, and a proportional increase in case of excess. 
By this Jaw the newspapers are at present governed; and 
their price — La Presse only excepted — has returned to the 
tarifi' of 1835. The existing number of daily papers in 
Paris is but fourteen (the Moniteur included), and is made 
up of those to which an asterisk is prefixed in the preced- 
ing table, with the addition of DAssemlUe Jfationale^ Le 
Paps, JJUnion^ and the Journal des Faits, The relative 
circulation of the six leading papers recently stood thus : — 
(1.) Siecle; (2.) Presses (3.) Constitutionnel s {A^)Patries 
(5.) Debats ; (6.) AssemhUe Natio?iale. The number of 
provincial papers exceeds 500, but scarcely ten of them 
possess importance of any kind. 

(Hatin, Histoire du Journal en France^ 2d edit., 1853, 
passim ; Gallois, Histoire des Journaux et Journalistes de 
la Revolution, 2 tom., passim ; Marmontel, Memoires, i. 
277-291; Morellct, Eloge de Marmontel, 11, 12; Cha- 
teaubriand, Mimoires outre Tombe^ iii., § 1, 24, seq. ; 
Memoires of Mallet Du Pan, i. 29, seq. ; Biographie Uni- 
verselle, articles “ Bachaumont,” “Donneau,” “Doublet,” 
“Garat,” “Loret” “ Panckoiicke “llenaudot;” Bulletbi 
du Bibliophile, N.S., vii. 855-866; Lamartine, Histoire 
de la Revolution de 1848 ; Bibliotheque Imperiale — Ca- 
talogue de V Histoire de France, iv. 345-569, 1857, 4to- 


Early 

German 

papers. 


lY.— NETVSPAPEKS OF GEBMANY AND OF NORTHERN EUROPE. 

No real serial newspaper can be shown to have existed 
in Germany of earlier date than 1615, when Egenolph 

^ The following is a literal and specimen of the dialogue of 

Lea Troit Mouaquetaires, as published in Le Sieck ■ 

** Mouaq* — * FJh bien ? ’ 

Valet. — * Rien.’ 

K.— ‘ Rienl» 

F.-,^Rien.’ 

Jf.— * Comment?* 

F.— ^ Rien, vous dis-je.’ 

* O’est impossible,* &c. 


A P E R S. 

Emmel, a bookseller of Frankfort, establibhed one, of which News- 
little more is now known, than that in the following year papers, 
his example was imitated, doubtless with some improve- 
ment, by the foundation of the Frankfurter Oherpostamts- 
zeitung. Fulda appears to have been the next German 
town to possess a newspaper ; then Hildesheim (1619), and 
Herford (1630). In the course of the century almost all 
German cities of the first rank possessed their respective 
journals. The earliest in Leipsic bears date in 1660. The 
Hamhurgiseker Correspondent doXes from 1714, and wasTheHatn. 
almost the only German newspaper which really drew its burgischer 
foreign news from “our own correspondent.” Berlin had two Oorrespon- 
papers, those of Voss and of Spener, both of which are still 
published. They possessed in their earlier career some 
literary value, but were politically null. Borne half-dozen 
papers which glimmered in the surrounding darkness w^ere 
the reservoirs whence the rest replenished their little lamps. 

On the whole, it may be said that the CJcrman newsjiafjers 
were of very small account, until after the outbreak of the 
French Revolution. Nor, indeed, can any journal of a 
high order be mentioned of prior appearance to the .i4%^-Founda- 
meine Zeitung, founded by Cotta (at first under the title of 
Neueste Weltkunde) in 1798, and which is still at the head 
of the political press of Germany. Fosselt was its first 
editor, but his want of nerve— perhaps of physical health — 
hindered the application of his nigh powers to political jour- 
nalism ; and to this constitutional impediment anotlicr was 
added, which is very honourable to his memory. His arti- 
cles gave offence to the Austrian court, and the paper had 
to change both its title and its place of publication. It 
had been commenced at Tubingen, and removed to Stutt- 
gardt. It was novv transferred to Ulm, and again from thence 
to Augsburg. It w^as Cotta’s aim to make this the orgati 
of statesmen and publicists, to reach the public througli 
the thinkers, to hold an even balance between the rival 
parties of the day, and to provide a trustworthy magazine 
of materials for the historians to come ; and, in the course 
of time, his plan was so worked out as to raise the AUge- 
meine Zeitung into European fame. L. F. Iluher suc- 
ceeded Posselt in the editorship. He* was of a family which 
had already distinguished itself in that kind of literary en- 
terprise which more especially aims at fiimiliariztng to the 
minds of one country the great works and the jirevailing 
thought of other countries. He died whilst yet in the prime 
of life, but not before he bad rendered good service. Steg- 
mann, Kolb, IMebold, and Altenliofer have successively been 
the chief editors since Huber’s death. Cotta was also 
founder, at various periods of the Morgenblatt, which ^ v- 

came famous for its critical ability and tact ; of Vesperus ; ^ 

Das Inlands of Nemesis ; of the biqmsiiionshlaU of Weimar 
(lor a time edited by Bertuch) ; and even of the Archives 
Parisiennes. His ventures were not, of course, uniformly 
successf'ul in this or in any other of the many spheres of 
his activity, but it is rare that men of like enterprise have 
made so few failures. Whilst French influence was domi- 
nant in Germany, the German papers were naturally enough 
little more than echoes of the Parisian press. But amidst 
the excitements of the “ war of liberation” a crowd 
new journals appeared, Niebuhr began a iVc?o?.9Mc//ej,>urnaU8in 
Correspondents Gorres undertook tlie Rhnnische il/erewr; by the war 
Wetzel, somewhat later, the Frankmhe Mercur, published of libera- 
at Bamberg; Friedrich Seybold the Neckarzeitumj. Somiirion. 
of these joxirnals lasted but two or three years. Most ol' 
the survivm-s fell victims to that resolution of the Diet (20th 
September 1819) which subjected the newspaper press, 
even ofcountries where the censorship had been formally 
abolished, to police superintendence of a very stringent 
kind. 

T he aspirations &r some measure of freedom which burst 
forth again under the influences of 1830 led to the estab- 
lishment of such papers as Siebenpfeiffef*a Loh^ 
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Kews- bauer’s Efochwdchter ; Wirth’s DetUsche Tribune; Eis- 
papers. enmann^s Baierische Volkshlatt ; Der Freisinnige of Rot- 
V teck and Welcker ; and many more of much freer utter- 

Crusade of theretofore been heard in Germany. This 

the Diet led, in the ordinary course, to new declarations in the Diet 
against the against the license and revolutionary tendencies of the 
German press, and to “ regulations ” of a kind which will be suffi- 
press. ciently indicated by the mention of one, in virtue whereof 
no editor of a suppressed journal could undertake another 
journal, during the space of five years, within any part of 
Germany. It need hardly be added that few of the news- 
papers of 1 830 saw the Christmas of 1 832, V ery gradually, 
after 1840, some of the older journals — and amongst the 
man ^ress number the patriarch of all, the Frankfurter OberpostamU^ 
^^itung — plucked up courage enough to speak out a little ; 
quentlyto and some additional newspapers were again attempted. 
1840, Amongst those which acquired deserved influence were 
Brockhaus^ Deutsche Allgemeine Zeitung^ the advocate of 
free trade and of a moderate liberalism, and possessing alarge 
circulation in Northern Germany ; the Deutsche Zeitung^ 
edited by Gervinus, at Heidelberg (July 1847) ; and the 
Dorfzeitung^ published at Hildburghausen. The stirring 
events of 1848 called forth in Germany, as in so many 
other countries, a plentiful crop of political instructors of 
the people, many of whom manifestly lacked even the ca- 
pacity to learn, and vanished almost as suddenly as they 
had appeared. But it is undeniable that a marked im- 
provement in the ability and energy of the German politi- 
cal press may be dated from this period, and bids fair to 
continue, despite all impediments. 

Statistics the number of German newspapers of all kinds, 

of the Ger- popular journals (Volksblatter) included, but without reek- 
man press oning periodicals devoted to literature * or science, had 
in 1849. amounted to but 335, or thereabout; in 1849 this num- 
ber had increased to 1551, and their geographical distri- 
bution was as follows 


States. Papers. 

No. of 

States. Papers. 

16. Liibeck 4 

2, Austria 74 

17. Luxemburg 4 

18. Mecklenburg 22 


19. Nassau .7, 13 

5. Bremen 18 

20. Oldenburg 8 

21. Prussia.. 632 

7. Frankfort 17 

8. Hamburg 24 

9. Hanover 32 

10. Hesse-Cassel 22 

11. Hesse-Darmstadt 34 

12. Hesse-Homburg 4 

13. Hobenzollern 4 

14. Holstein 17 

15* Lippe-Detmold 4 

22. Keuss 11 

23. Saxony 183 

24. Saxon Duchies 44 

25. Schaamburg-Lippe.N.. 2 

26. Schleswig 5 

27. Schwartzburg 12 

28. Waldeck 2 

29. Wurtemherg 67 


In addition to these, but included in our total of 1551, 
77 German newspapers were published in the Swiss can- 
tons, and 14 in the Baltic provinces of Russia, Many of 
those reckoned in this enumeration have ceased to appear, 
but others have taken their places ; and the total number 
in 1855 was estimated to be a little above 1600. 


The news- beginning of 1840 the whole number of Austro- 

paper press and Austro-Hungarian periodicals, of all sorts, 

inthe^ was under 100; of which but 22 were (after a fashion) 
Austrian political newspapers ; and of these nearly all drew their 
dominions, materials and their inspiration from the official papers of 
Vienna (Wiener Zeitung and Oestreickischer Beobachter), 
These two were all that appeared in the capital. Agram, 
Pesth, Presburg, Limburg, and Prague had each two. 
No other city had more than a single journal, and that 
one a nullity, in the sense in which newspapers were re- 
garded in France, and are still regarded in Britain or 
America. In 1846 the aggregate number of periodicals 
had” grown to 155, of which 46 were political, but poli- 
VOL. xvx. 


tical only in the oharacter of mere conduit-pipes for JJ'ews- 
intelligence ‘^approved of ” by the government. What papers, 
sort of journalists were likely to grow up in these Vien- 
nese leading-strings may be easily imagined. But it 
would have been impossible to have conceived before- 
hand the ludicrous exhibition of their talents which these 
writers made, when the short-lived freedom of the press 
burst upon them like a thunder-cloud in March 1848, 

Yet here, too, as elsewhere, some good seed was cast 
into the ground, which no busy enemy has been able 
quite to root up, and which has already produced the ear- 
nest of a harvest to come. In 1855 the number of poli- 
tical papers published throughout the entire territory, 
at present under Austrian government, the Italian provinces 
excepted, was 57. Their distribution and languages were 
respectively as follows : — 


Cities. 

Num- 
ber of 
News- 
papers. 



Ljinouaqxs. 




Ger- 

man. 

Ma 

ya 

Po- 

llsb. 

Czeo- 

kish. 

Croa 

tian. 

Ser- 

vian. 

Sola- 

vio. 

Bou- 

xnan. 

Vienna 

19 

19 








Lintz 

1 

1 








Salzburg 

2 

2 

... 

... 




... 

... 

Gratz 

1 

1 






... 

... 

Klagenfurth.... 

1 

1 

**• 


... 



... 

... 

Laybach 

1 

1 

... 


... 




... 

Trieste 

3 

1 


In ad( 

lition 

to two in Italian.] 


Prague 

4 

3 


« • • 

1 




... 

Brunn.. 

3 

2 

• « • 

• t* 

1 




... 

Olmutz 

1 

1 

... 

tee 

... 




... 

Troppau 

1 

1 

... 


... 




... 

Innsbruck 

4 

4 







... 

Pesth 

4 

2 

*2 






... 

Presburg 

1 

1 

... 






... 

Agram 

2 

1 

... 


... 

1 



... 

Temesva 

1 

1 

... 






... 

Neusatz 

1 

... 

... 


... 


1 


... 

Hermannstadt .. 

2 

1 

... 






1 

Cronstadt 

2 

1 

... 


• * • 




1 

Lemberg 

2 

1 

... 






... 

Cracow 

1 . 

... 

... 

1 




1* 

... 

Zara 

2 

• •• 

... 

... 

... 



... 

Totals 

59 

*In a 

45 

idditic 

2 

>nto 0 

2 

ne in] 

2 

[taliai 

I 

1 
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In 1856 the leading papers of Vienna, — namely, the 
Ost Deustche Post, the Orsterreichische Zeitung^ and the 
Wanderer , — were in a thriving state. The imposition in 
the autumn of 1857 of a heavy stamp duty on Austrian 
newspapers, together with an additional 50 per cent, on the 
tax upon advertisements, coming, too, as they have come, 
at a time of commercial difficulty, will destroy this pro- 
sperity, and will be another blow at the progress of opinion 
and free aspiration. But it is a step thoroughly Austrian, 
and will, when the end arrives, be found to have had its 

due reward. Prupsian 

In Prussia the influence of the events of 1848 upon then^wspa- 
newspaper press was naturally much greater, and it has per press, 
been also more enduring, than in most other parts of Ger- 
many. There the ground was to a great extent prepared 
for freer discussion, and the men who undertook it were 
better fitted for their work. But even here the contrast be- 
tween the present reality and the past anticipation is not 
enlivening. There is much activity ; little independence. 

The journals which enjoy the widest circulation are distin- 
guished by literary merit and political servility. The Ber* 
liner Privilegirte Zeitung had 12,200 subscribers in 1855; 
the Berlinischen Nachrichten, 7600; the notorious Kreuz^ 
zeitung, the organ of the re-actionists (founded on the 1st 
July 1848), has 5000; the Zeit, 6600; the National Zei- 
tung, 5400- Of the provincial press, the Kdlnische Zeitung 
is foremost ; next to it come the Gazettes of Konigsberg, 
Aix-la-Chapelle, and Breslau. 
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Kews- In Sweden the earliest reo:alar newspaper appears to have 
papers, ijeen the Ordinarie Post-Tidende^ fiist published in 1643, 
and continued until 1680, which was followed by the Svensk 
The news* (1675— 1683), and Rslationes Ouviosos (in 

papers of Latin, like their titles) which began in 1682, and ceased in 
Sweden, jyoi. In 1742 a Swedish newspaper in French {Gazette 
Frangaisede Stockholm) commenced, and was followed, 
in 1 772, by the Mercure de Suede. But the press in Sweden 
had small political influence until so recent a date as 1820, 
when the Argus was established by Johannsen. The strife 
between Classicists ” and ‘‘ Romanticists ’’ spread itself in 
Sweden, as in France, from the field of literature into that 
of politics. Crusenstolpe’s Fdderneslandet^ and Hjerta’s 
Aftonhladet^ were long the most conspicuous of the Swe- 
dish journals; the former on the side of the royalists, the 
latter on that of the reformers. Hjerta’s paper, in its best 
day, could boast of a circulation of 5000 copies ; but on the 
accession of King Oscar it ceased to appear as an opposi- 
sition organ. The official paper is Post ocJi Inrikes Tid^ 
ningar^ the original title of which was Sveriges Statstidning. 
Almost every town in the provinces has its paper. The 
growth of the Swedish press during the present century may 
be thus epitomized:— 


Y«ar. 

1801. 

1821. 


No. of 
Papers. 

26 

48 


Year. 

1829. 

1831. 


No. of 
Paperg. 
.....62 
80 


Yoax. 

1841. 

1850. 


No. of 
Papers. 
,...112 
113 


Kewspa- If in Sweden the political influence of the press is a no- 
pera of velty, in Denmark it is a newer thipg still. Until 1830 
Denmark, Copenhagen had but two papers, and they filled their 
columns with mild extracts from foreign journals.* Real 
activity in this direction dates but froni the establishment of 
the Provincial States in 1834. The oldest existing paper is 
the Berlingske Tidendcy which dates from 1749, and was 
at first published in German. It is now a semi-ministerial 
journal. The Fctdrelandet belongs to the opposition, and 
in 1 848-9 was in a glow of zeal for Scandinavianism and 
Young Denmark.” The total number of political jour- 
nals existing in 1849 was 36. Those belonging to the 
andof Nor- provinces are of small account. The oldest Norwegian 
way, paper is the Christiania Intelligentssedler^ founded in 1763. 

Next to this comes the Adressecontoirs Eflerretningery 
published at Bergen. JDen Constitutionelle is the organ of 
the government, and has absorbed (for in newspaper affairs 
incorporation almost always means absorption) an older 
paper, called Norske Figstidende, The Morgenblad is the 
journal of the popular party, and dates from 1819. 

{Allgemeine Deutsche JReal-Encgclopddiey oder Convert 
satiorts-Lexihon (Zehnte Auflage, 1855), xv. 474-487, 
art. “ Zeitungen”; Journal of the Statistical Society 
of London^ iv. 127-131, art. ‘‘Statistics of Newspapers 
in various Countries,” by P. L. Simmonds; Biographie 
Universelley arts. “Bertuch,” “Cotta,” “Huber,” “Pos- 
selt,” &c.) 


V.— NEWSPAPERS OP HOLLAND AND BELGIUM. 

Kieuwe In respect of the first publication of a newspaper, Bel- 
Tydinghen, gium takes rank before France, Germany, and Britain, 
The Nieuwe Tydinghen of Antwerp, published by Abraham 
in IQOSy as appears by the privilege 

accorded to him for the exclusive retailing of news by the 
Archdukes Albert and Isabella. But as no copy of any 
number of this paper anterior to 1619 is now knowii to 
exist, the statement must stand open to correction upon a 
point* which is at present doubtful, — the fact, namely, 
whether or not this “ Tydinghe” was from its origin a re- 
gular periodical. M. de Jonghe possesses portions of it 
from 1619 to 1630* It seems probable that the Gazette Ex- 
tramdinaris Positydmgheny published by Wilhem Verdus- 
sen between 1637 and 1644, is a continuation of Verhoeven^s 
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paper. But be this as it may, that of Verdussen was cer- Kewa. 
tainly the foundation of the well-known Gazette van Ant- papexa. 
werpen^ which continued to appear until 1827. 

Bruges had also its Niemve Tydinghen uyt verscheyde Early jow- 
gemesten^ published (in black letter) Te Brugghe^ by Nicho- nals of 
laes Breyghely in de Phlips-Stoc-Straete aen S. Donaes, 

When this paper was commenced is uncertain, but various 
numbers of it exist with dates ranging between 1637 and 
1645. In one of these (26th July 1644) a Brusselsche Ga- 
zette of the 24th of that month is quoted, but for which 
citation, no Brussels paper is known of earlier date than 
1649. When the first number of Le Courrier 'veritable des 
Pays-Bas made its appearance, the publisher (Jean Morn- 
maert) prefaces the first number by an address to the reader, 
in which he says : — “ I have long endeavoured to meet with 
somebody who would give employment to my presses in 
defending truth against the falsehoods which malignity and 
ignorance send dimly abroad. I have at length found what 
I sought, and shall now be able to tell you weekly the most 
important things that are going on in the world.” This 
paper became afterwards the Gazette de BruxelleSy then 
Gazette des Pays-Sas; and, under the last-named title, it 
continued to appear until 1791. The Annales PoUtiqmsTAix^mxh 
of Linguet was one of the most remarkable of the political 
journals of Brussels in the last century. For a time the 
editor, won the favour of the Emperor Joseph II. by praising 
his reforms, and the government subscribed for 1200 copies 
of his paper at two louis d^ors each a year ; but here, as in 
almost every other place of residence during his chequered 
career, Linguet at length inctirred fine and imprisonment. 

His journal was at one time so popular that a printer in 
Brussels itself regularly and rapidly published a pirated 
edition of it. When the editor exposed the fraud in very 
severe terms, the pirate faithfully copied the censure with- 
out a word of comment. Le National was a famous {>aper 
for a short period prior to the revolution of 1830. S(Km 
after its cessation [its presses were destroyed by the popu- 
lace on the 26th August] the official journal, Moniteur 
Belgcy was established — “ the ministry deeming it indispen- 
sable, to the success of its great political enterprise, that a 
journal should be created which might expound its views, 
and act daily upon public opinion ; ” and, on decree of the 
regency, it was published accordingly- 

The first newspaper published at Ghent, Gazette van Gcndy 
appeared in 1667. Den Vaderlandety begun in October 
1829, is one of the most widely-circulated of the Flemish 
journals. Holland has always been rich in newspapers, 
but they have usually had more weight commercially than 
politically. Those in most esteem are the AUgemeene 
Bandelsblad of Amsterdam; the Harkmsche CowraMs 
and the Stoats CourarUy and Journal de la Haysy both of 
which are printed at the Haguc- 

( Warz6e, Essai Historique et Critique sur les Joumaux 
Belgesj Gand, 1845, Allgenu Deuische^Real Emy^ 

clopUdicy ut supra; jKoIb, art. “ Linguet” m Biegrapkie 
Vniverselte.) 

VI.— NEW'SPAPERS OP ITALY AND OP THB PHNmSHLA. 

Of the manuscript g^ttes or “ notizie scritte” of Venice, Vsnetlwx 
little need here be sfud. They are memorable as indica- 
tions of the Venetian policy, and also as having probably 
given us (from the small coin for which they might be 
read at certmn public places) our word “ gazette;” but, like 
their congeners in England and in Germany, were not news- 
papers. The often-quoted bull of Pope Gregory XIIL 
was aimed rather at the writers than at the printers of 
news, and when these narratives or “ relations” were at 
length printed, they were occasional, not periodicals Nor 
can it, we believe, be fixed with any certainty at what date 
or in what part of thecountry an ItalW serial new^iaper was 
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ISTews- first printed* In recent times Italy has had many "admirable 
papers, scientific and literary magazines, but political journalism 
has scarcely taken root in that soil. The Diario di Roma^. 
the Gazzetta di Napoli, and many similar papers published 
‘‘ with approbation ” in Lucca, Bologna, Milan, and Florence, 

* have never possessed much influence either for good or evil. 
Newspaper III later days, however, Sardinia has formed a notable ex- 
press of ception to this state of things. No fewer than 45 purely 
' Sardinia, political papers were published in the Sardinian dominions 
in 1852, and of these 41 were in Italian and 4 in French. 
The leading journal was the Parlamento, which, in 1855, 
altered its name to Piemonte, The Opinione represents 
the party of progressive reform ; the Armonia the clerical 
party. The popular paper, entitled Gazzetta del Popolo, 
had, at the last-named date, about 7000 subscribers. Of 
the vast crowd of journals of a popular kind, many of them 
marked by ability, but nearly all of necessity still more 
remarkable for extravagance, which rushed forth so tumul- 
tuously in many parts of Italy in 1847 and 1848, few sur- 
vived the re-action and the repressive atrocities of 1 849. 
Spanish In Spain no newspaper of any kind existed earlier than 
journalism, the last century. Even within half a century of the pre- 
sent year, its capital contented itself with a single journal, 
the Diario de Madrid, The peninsular war, and the es- 
tablishment of the Cortes, gave the first impulse towards 
something which might be called political journalism, but 
tlie change from total repression to absolute freedom was 
too sudden not to be grossly abused. The Diario de los 
Cortes, the Semanario Patriotico (published at Cadiz from 
1808 to 1811), and the Aurora Mallarquina {poXXnhedi 
at Palma in 1812--13), are the first of the new papers that 
attained importance. Most of them fell with the Cortes 
in 1823. In the following year Ferdinand decreed the 
suppression of all the journals except the Diario and the 
Gageta of Madrid, the Gageta de Bayona, and certain 
provincial papers which dealt exclusively wdtii commercial 
or scientific subjects. At the close of his reign but three 
or four papers were published in Madrid. Ten years after- 
wards there were 40 5 but their number is fiir more notice- 
able than their value. Spanish newspapers have been too 
often the mere stepping-stones of political adventurers, and 
not unfrequently the worst of them appear to have served 
the turn more completely than the best. Gonzales Bravo 
attained office mainly by the help of a paper of notorious 
scurrility, — El Guirigay, The Universal and the Correo 
were successively the tools of Jos5 Salamanca. At the 
end of 1854 the number of political journals published in 
Madrid was about 40, and the most conspicuous of them 
were Espana and El Clamor Publico. In Portugal the 
newspaper press is of still less account. The number of 
newspapers published in Lisbon in 1852 was 7; in Oporto, 
5. The Diario do Governo is the official organ. 

{Ally. Deutsche ReahEncyclopddie^ ut supra, 456-460 ; 
Ford, Handbook for Spain, 3d edition, 666 , 667 ; British 
Quarterly Review, vi., 315-332, art. Newspaper Press 
of Spain.”) 

Vn. — ^NEWSPAPEES OP INDIA, AND THE EESTRICTIONS 
IMPOSED ON THEM. 

For a considerable period in the history of the govern- 
ment of India by the Company, the Indian press was very 
unimportant both in character and influence. It was per- 
mitted to shape its course and to gain a position as it 
could, under the potent checks of the deportation power 
and the libel law, without any direct censorship. Nor was 
it found difficult to inflict exemplary punishment on the 
writers of offensive paragraphs.” 

^ Prior to Lord Wellesle/s administration the most con- 
siderable newspapers published at Calcutta were The 
World, The Bengal Journal, The Hurkaru, The Calcutta 
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Gazette (the organ of the Bengal government). The Tele- News- 
graph, The CalcvJtta Courier, The Asiatic Mirror, and papers. 
The Indian Gazette. Mr Duane, the editor of the first- 
named paper, was sent to Europe in 1 794 for “ an inflam- 
matory address to the army 5 ’' as was Mr Charles Maclean, 
four years afterwards, for animadverting in The Telegraph 
on the official conduct of a local magistrate. 

Lord Wellesley was the first governor-general who Lord Wel- 
created a censorship (April 1799). The circumstances 
the time were critical: the war with Tippoo was at its 
height. In writing to Sir Alured Clarke, Lord Wellesley 
thus expressed himself; — ^^“I cannot hut suspect the exist- the censor- 
ence of a systematic design of mischief among the editors of ship of 
several papers, particularly The Asiatic. Mirror, The J5?&-1799. 
graph, and The Post . . . To-day I find in The Post , . ^ 
a plain suggestion to Tippoo of the advantages which he 
might derive by sending his looties into the Carnatic ; and 
in The Mirror . . . you will find a dissertation on the 
causes, nature, and extent, of the conspiracy discovered in * 

Bengal. ... I request you will embark the editor of that 
paper (whom I understand to be a Mr Bruce, a desperate 
Jacobin) Europe in the first ship which shall sail from 

Calcutta^ His lordship then proceeds to establish 
certain regulations for the future control of the press, and 
adds that he is determined, on his return to Bengal, to limit 

the extravagant number of newspapers now published in 
Culcutta.” Of the new press code, the most important 
section runs thus : — 1. No paper to be published at all until 
it shall have been inspected by the Secretary to government, 
or by some person authorized by him.for the purpose.” It 
is honourable to the* memory of the noble marquis, that 
on maturer thought, when the passing excitements of the 
moment had given place to the judicial analysis of self- 
examination, and when policy had been tested by time, he 
indicated his changed views, and his desire that the decree 
of April 1799 should not be made a model, by striking out 
all the passages relating to the Calcutta newspapers from 
the xe^s^&odJ)ispatches, which he was sending to the press. 

According to Mr H. H. Wilson, the later historian of 
British India, “ the duties of the censorship were leniently 
discharged and he inclines to think that “ this control, 
and the improving tastes and feelings of the age, gave to 
the Indian chronicles a new character, and rendered them 
respectable, if not very authentic, vehicles of public infor- 
mation.” But the Marquis of Hastings appears to have -^^ohtion 
judged less favourably of their operation. He 
more important to secure (to use his own words) ‘‘ the 
salutary control which public scrutiny exercises overingsin 
supreme authority, and the cheerfulness and zeal with 1818. 
which all ranks of society co-operate in measures the 
motives and objects of which they understand, and in which 
,they concur.” He therefore, in 1818, abolished the 
censorship. Whatever the “leniency” of its application 
.may have been, the position of the newspaper press was 
unraistakeable. We find it significantly marked by Lord , 
Wellesley himself, when he wrote in 1804 to the Danish 
governor of Serampore, in reply to a complaint against a 
Bengal journal, — “ The necessary orders have been com- 
municated to the editors of the newspapers published in 
Calcutta, for the purpose of preventing the nublication of 
any injurious reflections,” &c. 

The power of transporting obnoxious editors to Europe 
of course remained. Perhaps the most notorious of all in- 
stances of its exertion was that of the editor of The 
Calcutta Journal, the late Mr J. S. Buckingham, which 
occurred immediately after Lord Hastings’ departure from 
India, and during the government of his temporary successor, 

Mr John Adam. What Lord Hastings had regarded as 
salutary Mr Adam stigmatized as highly pernicious. “ The 
governor-general,”, he wrote, “protests against the as- 
sumption of this right of control over the government and 
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Kews- its officers by a community constituted like the European 
papers, society of India.” The removal of Mr Buckingham was 
followed closely (14th March 1823) by a new licensing 
Licensing act, far exceeding in stringency that of Lord Wellesley, 
laws of which had been cancelled five years before ; and on the 
5th of April 1823, by an elaborate “ Regulation for Pre- 
venting the Establishment of Printing-Presses without 
License, and for Restraining, under certain circumstances, the 
Circulation of Printed Books and Papers.” Of this docu- 
ment, it is enough to say, that it appears to have been 
framed with admirable fidelity on the Star-Chamber pre- 
cedents of the sixteenth century. The first application of 
it was to the suppression of Tlie Calcutta JournaL 

Under the Marquis of Hastings, the germ of a native 
press had ventured to show itself. Persian and Bengal 
papers had just started up, when the new laws nipped most 
of them in the bud. In some cases, however, natives suc- 
ceeded in obtaining the necessary licenses for the estab- 
Connection lishraent of others. Meanwhile a question grew into im- 
of govern- portance which had not been provided for,— the right, 
^nts with Company’s servants to connect themselves 

the prwk European press, whether as writers or as pro- 

prietors. On this subject Lord (then Sir C.) Metcalfe 
recorded a remarkable minute in December 1828. At 
this date the repressive laws of 1823 had been already in 
practice relaxed. Lord Metcalfe was strongly in favour of 
increased liberty. He desired that ample power should 
always be possessed by tlie local government for ** protect- 
ing the safety of the state,” but thought that “ to crush 
what is in itself capable of great good, from an apprehension 
that it may possibly, under circumstances as yet uncon- 
ceived, be converted into an evil, would be a forecast more 
honoured in the breach than in the observance 5 ” and re- 
gretted “that the orders of the Court of Directors have not 
left employment in the press open to all their servants, ex- 
cept those in high official stations, ... on the indispen- 
sable condition that such employment should not be allowed 
to interfere with the due discharge of public duties.” 

State of the In the course of the elaborate inquiry into the admini- 
Indian stvation of the government of India, which occupied both 

1832.^” Houses of Parliament in 1832, prior to the renewal of the 

Company’s charter, the statistics of the Indian press were 
thus stated; — (1. European.) Three daily newspapers, The 
Bengal JSurkaru, The John Bully The Indian Gazette; one 
bi-weekly, The Governjnent Gazette ; and two weekly, The 
Bengal Herald, and The Oriental Observer. (2. Native.) 
Janrie Jelian Numa, Summachar Chunduca, Sunbad 
Tuneer Nassuk, Bunga Boot, Sunbad Coumoodg} At 
this period every paper was published, under a license, revo- 
cable at pleasure, with or without previous inquiry or notice. 
The press But, in the words of Mr Sutherland, “ Lord William Ben- 
tinck never interfered with the press, and it has been 
tinck privately understood he never will do so.” He was wont 
to say, according to another good authority, Mr Kaye, “ I 
do not care a straw for the vituperations oF the press ; . . . 
but I have learned more from it than from all the other 
sources of information which have been open to me since I 
assumed the government of this country.” At Madras, on 
the other hand, it remained under rigid restriction. The 
papers, said Mr Sullivan in 1832, “are submitted to the 
chief secretary before publication, and he runs his pen 
through .... whatever may appear to him objectionable.” 
The Madras censorship was removed whilst the parliament- 
ary inquiry of 1832 was still pending. The Bengal Hwr- 
karu was, at the date of Lord W. Bentinck’s government, 
the journal of largest circulation, its average issue (daily 
edition ^d tri-weekly editions together) being 1500. 
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One question only, and that but for a brief interval, dis- News- 
turbed Lord William Bentinck’s love of free discussion, papers. 
The too famous “Half-Batta” measure led him to think 
that a resolute persistence in an unwise policy by the home 
government against the known convictions of the men 
actually at the helm in India, and an unfettered press, were 
two things that could scarcely co-exist. It was on this 
occasion that Sir Charles Metcalfe recorded his minute 
of September 1830, the reasoning of which amply justifies 
the assertion— “ I have, for my own part, always advocated 
the liberty of the press, believing its benefits to outweigh 
its mischiefs ; and I continue of the same opinion.” 

This opinion was nobly carried out in the memorable law 
drafted by Mr (now Lord) Macaulay, and enacted by Sir 
Charles Metcalfe, as governor-general in 1 835. Mr Macau- 
lay’s minute (16th April 1835) contained the pertinent ques- 
tion — “It is acknowledged that in realitylibertyis,and ought 
to be, the general rule, and restraint the rare and temporary 
exception. Why, then, should not the form correspond 
with the reality ? Why should our laws be so framed as to 
make it appear that the ordinary practice is in the higlicst 
degree oppressive, and that freedom can be enjoyed only 
by occasional connivance?” The law of 1835 totally abro- Lord lifet. 
gated the licensing system. It left all men at liberty to law 
express their sentiments on public affairs, under the legal 
and moral responsibilities of ordinary life. It had the 
hearty approval of most Indian statesmen in the front rank. 

But it was as heartily condemned by the Court of Directors 
at borne; and for Sir Charles Metcalfe, it virtually can- 
celled (as far as the East India Company was concerned) 
the honourable and eminent services of thirty-seven years. 

And, after all, the directors discovered that they" dared 
not insist on a return to the system of licenses. The press 
increased in vigour and influence, and as unquestionably 
rose in character. There were, as there will always be, 
discreditable exceptions, in which bad men employed in the 
light of day energies which, under the old system, would 
have found their vent in underground channels. But in 
the main the results have vindicated the policy. Lord 
Metcalfe’s law remained in force until the outbreak of the 
wretched Sepoy mutiny. 

The Act No. XV. of 1857 is entitled, “ An Act to regu- Lord Can- 
late the establishment of Printing Presses ; and to Restrain 
in certain cases the Circulation of Printed Books 
Papers ” Like that of 1 823, on which it is closely modelled, 
it absolutely prohibits the keeping or using of printing- 
presses, types, or other materials for printing, in any part 
of the territories in the possession and under the govern- 
ment of the East India Company, except with tlie previous 
sanction and license of government.” It also gives full 
powers for the seizure and prohibition from circulation of 
all books and papers, whether printed within the Indian 
territories or elsewhere. 

The results of this licensing act have yet to be learned. 

It is enacted for one year from its date ; and the Minutes 
of the government at Calcutta expressly deprecate the 
criticism of its policy, otherwise than as a temporary mea- 
sure. But the Court of Directors, more cautiously, in the 
despatch approving it (26th August 1857), take occasion 
to say, — We do not think it necessary at present to enter 
on the general question of the freedom of the press in India.” 

Whatever may be the eventual verdict of informed Eng- 
lish opinion on the government of India by the Company, 
considered as a whole, there can be nothing premature in 
the assertion, that in their relations with tlie press, both the 
directors at home and the functionaries who have most fully 


unusual orthography which appears in the Company’s edition of the Reporta relatina to India. Accord- 
jug to Mr Wilson there were in 1846 eight native newspapers printed in Calcutta, besides otheis at the different presidencies. 
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Newton, enjoyed their confidence in India, have uniformly distrusted 
Sir Isaac, and dreaded free speech and unfettered discussion. But 
men whose names will long live in the veneration of the 
natives of India, as well as in the memories of their fellow- 
countrymen, are found to be on the other side. That they 
are so, is of good omen for the future. 

{Minutes of Evidence on the Affairs of the East India 
Company^ February to July 1832, i. 98-101 ; 166-180 
(Company’s edition); Report of the Select Committee of 
House of Commons on the Affairs^ &c., 16th August 1832, 
31, 32 (ibid.); Report from Select Committee on the Sup- 
pression of the Calcutta Journal^ 4th August 1834; 
Minutes^ Appendix^ Second Report from 

Select Committee on Indian Territories^ 12th May 1853, 
64-68 ; Further Papers on the Mutinies in the East Indies, 
1857, No. 5, 89-96; Returns relating to the Restriction 
of the Liberty of the Press in India, 24th August 1857, 
passim ; Selections from the Papers of Lord Metcalfe, 1 855, 
311 seq.; The Oriental Herald, 1824, i., 6-77, 123-142, 
1 97-224 ; Letters to the Marquis of Hastings on the Indian 
Press, 1824, 61, &c. ; Memoirs and Correspondence of the 
Marquess Wellesley, i. 281, ii. 128, seq.; Wilson’s 
of British India, from 1805 to 1835, 1848, iii. 581-585.) 


Here our slight survey of a wide subject must needs find Newton, 
pause. To say that the newspaper press, with all its ability Sir Isaac, 
and influence, is as yet but at the threshold of its career, 
is neither presumptuous nor hazardous. In Britain, as well 
as in America, the journals that unite the highest order of 
talents with a manifestly conscientious sense of responsi- 
bility for the use of them, do but put into stronger light 
the defects of their opposites. We as little believe that 
the newspaper, at its best, will ever supersede books and 
pulpits, as we have faith in the much-bruited but very 
silly assertion, that “a number of The Times contains 
more instruction than all Thucydides.” Until the jour- 
nalists and the readers of a country are alike imbued with 
the spirit of (at least) their national classics, neither the 
full powers nor the highest functions of journalism will be 
elicited. But when a public thus intellectually nurtured 
shall be daily addressed by a press plainly under the guid- 
ance of religious principle, then unquestionably the power 
of instilling the same thought, at the same moment, into 
thousands of minds will prove the mightiest of all the se- 
cular agents of civilization, — the most effective of all curbs on 
misgovernment, whether arising from the errors of rulers or 
the temporary excitements of popular majorities, (e, e.) 


NEWTON, Sir Isaac, a distinguished mathematician 
and natural philosopher, was born at the manor house of 
Woolsthorpe, about half a mile to the west of Colsterworth, 
in Lincolnshire, and some six miles to the south of Grantham. 
His birth, which was premature, took place on the 25th of 
December, 0. S. 1642. His father, Mr Isaac Newton, was 
proprietor of Woolsthorpe, worth about L.30 per annum, 
and farmed it with his own hands. His mother was Harriet 
Ayscough, the daughter of Mr James Ayscough, of Market- 
Overton, in Rutlandshire. They had been married only a 
few months when Mr Newton died, leaving bis wife in a 
state of pregnancy. The posthumous child was so small 
that “ they might have put him into a quart mug,” and no 
expectation was entertained of his continuing to live. 
“ Providence, however,” as his biographer observes, “ had 
otherwise decreed ; and that frail tenement, which seemed 
scarcely able to imprison its immortal mind, was destined to 
enjoy a vigorous maturity, and to survive even the average 
term of human existence.” Mrs Newton possessed a small 
property in Leicestershire, about three miles from Wools- 
thorpe, which raised her annual income to about L.80. 

In consequence of the marriage of Mrs Newton to the 
Rev. Mr Smith of North Witham, she left her son Isaac 
under the charge of her mother. He received his early 
education at two day schools at Skillington and Stoke; and 
in his twelfth year he went to the public school at Gran- 
tham, taught by Mr Stokes, and was boarded at the house 
of Mr Clark, an apothecary. Here his attention was less 
occupied with his studies than with the mechanical amuse- 
ments, in which he spent all his leisure hours. Models of 
wind-mills, water-clocks, and self-moving carriages, were 
executed by him in succession ; and he contrived to amuse 
his schoolfellows with paper kites and paper lanthorns, 
which he raised to great heights in the air. 

From the play-things of his childhood, Newton made a 
rapid transition to higher amusements. The daily move- 
ments of the sun were traced upon the walls and roofs of 
the buildings at Woolsthorpe. By means of pins and lines 
he indicated the hours and half hours of his rude dials ; and 
though he was now employed in tending the cattle, and 
going to the market at Grantham, yet he was often, found 
studying mathematics under a hedge, or gleaning fragments 
of science from old books in Mr Clark’s garret at Grantham. 
This inattention to the duties of the farm increased with his 
years, and his mother came to the resolution of giving him 
an academical education. After the preparation of a few 


months at Grantham school he was sent to Cambridge, 
where he was admitted a subsizer of Trinity College on the 
5th of June 1661, a bachelor of arts in 1665, a junior fellow 
in 1667, and master of arts in 1668. Young Newton’s 
attention was first turned to the study of mathematics by a 
a passion for judicial astrology. He considered the propo- 
sitions in Euclid as self-evident truths ; and in the geometry 
of Descartes, the Miscellanies of Schooten, the Clavis of 
Oughtred, and the Arithmetic of Infinites of Wallis, he 
acquired his first knowledge of the mathematics. Kepler’s 
Optics and Saunderson’s Logic were amongst the books 
which he carefully studied, and upon which he wrote com- 
ments; and so rapid was lus progress in knowledge, that he 
was considered as being more deeply versed in several 
branches than his own tutor. In the year 1666 he pur- 
chased a prism for the purpose of studying Descartes’ 
Theory of Colours ; and early in 1668 three additional 
prisms, which were no doubt those used by him in his 
experiments. He had in 1666 applied himself to the 
grinding of ‘‘ optic glasses of other figures tlian spherical 
and finding that there were other causes than the imperfect 
converging of rays to a focus which rendered refracting 
telescopes imperfect, he was led to inquire into the cause of 
the colours produced by lenses and prisms, and to make 
those splendid discoveries respecting the different refrangi- 
bility of the rays of light, the history and nature of which 
will be found in the article Optics. 

Having despaired of improving the refracting telescope, 
Newton directed his attention to the reflecting one. At 
this time Gregory’s Optica Promota, published in 1663, 
fell into his hands ; and, in considering the construction of 
the Gregorian telescope there described, ‘^he found the 
disadvantages of them so great,” “ that he altered the design 
of it, and placed the eye-glass at the side of the tube rather 
than at the middle.” On this altered principle he executed 
a reflecting telescope with his own hands in the year 1668. 
In 1671 he finished a better one, which was shown to the 
king, and presented to the Royal Society, in whose custody 
it still remains. 

Although Newton delivered a course of lectures on optics 
in Cambridge in 1669, 1670, and 1671, containing an 
account of his discoveries respecting the different refrangi- 
bility of the rays of light, yet the Royal Society was not 
acquainted with them till 1672. On the 23d of December 
1671 he was proposed as a member of that body by Dr 
Seth Ward, bishop of Sarum, and he was elected on the 
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Kewton, ,Ilth of January 1672. On the 6th of February he com- 
Sir Isaac, municated to Mr Oldenburg his discoveries respecting 
^ light, which he regarded as “ the oddest, if not the most 
considerable, detection which had hitherto been made in 

the operations of nature.” _ u i. i- 

No sooner was it communicated to the world that white 
light consists of seven diiferent colours, having different 
degrees of refrangibility, than a crowd of obscure indivi- 
duals assailed, not only his conclusions, but the accuracy 
of the experiments from which they had been derived. Dr 
Hooke and Huygens attacked them on different grounds ; 
but Newton, in a letter to Oldenburg, dated the 11th of 
June 1672, silenced the arguments of his opponents, and 
established his general doctrine upon an impregnable basis. 

The colours of thin plates, first observed by Boyle, and 
studied by Hooke, had occupied the special attention of 
Newton. The results of his inquiries were laid before die 
Royal Society on the 7th of December 1675, and about 
twelve years afterwards the theory of fits was completed, 
and applied to the explanation of the permanent colours 
of natural bodies. These researches, however, including 
his experiments on the inflexion of light, which he gives 
only as ah imperfect fragment, were not published till 
1704, when his treatise on Optics appeared. (See the 
article Optics). 

The first idea of gravity as the cause of the celestial mo- 
tions occurred to Newton in the year 1666, when sitting 
alone in the garden of Woolsthorpe. Conjecturing that it 
might extend as far as the moon, he was led to confirm the 
conjecture by calculation, and thus to establish the doc- 
trine of universal gravitation, that every particle of matter 
is attracted by, or gravitates to, every other particle of 
matter, with a force inversely proportional to the square 
of the distance.’^ This great discovery, and its application 
to the movements of the planetary system, as well as to 
that of the comets, was published in 1686, in his Philoso- 
phicB Naturalis Principia Mathematical a work which, to 
use the words of Newton’s biographer, is memorable, not 
only in the annals of one science or one country, but will 
form an epoch in the history of the world, and will ever be 
regarded as the brightest page in the records of human 
reason.” This remarkable production was speedily circu- 
lated over Europe ; and although the discoveries which it 
contained were for a while opposed by national as well as 
personal jealousies, yet the Newtonian philosophy made 
rapid progress, and finally supplanted the rival systems of 
Aristotle and Descartes. 

As early as the year 1666 Newton had discovered the 
binomial theorem and the method of fluxions ; and although 
he had not communicated this discovery to any of his 
friends, yet he had clearly described the principle, and ex- 
hibited the application of his method, in his Analysis per 
Equationes numero Terminorum infinilas, a work which he 
had communicated to Dr Barrow in June 1669, and which 
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was not published till 1701, nearly half a century after it Newton, 
was written. Our readers are well aware that the disco- Sip Isaac, 
very of fluxions was claimed by Leibnitz, and that the 
controversy which sprung out of this claim is scarcely yet 
at an end.^ 

From the year 1669, when Newton was appointed to 
succeed Dr Barrow as Lucasian professor of mathematics 
at Cambridge, till 1688, he led a secluded life within the 
walls of his college ; but events now occurred which drew 
him from retirement, and placed him conspicuously on the 
stage of public life. James II., desirous of re-establishing 
the Catholic fmth as the national religion, had begun to 
assail the privileges of his Protestant subjects. He ordered 
Father Francis, an ignorant Benedictine monk, to be re- 
ceived at Cambridge as a master of arts, and the oaths of 
allegiance and supremacy to be dispensed with. The uni- 
versity resisted this illegal mandate, and chose nine dele- 
gates to defend their independence. Having joined in re- 
sisting the wishes of the court, Newton was chosen one of 
the delegates ; and such was their firmness, and the argu- 
mentative weight of their representations, that the king 
was led to abandon his design. Newton’s popularity was 
extended by the success of the delegates, and he was elected 
member for the university in 1688, along with Sir Robert 
Sawyer, having beaten Mr Finch by only five votes. 

Newton sat in the convention parliament from January 
1689 till its dissolution in Februai^ 1690. 

In the discharge of his parliamentary duties, he no 
doubt experienced the unsuitableness of his income to bis 
new position. The limited means of his relations, and his 
own generous disposition, had exhausted his scanty re- 
sources, and he and his friends naturally looked to some 
patronage on the part of the government which might ena- 
ble him to pursue his scientific researches, unembarrassed 
by those physical wants which have ever been the scourge 
of genius, and especially of that variety of it which is called 
forth by patient and continuous inquiry. There is ample 
evidence that unsuccessful applications had been made for 
this purpose ; and the vexation and disappointment which 
this ingratitude produced, combined with other causes, 
seem to have thrown Newton into a state of nervous irri- 
tability, which threatened to paralyze even his mighty in- 
tellect. It is difficult to trace with distinctness the suc- 
cession of causes which at this time contributed to disturb 
his serenity ; but it has been said that, about the end of 
1692, or early in 1693, his chemical laboratory had been 
burned, and a number of manuscripts destroyed ; and on 
another occasion, several valuable manuscripts were con- 
sumed by a candle which he had left burning whilst he went 
to chapel. These losses seem to have affected him deeply, 
and “ he was so troubled thereat, that every one thought be 
would have run mad, and he was not himself for months 
after.” Another account of these events, communicated by 
one Colin or Collins to Huygens,® represents Newton as 


1 A full account of this- controversy will be found in the article Fluxions, and in Preliminary Dissertation IV., part li., 8 1. 
Many curious facts and documents recently brought to light will be found in Sir David Brewster’s Memir$ of iho LifOj WHHnffi, an4 
Discoveries of Sir Isaac Netoton^ 1855, chaps, xiv. and xv. 

2 The following extract from the manuscript of Huygens was first published in Biot’s Life o/JVisurto»;— « On the 29th of May 1694, 
M. Colin (CbKtW or Colm), a Scotsman, informed me that, eighteen months ago, the illustrious geometer Isaac Newton had 'become 
insane, either in consequence of his too intense application to his studies, or from excessive grief at having lost by fire his chemic^ 
laboratory, and several manuscripts. When he came to the Archbishop of Cambridge (Canterbury), he made some observations which 
indicated an alienation of mind. He was immediately taken care of by his friends, who confined him to his home, and applied remedies^ 
by means of which he had now so far recovered his health that he began to understand the Prinotpia:^ The M. Colin here mentioned 

Collins, the son of John Collins, the early friend of Nevvrton. (See Memoirs of Newton, &c., 1865, vol. iL, p. 131, note.) 

The following extract from a manuscript journal kept by Mr Abraham de la Pryme, an ancestor of Professor Pryrae, when a student 
at Cambridge, throws much light on this part of Newton’s life « 1692, Feb. 3. What I heard to-day I must relate. There Is one Mr 
Newton (whom I have very often seen), fellow of Trinity College, that is mightily famous for his learning, being a most excellent ma- 
ttematician, philosopher, divine, &c. He has been fellow of the Royal Society these many years ; and amongst many other very learned 
books and tracte, he has written one upon the mathematical principles of philosophy, which has got him a mighty name, he having 
received, es^cially from Scotland, abundance of congratulatory letters for the same. But of all the books which he ever wrote, there 
was one of Colours ^ Light, established upon thousands of experiments, which he had been twenty years of maklnit, and which had 
cost him many hundreds of pounds. This book, which he valued so much, and which was so much talked of, had ^ ill luck to perish. 
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KewtoM, having actually become insane, and unable to understand 
Sir Isaac, his own writings ; and, relying upon the accuracy of this 
statement, M. Biot and other French philosophers consi- 
dered his insanity as the reason why Newton had ceased 
to make scientific discoveries. They even went so far as 
to ascribe *his study of theology to this enfeebled state of 
mind, and thus to deprive our faith of that support which 
it derived from having been illustrated and defended by so 
great an expositor and champion. 

That the mind of Newton was sound and active during 
the period when it is said to have been seriously disturbed, 
has been proved by many undoubted facts. In this in- 
terval he composed his four celebrated letters to Dr Bentley 
on the existence of a Deity ; letters which evince a power 
of thought, and a serenity of mind, incompatible even with 
the slightest obscuration of his faculties. The first of these 
letters was written on the 10th of December 1692 ; the 
second on the 17th of January 1692-3 ; the third on the 
11th pf February, and the fourth on the 25th of Febru- 
ary 1693-4. These letters were written in answer to 
some queries sent to him by Dr Bentley. After Dr Bent- 
ley had received the third letter, he sent to Sir Isaac an 
abstract of his first unpublished sermon, requesting him ‘‘ to 
acquaint him with what he found in it not conformable to 
truth and his hypothesis and it was to this letter that the 
fourth was a reply. In 1692 we find him also engaged in 
mathematical researches on the quadrature of curves, and 
in observations on halos ; and in November and December 
1693 he was occupied in discussing mathematical questions 
with his correspondents. On the 1st of September 1694 
Newton visited ‘ Flamsteed at Greenwich, and he was at 
that time occupied with the difficult and profound subject 
of the lunar theory, and with his fine theory of astronomical 
refractions. 

That Newton’s health was afiected from the middle of 
1692 to the middle of 1693, is quite certain; and that his 
nervous system was shaken by loss of sleep and appetite, is 
mentioned by himself. Exaggerated rumours had reached 
his friends in London, and Mr Pepys was led to inquire if 
these rumours of a discomposure of his mind had any founda- 
tion. Mr J. Millington, who was tutor of Magdalene 
College, returned the following answer: — ‘‘I was, I must 
confess, very much surprised at the inquiry you were 
pleased to make by your nephew about the message that 
Mr Newton made the ground of his letter to you, for 
I was very sure I never either received from you or de- 
livered to him any such; and, therefore, I went imme- 
diately to wait upon him, with a design to discourse with 
him about the matter ; but he was out of town, and since 
I have not seen him, till, upon the 28th, I met him at 
. Huntingdon, where, upon his own accord, and before I 
had time to ask him any question, he told me that he 
had writt to you a very odd letter, at which he was 
much concerned ; added, that it was in a distemper that 
njuch se&ed' his head, and that kept him awake for about 
five nights together, which, upon occasion, he desired I 
would represent to you, and beg your pardon, he being 
very much ashamed he should be so rude to a person for 
whom he hath so great an honour. He is now very well, 
and though I fear he is under some small degree of melan- 
choly, yet I think there is no reason to suspect it hath at 
all touched his understanding, and I hope never will ; and 
so I am, sure all ought to wish that love learning, or the 


honour of our nation, which it is a sign how much, it is Kewton, 
looked after^ WHEN SUCH A PERSON AS Mr Newton lyes 

NEGLECTED BY THOSE IN POWER.” 

In the beginning of the year 1692, Charles Montague, 

Lord Monmouth, and Mr Locke, were exerting themselves 
to obtain some appointment for Newton. In his letters to 
Locke, Newton himself refers, with a considerable degree 
of feeling, to these exertions. He conceived that Charles 
Montague, under the influence of some old grudge, had 
been false to him, and that there had been a design to sell 
him an office ; and it is to the failure of these attempts 
that Mr Millington alludes with such just severity in the 
letter which we have quoted. 

Newton was now in the fifty-third year of his age ; and 
whilst those of his own standing at the university had been 
appointed to high stations in the church, or to lucrative 
ofiices in the state, he still remained without any mark of 
national gratitude. His fellow-labourers in science in every 
part of Europe were enjoying the favour and protection of 
their respective sovereigns, who had even invited foreign 
philosophers to their capitals to enjoy the liberality which 
they had extended to their own. Foreigners viewed with 
astonishment the treatment of Newton by his own sove- 
reign, and in 1698 the French king had the nobleness of 
mind to offer him, through Cassini, a liberal pension. 

But this blot upon the English name was at last removed 
by Charles Montague when, in the year 1694, he was ap- 
pointed chancellor of the exchequer. He had previously 
consulted Mr Newton upon the subject of the recoinage ; 
and when Mr Overton, the warden of the mint, was made 
a commissioner of customs, he served both his friend and 
his country by appointing Newton to that important office. 

“ I am very glad,” says he, “ that at last I can give you a 
good proof of my friendship, and the esteem the king has 
of your merits. Mr Overton, the warden of the mint, is 
made one of the commissioners of the customs, and the 
king has promised me to make Mr Newton warden of the 
mint. The office is the most proper for you. ’Tis the chief 
office in the mint; ’tis worth five or six hundred pounds 
per annum, and has not too much business to require more 
attendance than you can spare.” 

The chemical and mathematical knowledge of Newton 
proved of great use in carrying on the recoinage, which was 
completed in about two years ; and such was the zeal and 
devotion with which Newton discharged the laborious duties 
of this office, that he was appointed, in 1697, to the master- 
ship of the mint, which was worth between twelve and 
fifteen hundred pounds per annum. In this situation he 
drew up a table of assays of foreign coins, and composed 
an official report on the coinage. ' Having retained his pro- 
fessorship at Cambridge whilst he was warden, he now 
appointed Mr Whiston as his deputy, with all the emolu- 
ments of the chair. 

In 1660 Neyj^ton was elected a Foreign Associate of the 
Ttoyal Academy of Sciences at Paris, dong with Leibnitz 
and the two Bemoullis. In 1701 he was elected one of 
the members of Parliament for the University of Cambridge. 

In 1703 he was raised to the presidency of the Royal Society 
of London, to which he was annually re-elected, during the 
remaining twenty-five years of his life. 

When Queen Anne and the court visited Cambridge on 
the 16th of April 1705, she conferred the honour of knight- 
hood on Mr Newton. 


and be utterly lost, just when the learned author was almost at putting a conclusion to the same, after this manner. In a winter’s 
morning, leaving it among his other papers on his study table, whilst he went to chapel, the candle, which he unfortunately left burning 
'there too,,catched hold by sdme ineabs of other papers, and they fired the aforesaid hook and utterly consumed it, and several other 
vdtftihle Writihg&; and, which is most wonderful, did no further mischief. But when Mr Newton came from chapel, and had seen 
what was done, every one thought be would;' have run mad; he was so troubled thereat, that he was not himself for a month after,” 
(Brewster’s Xi/e o/iVewicon, 1831, p. 228 .)i - , / . ^ 

^ The interesting letter containing this request has been published for the first time in the Memoirs of Newton^ &c., 1855, vqI. ii^ 
App. X,, p. 463, 
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N'ewtoh, On the dissolution of Parliament in 1705, Sir Isaac was 

Sir Isaac, again a candidate for the representation of the university ; 

but he was beaten by a great majority. He was supported 
by all the resident members ; but being a Whig in politics, 
and the cry of the church in danger having been raised on 
that occasion, he became the victim of the ignorance and 
fanaticism of the non-resident constituency. 

The first edition of the Principia having been sold off, 
Dr Bentley and his other friends had, for a considerable 
time, been urging Sir Isaac to prepare a new edition. The 
duties of the mint would not permit him to devote much 
time to such a task; but he willingly complied with the 
request of his friends, when Mr Roger Cotes, Plumian pro- 
fessor of astronomy at Cambridge, undertook to superintend 
its publication. Newton promised to send his own revised 
copy to Mr Cotes in July 1709 ; but delays took place, and 
the work was not completed till the spring of 1713. Nearly 
three hundred letters — ^passed between Sir Isaac and Cotes, 
and in which the various alterations and additions are dis- 
cussed — ^have been preserved in the library of Trinity Col- 
lege, Cambridge, and published by Mr Edleston in 1850. 

When George I. succeeded to the throne of Great Bri- 
tain, Sir Isaac became an object of interest at court. The 
Princess of Wales, afterwards queen-consort to George II., 
took great pleasure in conversing with him, and in corre- 
sponding with Leibnitz. Having one day mentioned to her 
Royal Highness a new system of chronology which he had 
composed while resident at Cambridge, she requested Sir 
Isaac, through the Abb§ Conti, to give her a copy of it. 
He accordingly drew up an abstract of it from the loose 
papers to which it had been committed, and sent it to the 
princess for her private use alone. He afterwards allowed 
a copy to be given to the Abbe Conti, on the condition of 
its not being communicated to any person whatever. The 
abb^, however, forgetting his obligation, communicated it 
to M. Freret, a learned antiquary in Paris, who translated 
it, and endeavoured to refute it. It was printed early in 
1 725, under the title of Abrege de Chronologie de M. le 
Chevalier Newton^ fait par lui-meme, et traduit sur le 
Manuscrit Anglais, U pon receiving a copy of this work, 
Sir Isaac Newton printed, in the Philosophical Transac- 
tions for 1 725, a paper entitled, Remarks on the observa- 
tions made on a Chronological Index of Sir Isaac Newton, 
translated into French by the observator, and published at 
Paris.'' In these remarks Sir Isaac charges the abbe with 
a breach of promise, and gave a triumphant answer to the 
objections which Friret had urged against Ins system. 
Father Souciet entered the field in defence of Freret ; and 
in consequence of this controversy, Sir Isaac was induced 
to prepare his larger work, which was published in 1728, 
after his death, and entitled the Chronology of Ancient 
Kingdoms amended; to which is prefixed a short Chronicle 
from the First Memory of Kings in Europe to the conquest 
of Persia by Alexander the Great, 

There is no part of Sir Isaac Newton's biography more 
remarkable than that which relates to his theological stu- 
dies. From a very early period of his life Newton had 
seriously embarked in the study of theology. Previously to 
1692 he was known by the appellation of an excellent 
divine, and it is well known that he had begun to study the 
subject of the prophecies before 1690 ; whereas, in order 
to show that his theological writings were the productions 
of his dotage, and subject to his supposed mental aliena- 
tion, M, Biot has fixed their date between 1712 and 1719, 
between the seventieth and the seventy-seventh year of 
his age. 

One of the most remarkable of Sir Isaac's theological 
productions is his Historical Account of Two Notable Cor- 
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ruptions of the Scripture^ in a letter to a friend. This friend 
was Mr Locke, who received the letter in November 1690. Sir 
Sir Isaac seems to have been then anxious for its publica- 
tion ; but as the effect of his argument was to deprive the 
Trinitarians of two passages in favour of the Trinity, he 
became alarmed at the probable consequences *iof such a 
step. He therefore requested Locke, who was then going 
to Holland, to get it translated into French, and published 
on the Continent. Being prevented from going to Hol- 
land, Locke copied the manuscript, and sent it, without 
Newton's name, to M, le Clerc, who received it before the 
11th of April 1691. On the 20th of January 1692, Le 
Clerc announced to Locke his intention to publish the 
pamphlet in Latin ; and upon intimating this to Sir Isaac, 
he entreated him “ to stop the translation and impression as 
soon as he could, for he designed to suppress them." This 
was according done ; but Le Clerc sent the manuscript 
to the library of the Remonstrants, and it was afterwards 
published at London in 1754, under the title of 'Two Let- 
ters from Sir Isaac Newton to M, le Clerc, This edition 
is imperfect, and in many places erroneous. Dr Horsley 
therefore published a genuine one, which is in the form of a 
single letter to a friend, and was taken from a manuscript 
in Sir Isaac's own hand, in the possession of the Reverend 
Dr Ekins, dean of Carlisle.^ 

Sir Isaac Newton left behind him in manuscript a work 
entided Observations on the Prophecies of Daniel and the 
Apocalypse of St John, which was published in London in 
1733, in one volume 4to 5 another work entitled Lexicon 
Propheticurny with a dissertation on the sacred cubit of the 
Jews, which were printed in 1737 ; and Four Letters ad- 
dressed to Dr Bentley, containing some arguments in proof 
of a Deity, which were published by Mr Cumberland, the 
nephew of Dr Bentley, in 1756.® Sir Isaac also left a 
Church History complete; a History of the Creation; 
Paradoxical Questions regarding Athanasius, and many 
divinity tracts. 

Sir Is^c Newton devoted much of his time to the study 
of chemistry ; but the greater number of his experiments 
still remain in manuscript. His Tabula Quaniitatum ei 
Graduum Caloris contains a comparative scale of tempe- 
rature from that of melting ice to that of a small kitchen 
coal fire. He wrote also another chemical paper, De Na- 
tura Acidoruniy which has been published by Dr Horsley. 

Sir Isaac spent much time in the study of the works of 
the Alchemists. He had diligently studied tlie works 
of Jacob Behmen, and there were found amongst Sir 
Isaac’s manuscripts copious abstracts from them in his own 
handwriting. In the earlier part of his life he and his re- 
lation Dr Newton of Grantham had put up furnaces, and 
had wrought for several months in quest of the pluloso- 
pheris tincture. These views are rendered more probable 
by the fact, that among the manuscripts in the posses- 
sion of the Earl of Portsmouth, there are many sheets, in 
Sir Isaac's hand, of Flsonsteed's Explication of Hiero- 
glyphic Figures, and in another Imnd many sheets of Wil- 
liam Y worth's Processus MysteriiMagni Philosophicm. 

Amongst the inventions of Sir Isaac Newton we must 
enumerate his r^ecting telescope, his reflecting micro- 
scope, a sextant similar to Hadley's, and his prismatic re- 
flector, with plane and convex surfaces. We owe also to 
him some very interesdng views on the decussation of the 
optic nerves, which were first published in Harris’s Optics; 
a hypothesis respecting ether as the cause of light and 
gravity ; and some experiments upon the excitation of 
electricity on glass.’"* 

The sale of the second edition of the Principia having 
been rapid, a third edition was called for in 1722. Roger 


1 See Brewster's Ufe of Newton, 1831, p. 276. 
, * Neivtoni Opera, by Horsley, voL’ iv., p, 376 . 


* The original letters arc preserved in the library of 'Prinity CbUega, Cambridge. 
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Newton, Cotes had died in the prime of life, and therefore New- 
Sir Isaac, ton engaged Dr Pemberton to superintend the new edi- 
tion, which was published in 1726, with numerous altera- 
tions.^ 

During the last twenty years of Sir Isaac’s life, his beau- 
tiful and accomplished niece, Miss Catherine Barton, had 
managed his domestic concerns. She was the daughter of 
Mr Robert Barton of Brigstock, and of Hannah Smith, 
Newton’s half sister. She had been a great favourite of 
Charles Montague, Earl of Halifax, who, at his death in 
1715, bequeathed to her a very large portion of his fortune. 
This lady, who had been educated at Sir Isaac’s ex- 
pense, married Mr Conduit, and continued to reside with 
her husband in Sir Isaac’s house until the time of his 
death. Although the liberality of Lord Halifax to Mrs 
Barton surprised her contemporaries, yet she was regarded 
by all who knew her as a woman of strict honour and 
virtue. As the niece of Newton, and the wife of Mr 
Conduit, his successor in the mint, she moved in the high- 
est circles ; and during the century which has elapsed since 
her death, it has never even been supposed that her con- 
nection with Halifax was impure. Professor De Morgan, 
however, has recently attempted to show that she must 
either have been the wife or the mistress of that noble- 
man ; and as there is not the slightest proof of a marriage, 
we are forced by this groundless hypothesis to take the most 
painful view of her chai*acter. Regarding this opinion as 
derogatory to the character of Newton, his biographer has 
shown, in the most satisfactory manner, that there is no 
foundation whatever for the opinion that Mrs Barton was 
either the wife or the mistress of Halifax, and has restored 
her to her high position as the niece of Newton, and the 
female head of the noble house of Portsmouth, 

In the year 1722, when Sir Isaac was eighty years old, 
he had been seized with an incontinence of urine, which was 
ascribed to stone. By great attention to diet and regimen 
he succeeded in keeping down this dreadful malady ; but 
in August 1724 he passed a sniall stone, and for some 
months enjoyed a tolerable degree of health. In January 
1725 he was seized with a violent cough and inflammation 
of the lun^, which induced him to reside at Kensington ; 
and in the February of the same year he had a fit of gout 
both in his feet and hands, which produced a decided im- 
provement in his general health. His duties at the mint 
were discharged by Mr Conduit, and he therefore seldom 
went from home. Feeling himself well, he went to Lon- 
don on the 28th of February 1728, to preside at a meeting 
of the Royal Society ; but the fatigue which attended this 
duty brought on a violent return of his former complaint, 
and he returned to Kensington on the 4th of March, when 
Dr Mead and Dr Chesselden pronounced his disease to be 
stone. He endured the sufferings of this complaint with 
wonderful patience and meekness. He seemed a little 
better on the 15th of March, and on the 18th he read the 
newspapers and conversed with Dr Mead ; but at six o’clock 
in the evening he became insensible, and continued in that 
state till Monday the 20th of March, when he expired 
without pain between one and two o’clock in the morning, 
in the eighty-fifth year of his age. His body was removed to 
London, and on Tuesday the 28th of March it lay in state 
in the Jerusalem, Chamber, and was thence conveyed to 
Westminster Abbey, where it was buried near the entrance 
into the choir, on the left hand. The pall was supported 
by the. Lord Chancellor, the Dukes of Roxburghe and 
Montrose, and the Earls of Pembroke, Sussex, and Mac- 
clesfield, who were fellows of, the Royal Society, the Hon. 
Michael Newton, K.B., was chief mourner. The Bishop 
of Rochester performed the funeral service. The relations 
who inherited his personal estate devoted L.500 to the 


erection of a monument to his memory. It was finished Newton, 
in 1731, and was erected in the centre of the abbey. The 
following is the epitaph inscribed upon it •. — 

Hie situs est 

Isaacus Newton, Eques auratus, 

Q,ui animi vi prope divina 
Planetarum motus, figures, 

Cometarum semitas, Oceanique .dBstus 
Sua Mathesi facem praeferente 
Primus demonstravit; 

Radiorum Lucis dissimilitudines 
Colorumque inde nascentium proprietates 
Quas nemo antea vel suspicatus erat, pervestigavit ; 

Naturae, antiquitatis, S. Scriptura 
Sedulus, sagax, fidas interpres; 

Dei opt. max. majestatem philosopbia asseruit ; 

Evangelii simplicitatem moribus expressit. 

Sibi gratulentur mortales, tale tantumque extitisse, 

HnMi.Ni Generis Decus 
Natus xxv. Decemb. mdcxlix 5 Obiit xx. Mar. 

MDCCXXVII. 

In the beginning of the year 1731, a medal was struck 
at the Tower in honour of Sir Isaac Newton, bearing the 
motto Felix cognoscere causas ; and on the 4th of February 
1755 a fine full-length statue of him by Roubiliac, exe- 
cuted in white marble, was erected in the antichapel of 
Trinity College, Cambridge, at the expense of Dr Robert 
Smith, the author of the Complete System of Optics, The 
pedestal bears the inscription from Lucretius, — 

Qui genus humanum ingenio superavit ; 

a eulogium which may be questioned even by those who 
are the greatest admirers of Newton’s genius. 

The personal estate of Sir Isaac Newton amounted to 
about L.32,000. It was divided amongst his four nephews 
and four nieces of the half blood, the grandchildren of his 
mother by the Rev. Mr Smith. The family estates of Wools- 
thorpe and Sustern were bequeathed to John Newton, 
whose great-grandfather was Sir Isaac’s uncle, by whom 
they were sold in 1 732 to Mr Edmund Tumor of Stoke 
Rocheford. Sir Isaac bequeathed his estate at Kensington 
to Catherine, the only daughter of Mr Conduit, who after- 
wards married Mr Wallop, the eldest son of Lord Lyming- 
ton, and subsequently Earl of Portsmouth. Sir Isaac was 
succeeded as warden and master of the mint by his nephew, 

Mr Conduit, who died in 1737. 

In his social character Sir Isaac Newton was modest, 
candid, and affable, accommodating himself to every class 
of society in which he moved. His humility was that 
of a philosopher who had experienced both the strength 
and the weakness of the human mind, and of a Christian 
who was deeply impressed with the unsatisfying nature of 
all earthly greatness. “ I do not know,” said he, a short 
time before his death, “ what I may appear to the world ; 
but to myself I seem to have been only like a boy playing 
on the sea-shore, and diverting myself in now and then 
finding a smoother pebble or a prettier shell than ordinary, 
whilst the great ocean of truth lay all undiscovered before 
me,” His religious and moral character were equally ad- 
mirable. He was deeply versed in the knowledge of the 
Scriptures, and was not equalled in point of theological 
learning by any of the divines of his age. He was a great 
friend of religious toleration, and never scrupled to express 
his abhorrence of even the mildest species of religious per- 
secution. 

Sir Isaac Newton was remarkable for his liberality upon 
all occasions. His charity was boundless ; and he was in 
the habit of remarking, that those who gave away nothing 
till they died never gave at all. • He wrote to the Provost 
of Edinburgh in 1724, offering L.20 annually to Mr Mac- 


^ Pemberton’s letters to Newton are among the Portsmouth papers. See Brewster’s Mtmoirs, &c., 1855, vol, ii., p. 380. 
TOL. XVI. 2 D 
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IS'evrton laurin, provided he became assistant to Mr James Gre- and Flamsteed was found a few years since by Mr Baily m Newton, 
Sir Isaac, gory, professor of mathematics in the university* In 1719 the possession of Mr Giles, a private gentleman in London, Sir Isaac 
he gave fifty guineas to the Kev* Mr Pound, who made and in the Royal Observatory at Greenwich, along with II , 
some astronomical observations for his use; and in 1720 he various important documents intimately connected with p ® 
gave him the like sura. He likewise bestowed large dona- the scientific history of that period. As tlie papers found y _ 
tions on the Ayscoughs, his relations. in the observatory had been purchased by the Board of 

In his personal appearance Sir Isaac was not above the Longitude in 1771, the Lords Commissioners of the Admi- 
middle size. He had “a comely and gracious aspect, and ralty, on the recommendation of the Board of Visitors of 
a very lively and piercing eye.’* He was short-sighted, the Royal Observatory, agreed to print them. They have 
but never wore spectacles, nor lost more than one tooth in been accordingly printed in a large 4to volume, under the 
his life. Bishop Atterbury asserts, in opposition to this, superintendence of Mr Baily.'*^ 

that the lively and piercing eye did not belong to Sir Isaac Doubts have been entertained by some, and openly 
during the last twenty years of his life. « Indeed,” says expressed by others, on the propriety of publishing all 
he, “ in the whole air of his face and make there was no- the papers contained in this collection. Several of the 
thing of that penetrating sagacity which appears in his letters of Flamsteed, and various parts of his autobiogra- 
compositions. He had something rather languid in his phical memoir, contain bitter and maligant attacks upon 
look and manner, which did not raise any good expectation the character and conduct of Sir Isaac Newton, which, if 
in those who did not know him.” they had been published during his life, or not long after 

There is some reason to believe that Sir Isaac Newton it,* might have been refuted on the authority of documen- 
was of Scottish descent, although in the pedigree which he tary and other evidence. Fortunately for the memory of 
gave into the Herald's Office he stated that he had rea-^ Sir Isaac Newton, his generous and noble character, his 
son to believe that he was descended from the Newtons of meek and gentle disposition, and his Christian forbearance 
Westby. There is, however, ample evidence of the fact and patience, form a secure shield against die reckless and 
that Newton mentioned to David Gregory that it was a wanton charges of his irritable and violent assailant. If 
tradition in his family that his grandfather was a gentleman reflections have been cast on the character of Newton by 
in East Lothian ; and it has been placed beyond a doubly the animadversions of Flamsteed, the conduct of the latter 
that Newton himself wrote to Scotland to ascertain if any has been exposed to a scrutiny winch it may not be able 
descendants of the family remained.’- to sustain ; and the friends of Newton have been roluc- 

The manor-house of Woolsthorpe, as well as every tantly corapelled-to collect the opinions wdiich contemporary 
other memorial of Sir Isaac, has been preserved with reli- waiters had expressed of Flamsteed, in order to enable the 
gious care. Mr Edmund Tumor of Stoke Rocheford put public to form a just estimate of the testimony which he has 
up in 1798 a white marble tablet in the room where Sir borne against his fellow-labourer in science. 

Isaac was born, recording his birth and death, and bearing Those whp wish to know more of the differences be- 
the celebrated lines of Pope ; — tween Newton and Flamsteed, may consult the volume 

" Nature and Nature’s la-vrs lay hid ia Night ; above mentioned, which is entitled An Account of the 

God said, ‘ Let Ne-wton be,’ and all was light.’^ JRev. John Flamsteed, the first Astronomer Royal, compiled 

The house still contains on its walls the two dials made by from his own manuscripts, and other authentic documents 
Newton himself, but without the styles. His second tele- never before published ; to which is added, his British Ca- 
scope is preserved in the library of the Royal Society ; and talogue of Stars, corrected and enlarged, printed by order 
his globe, universal ring dial, quadrant, compass, and a re- of the Lords Commissioners of the Admiralty, London, 
fleeting telescope said to have belonged to him, in the 1835.” Mr Baily, at his own expense, published, in January 
library of Trinity College, Cambridge. 1837, a supplement to this work, which he distributed 

^ The manuscripts, correspondence, and other papers of amongst those persons and institutions only to whom the 
Sir Isaac Newton, have been preserved in different collec- original work was presented.” Mudi light has been re- 
tions. But the most important collection is the family cently thrown upon this controversy by the letters of 
one in the possession of the Earl of Portsmouth. They Flamsteed to Newton, and other documents, which Newton 
are deposited at Hurtsbourne Park, his lordship's seat had carefully preserved, and which were found among the 
in Hampshire, and were examined in 1837 by the late Portsmouth papers by Sir David Brewster. These docu- 
H. A. Fellowes, Esq., the accomplished nephew of Lord ments have enabled his biographer to defend him against 
Portsmouth, and by Sir David Brewster, who has been the virulent attacks of Flamsteed. 

permitted to make use of them in composing Memoirs of (See Brewster's of the Life, WfiMin^s,and Du- 

the Life, Writings, and Discoveries of Sir Isaac Newton, coveries of Sir Isaac Newton, Edinburgh, 1855, 2 vols-; 

In this examination much new and valuable information and Edleston's Correspondeme of Sir Isaac Newton and 
has been discovered relative to the early life of Sir Isaac, Professor Cotes, 1850.) (d. b.) 

which had been collected by his nephew-in-law Mr Con- Newtonian Philosophy, the doctrine of the universe, 
duit, for the purpose of writing a life of him, which he was and particularly of the heavenly bodies, tlieir laws, affections, 
prevented from executing by his death in the year 1737.® See,, as delivered by Sir Isaac Newton. 

Many letters and papers of Newton are in the possession The term Newtonian Philosophy is applied very differ- 
of tile Earl of Macclesfield at Shirburn. They were found ently. Some authors under this denomination include all 
amongst the papers of William Jones, the friend of Sir the corpuscular philosophy, considered as it now stands 
Isaac,andtIiefatherof Sir 'William Jones. Thesepaperswere corrected and reformed by the discoveries and improve- 
put into the hands of the late Professor Rigaud of Oxford, ments made in several parts of it by Sir Isaac Newton. In 
and were published in 1841, by his son, in two volumes. this sense it is that 'sGravesande calls his elements of phydes 
About thirty-four of Newton’s letters to Flamsteed are Introductio ad Philosophiam Newtonianam : and in this 
deposited in tlie library of Corpus Christi College, Oxford; sense the Newtonian is the same with the new philosophy, 
but a large portion of the correspondence between Newton standing contradistinguished from the Cartesian, the Peri- 

1 See Memom of Newton, Sso., 1866, vol. ii., App., pp. 540-646. 

These papers have been more recently entrusted to Sir David Brewster, who has published the most important of them, in 1865, in 
tne Memotrt of Newton above referred to. * 

published. The whole impression, which was small, was distributecl in ptesent* to institution^ 
public libraries, and individuals interested in the subjects to which it relates. 
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Newton, patetic, and the ancient corpuscular system. By Newto- 

Gilbert nian philosophy others mean' the method or order which 
II Sir Isaac Newton observes in philosophizing, viz., the rea- 
soning and drawing of conclusions directly from phenomena, 
*7 exclusive of all previous hypotheses ; the beginning from 
^ simple principles, deducing the first powers and laws of 
nature from a few select phenomena, and then applying 
those laws, &c., to account for other things. And in this 
sense the Newtonian philosophy is the same with the ex- 
perimental or inductive philosophy^ and stands opposed to 
the ancient corpuscular system. By this philosophy some 
understand that particular kind in which physical bodies 
are considered mathematically, and where geometry and 
mechanics are applied to the solution of the appearances 
of nature. In this sense the Newtonian is the same with 
the mechanical and mathematical philosophy. Others, 
again, by Newtonian philosophy, understand that part of 
physical knowledge which Sir Isaac Newton has handled, 
improved, and demonstrated in his Principia, Lastly, by 
it is meant the new principles which Sir Isaac Newton has 
brought into philosophy, the new system founded thereon, 
and the new solutions of phenomena thence deduced, or 
that which characterizes and distinguishes his philosophy 
from all others ; and this is the sense in which it ought to 
be used. (See the articles Astbonomy, Attraction, Dy- 
namics, Optics ; Professor Playfair’s Dissertation, part ii., 
sect ii.; and Sir John Leslie’s Dissertation, sect, vii.) 

Newton, Gilbert Stuart, an artist, was born at Hali- 
fax in Nova Scotia in 1794. His lessons in painting 
were begun at Boston under his maternal uncle, and were 
finished in London at the Royal Academy. The laborious and 
fastidious style in which he prosecuted his art soon brought 
him into notice. He first became known by his paintings of 
“ The Forsaken” and “ The Lovers’ Quarrel,” which were 
engraved in the Literary Souvenir ^or 1826. • The Prince 
of Spain’s visit to Catalina ” and Macheath ” raised him 
soon afterwards to the height of his reputation. His pic- 
ture of ‘‘ Abelard” followed in 1833. Shortly after this he 
became subject to mental aberrations, which grew in course 
of time into positive insanity. A few days, however, before 
his demise his reason returned, and he died in perfect con- 
sciousness at Chelsea in August 1835. Newton was a 
member of the Royal Academy. Some of his other pic- 
tures are, — Shylock and Jessica,” “ Yorick and the Gri- 
sette,” The Abbot Boniface,” “ Portia and Bassanio,’’ and 
“ Lear attended by Cornelia and the physician.” 

Newton, John, an English divine, remarkable for his 
trials and adventures, and for the deep piety of his after 
life, was the son of a sea-captain, and was born in London 
in July 1725. After receiving a slight elementary educa- 
tion at a boarding establishment in Essex, he went to sea 
at the age of eleven ; and from that time he was left to 
teach himself in the severe school of experience. The 
sensitive and thoughtful boy now became the prey of con- 
flicting doubts and difficulties. For the next six years the 
religious impressions which he had received by the knee of 
his mother were in a continual stniggle with the suggestions 
of atheistical books and scoffing companions. He became 
by turns a reader of the Bible and a student of Shaftesbury — 
a Pharisaical ascetic and a daring blasphemer — a remorseful 
penitent and a callous sceptic. At length, in his nineteenth 
year, his life assumed a more hopeful aspect. A passionate 
attachment which he then formed for a young Kentish 
maiden, who afterwards became his wife, began to restore 
the health and genklity of his heart; and his unexpected 
promotion in the following year to the rank of a midshipman 
on board the Havre man-of-war, afibrded additional motives 
for good conduct. Yet the self-willed seaman soon entailed 
upon himself a long series of tormenting troubles. Taking 
it into his flighty brain to abandon his ship while she stUl 
lay at Plymouth, he was caught, brought back, flogged, and 
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degraded. He set sail for India in 1745 a common sailor, Newton, 
taunted by his messmates, frowned upon by his superiors, John, 
and fuming with disappointment, remorse, and revenge. 

At Madeira a Guinea vessel took him in exchange for 
another. But in the course of six months he was fain to 
be landed a penniless adventurer on the African coast near 
Sierra Leone. Employment was soon found in the service 
of a slave trader in one of the Islands of the Plantanes. 

But the severity of the climate, and the cruelty of his mas- 
ter’s black concubine, turned that employment into the 
most grovelling bondage. A year had not passed before 
the stout English sailor was transformed into a spiritless, 
half-naked wretch, suffering under the effects of fever, 
shivering under the wind and wet of the rainy season, de- 
vouring the nauseous roots which he stole by night from 
the plantations, or the fish which he caught by the sea-shore, 
and exciting the contempt and even the pity of the meanest 
of the slaves. Still more degrading did his condition be- 
come when he had been hired by a more merciful master. 

An English captain arriving at Sierra Leone in February 

1747 with orders from his father to bring him home, found 
Newton herding contentedly with the Negroes in their low 
pleasures and gross superstitions; and it was only the 
thought of the fair maiden in Kent that could induce him 
to embark for his native land. The perils of this home- 
ward voyage brought at length the severe moral training of 
Newton to a successful issue. On a March evening in 

1748 he found himself on board a struggling and half- 
foundered vessel in the midst of the raging Atlantic ; his 
sceptic indifierence and blaspheming braggardism deserted 
him at the near prospect of death ; the truths of the gospel, 
after a season of doubt, recommended themselves to his 
trembling spirit ; and, when the ship reached Ireland four 
weeks afterwards, he stepped on shore an altered man. The 
life of Newtoili now for the first time became -bright with 
the smiles of fortune. In 1750 his long- continued attach- 
ment to Mary Catlett was ratified by marriage, and he was 
shortly afterwards appointed commander of an African 
slaver. It was at this time also that those studies began to 
be prosecuted which trained and prepared his mind for the 
clerical oflGice. On shore, during the intervals between his 
different voyages, and on deck when his ship was bounding 
before the breeze, he was fond of poring over Horace, Livy, 

Buchanan, and Erasmus. After a sudden stroke of illness 
in 1754 had forced him to exchange a seafaring life for the 
office of a landing waiter in the customs at Liverpool, he 
extended his studies to Greek and Hebrew, and the best 
theological works in Latin, French, and English. At 
length, in 1764, he was ordained, and was appointed curate 
of the parish of Olney. His pastoral labours were not fol- 
lowed by so much fruit as might have been expected. 

With his healthy piety, indeed, he did much to relieve the 
melancholy of the poet Cowper, and to form the religious 
opinions of the commentator Scott. But his kind-hearted 
liberality and his practical home-thrusts were alike spent in 
vain upon the senseless and profligate boors of the parish. 

It was not until he had been presented to the rectory of St 
Mary Woolnoth, London, in 1779, that he became one of 
the great instruments in dispelling the religious apathy of 
that age. The public were already in possession of his 
autobiography and of many of his letters ; and they now 
began to regard him as a living proof of the efficacy of 
evangelical Christianity. This impression was increased 
and perpetuated by the earnest, simple-hearted zeal of his 
pulpit ministrations. He continued to preach thrice a week, 
even when he was bending under a weight of more than 
fourscore years, and his sight, hearing, and memory were 
fast failing. His friends entreated him to stop : ‘‘ What ! ” 
he exclaimed, shall the old African blasphemer stop while 
he can speak ?” He died not long afterwards, in December 
1807 
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A second edition of Join Newton^s works, containing his 
Autobiography, the Oniicron LetterSy the Cctrdiphonia^ A. 
Revieic of Ecclesiastical His tori/ y the Olney HymnSy and 
numerous sermons, discourses, tracts, and miscellaneous 
writings, were published in 6 vols. 8vo, London, 1816# His 
Life, by the Rev. Richard Cecil, was published in Cecifs 
Works, 4 vols. 8vo, London, 1811, and has also been printed 
separately. 

Newton, ThomaSy Bishop of Bristol, and Dean of St 
Paul’s, was born on the 1st of January 1704. He was 
educated at Lichfield and Westminster ; and had his uni- 
versity course at Trinity College, Cambridge, where he 
took his degree in arts, and attained to the rank of a fellow. 
He took clerical orders in 1729 ; and after holding a curacy 
at St George’s, Hanover Square, London, he received his 
first preferment at Grosvenor Chapel, South Audley Street. 
In the spring of 1744 he was, through the interest of the 
Earl of Bath, his great friend and patron, presented to the 
rectory of St Mary-le-Bow. He took his doctor’s degree 
in 1745 ; and in the spring of 1747 he was chosen lecturer 
of St George’s, Hanover Square. In 1749 he published 
his edition of Milton’s Paradise Lost^ with notes from 
various authors, 2 vols. 4to, which was well received by the 
public, and by 1775 had gone through eight editions. His 
next performance of any note was his Dissertations on the 
ProphecieSy 3 vols. 8vo, 1754-8; a work not characterized 
by very great profundity, either of thought or learning, but 
which nevertheless attained a wide popularity. They were 
translated into the German and Danish languages, and re- 
ceived the warmest encomiums from persons of learning 
and rank. In 1757 he was made prebendary of Westmin- 
ster, dean of Salisbury, and sub-almoner to His Majesty. 
Four years afterwards he kissed the royal hand for his 
bishopric of Bristol ; and in 1768 was made dean of St 
Paul’s. Newton’s health had never been robust; and 
after enduring great physical prostration for some time, 
he died in 1782, in the seventy-eighth year of his age. 
A complete edition of the bishop’s witings, including 
numerous sermons and dissertations not referred to above, 
appeared, with an autobiography of the author, in 3 vols. 
4to, London, 1782. 

NEWTON, a township of England, county of Chester, 
situated on the slope of a hill, 8 miles E. by S. of Man- 
chester, and 5 J N.E. of Stockport. It has a parish church 
in the Norman style, two Methodist churches, and several 
schools. The manufacture of cotton is carried on here, 
and employs the greater part of the population. Pop. 
(1851) 7481. 

Newton- Abbot, a market-town of England, Devonshire, 
pleasantly situated on a hill near the right bank of the 
Lemon, 14 miles S.S.W. of Exeter. It contains a hand- 
some town-hall; a parish church; Independent, Baptist, and 
Methodist churches ; and several schools. Tanning and 
shoemaking are th6 principal manufactures of the place ; 
and there is also some trade, principally in the exportation 
of shoes to Newfoundland. The market-days are Wednes- 
day and Saturday ; and three yearly fairs are held here. 
In this place William III. made his first public declara- 
tion after his landing in this country in 1688. Pop. 
(1851) 3147. 

Newton- Aeds, a seaport-town of Ireland, in the county 
of Down, situated at the head of Lough Strangford, 10 miles 
E. of Belfast. It is regularly laid out and well built, hav- 
ing a market-place, and a principal street lined with many 
good houses. The old church, now used as a court-house, 
though somewhat dilapidated, is a fine building, entered by 
a beautifully-carved Norman doorway. It was completed 
in 1632, though it probably existed before that time, and 
was then only repaired. The present church, an elegant 
building, was erected in 1817. There are numerous other 
churches, belonging to Presbyterians, Methodists, Roman 
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Catholics, and Unitarians. Newton has also a large town- Newton-h. 
hall, with assembly-rooms in connection with it; several Makerfield. 
schools ; a fever hospital, dispensary, and workhouse. The II 
weaving and embroidery of damask muslius is the principal 
branch of industry carried on here ; but there is also an 
extensive brewery in the town. In the neighbourhood 
there are some good stone quarries and lead mines. Pop. 

(1851) 9567. 

Nbwton-in-Makekpieli>, or in-the-WillowSy a market- 
town of England, county of Lancaster, 15 miles E, by N. 
of Liverpool, and about the same distance W. of Manchester. 

It has one principal street, which is broad, and lined with 
good houses ; and on the site of the ancient market-cross 
an obelisk now stands. It possesses a neat parish church 
with a spire ; an Independent chapel ; and several schools. 
Cotton-mills, iron-foundries, glass-works, alkali- works, and 
brick-kilns are the principal manufactories, and give employ- 
ment to the inhabitants. Races are held annually on a 
common not far from the town. Pop. 3126. 

Newton-Stewaet, a market-town of Scotland, county 
of Wigtown, on the right bank of the Cree, which is here 
crossed by a bridge of five arches, 7 miles N. by W. of 
Wigtown. It has a good town-hall ; a large Gothic parish 
church; Free, United Presbyterian, Reformed Presl>yterian, 
and Roman Catholic churches ; and several schools. The 
inhabitants are employed to a large extent in the lead mines 
which are worked in the neighbourhood; and brewing, 
tanning, the manufacture of woollen and cotton stuffs, and 
the curing of bacon, are carried on in the town. Pop. (1851) 

2199. 

Newton-tipon-Ayr. See Ate, Netoton-upon. 

NEWTOWN, a parliamentary borough and market-town 
of Wales, Montgomeryshire, pleasantly situated in a valley on 
the right bank of the Severn, here crossed by a stone bridge, 

8 miles S.W. of Montgomery, and 175 W.N.W. of London. 

The streets are narrow, and the houses have a very mean 
appearance, being for the most part built of lath and plaster. 

The parish church is a building in the early English style, 
with a square tower, surmounted by a wooden belfry, 'fherc 
are also Baptist, Independent, Wesleyan, and Calvinistic 
Methodist churches; a theological seminary belonging to 
the Independents ; besides several schools, a town-hall, and 
a handsome cloth-hall. Tlie manufactures of the place are 
considerable, and rapidly increasing in extent and import- 
ance. Flannel is the principal article produced, and with 
this Newtown supplies a great part of Wales. There are 
also tanneries, malt-houses, potteries, an<i iron-foundries. 
Newtown joins with Montgomery and other bonnighs in 
returning a member to Parliament. Pop. (1851) of the 
parish, 3784; of the borough, 6371. 

Newtown-Bakey, a village of Ireland, in the county of 
Wexford, is situated at the confluence of the Clody and 
the Slaney, 23 miles N.N.W. of Wexford. It is in the 
form of an irregular square ; and has a good parish church 
with a tower and spire, a fine Roman Catholic church, 
several schools, a dispensary, and a fever hospital. Manu- 
factures of linen are carried on ; and slate, granite, and 
limestone are quarried in the vicinity. Pop. 1437. 

NEWTOWN-HAMinTON, a town of Ireland, in the county 
of Armagh, is situated in a valley surrounded by steep hills, 

11 miles S.S.E. of Armagh. It is ill built ; and has a parish 
church, Roman Catholic and Presbyterian churches, and 
several schools. Some trade is carried on in flax. Pop. 

1219. 

Newtown-Likavadt, a market-town of Ireland, in the 
county of Londonderry, is situated on the Roe, 13 miles 
S.W. of Coleraine, and 15 E.N.E. of Londonderry. It has 
a large parish church ; three Presbyterian and two Wesleyan 
churches J besides Independent, Roman Catholic, and Uni- 
tarian chapels ; several schools ; a market house ; jail ; dis- 
pensary ; work-house j and savings-banL The manu&cture 
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Kewtown- of linen is carried on here ; and there is a considerable trade 
Stewart in prrain and flax. Pop. (1851) 3206. 

\\ Newtown-Stewaet, a market-town of Ireland, in the 
county of Tyrone, 9 miles N. by W. of Omagh, con- 
V tains many well-built houses; a large parish church; 

Presbyterian, Wesleyan, and Roman ' Catholic churches ; 
a school; a dispensary; and the ruins of an old castle. 
Pop. 1405. 

Extent and NEW YORK, one of the United States of America, is 
situated between Lat. 40. 30. and 45. N., and (including 
Long Island, &c.) between Long. 71. 51. 58., and 79. 55. 
1 It is bounded N. by Lake Ontario, St Lawrence River, 
^ and Canada East ; E. by Vermont, Massachusetts, and 
Connecticut; S. by the Atlantic Ocean, New Jersey, and 
Pennsylvania ; and W. by Pennsylvania, Lake Erie, and 
Niagara River. Its form is irregular, but may be compared 
to that of an irregular triangle, with its apex touching the 
Atlantic. The extreme length east and west of its con- 
tinental part is about 335 miles, and the extreme breadth 
north and south about 308 miles. Including Long Island, 
Staten Island, &c., the total area of the state is computed 
at 47,000 square miles, or about one sixty-third of the 
entire area of the United States. 

Long Island, the largest insular portion of the state, pro- 
jects into the Atlantic (opposite, and in the main parallel, 
to the shore of the mainland, the most of which is embraced 
by Connecticut), a distance of about 125 miles ; its greatest 
breadth is about 20 miles, its average breadth 12 miles, 
and its area about 1440 square miles. Staten Island, at 
the mouth of New York harbour (and included in Rich- 
mond county), is about 14 miles long, from 4 to 8 miles 
wide, with an area of about 60 square miles. Manhattan 
Island (embraced in New York city and county) has an 
extreme length of 13J> miles, an average breadth of 2 
miles, and an area of 21 J square miles. In New York 
harbour are three islands — Governor’s, Elies’, and Bedlow’s, 
ceded to the United States government, and fortified. In 
the East River, or Strait of Long Island Sound, are three 
islands occupied by New York city institutions. In Niagara 
River, about 4 miles above Niagara Falls, is Grand Island, 
having an area of 27 ^ square miles, besides several small 
islands. 

The surface of the state is considerably elevated, the 
larger part of it being a section of the great Alleghany 
table-land. There is, however, a great diversity in the 
aspect of the several physical divisions. The eastern half 
of the state is traversed by ranges of mountains ; the in- 
terior has an uneven surface, and contains several large 
and deep lakes ; and the western part, though frequently un- 
even, is distinguished for its broad and rich plains. There 
are lour great natural divisions, — 1. The' Atlantic district, 
the smallest of these, comprises Long Island, which is a low 
sandy region, with extensive plains rising along its north- 
ern borders into hills of moderate elevation, at but one 
Island exceeding 300 feet in height. Its temperature 

differs much from that of the mainland. Its insular posi- 
tion, and its early settlement, have occasioned the extirpa- 
tion of the larger quadrupeds ; and it is more remarkable for 
the abundance and variety of its birds, than for the number 
of its mammalia. It forms the southern limit of the migra- 
tions of the arctic species of birds, and the northern limit 
to those of the torrid zone. It seems also to be the bound- 
ary between the fishes and other classes of the northern 
Hudson and tropical seas. 2. The Hudson valley district corn- 
valley dia- prises the region watered by the Hudson River and its 
trict, tributaries, the chief of which is the Mohawk River. The 
outline bears some resemblance to the letter L inverted 
(thus, q), the perpendicular and main part of the letter re- 
presenting the Hudson River, and the horizontal and minor 
part of it representing the Mohawk River. The latter, 
after an eastward course of 140 mites, enters the Kudion 


Physical 

aspect. 


Natural 

divisions. 

Atlantic 


at a distance of 160 miles from the Atlantic. This district New York 
is traversed by ranges of the Allegluiny Mountains, and its State, 
western border embraces the Catskill range of mountains, 
some of which are nearly 4000 feet high. In regard to 
size, this is the third of the four districts. 3. The Northern Northern 
district lies N. of the Mohawk valley, is bounded W. district, 
by Lake Ontario and the River St Lawrence, and has the 
shape of an irregular truncated triangle. Its south-eastern 
half embraces the region of the Adirondack Mountains, 
estimated to contain an area of about 6000 square miles, 
and containing numerous conical peaks and short ranges, 
reaching in some places an elevation of more than 5000 
feet. Towards Lakes Champlain and George they subside 
suddenly to the level of those sheets of water. To the 
N. and N.W. there is a very gradual slope towards the 
River St Lawrence. 4. The Western district includes the Western 
region between Lakes Ontario and Erie on the N., and the district. 
Pennsylvania boundary-line on the S. A large proportion 
of it is elevated and furrowed by valleys, extending N. and 
S., which give rise to rivers pursuing opposite directions. 

Its central position is a level table-land, rising in its south- 
ern parts to elevations of from 1000 to 1200 feet above 
the sea, and abruptly subsiding on its western border to the 
level of Lake Erie. This same portion contains a series 
of lakes, stretching generally from N. to S., varying 
from 15 to 38 miles in length, and discharging their 
waters by one common outlet, the Oswego River, into 
Lake Ontario. Lakes Erie and Ontario exercise a great 
influence on the climate and other features of this dis- 
trict, the whole of which is exceedingly fertile, and in its 
uncultivated portions is covered by a vigorous growth of 
forest trees. 

The Alleghany Mountains enter the S.E. part of the Mountains, 
state by two distinct ridges from New Jersey and Pennsyl- 
vania. The former crosses the Hudson River at West 
Point, forming the highlands of the Hudson, celebrated for 
their scenery, which combines gi-andeur with the most pic- 
turesque beauty. At this crossing the highlands are from 
15 to 20 miles in breadth, and have a height of about 1400 
feet, and in one instance, on the E, bank of the river, near 
Fishkill, they attain an elevation of nearly 1700 feet. East 
of the Hudson this range has a N.E. direction, until it ap- 
proaches near the Connecticut boundary-line, and then 
extends N., being called the Taconic range, until it merges 
in the chain of the Green Mountains. The second branch 
of the Alleghanies, leading from Pennsylvania, is the range 
of the Shawanzunk Mountains, which also extends in a N.E. 
direction, approaching the Hudson, but not crossing it. 

The Catskill range approaches the Hudson by a similar 
course, and extends parallel to it for 20 miles, but then 
bends off to the N.W., towards the Mohawk River. The 
mountains in the northern part of the state, which are to- 
gether generally called the Adirondack Mountains, com- 
prise several ranges which have distinct local names ; but 
they constitute a cluster which may be considered as a 
branch of the great Appalachian system. In other sections 
there are ranges of hills and highlands. 

The most important river for purposes of general naviga- Kivera. 
tion exclusively within the state, is the Hudson, which is 
also one of the most magnificent water-courses in the New 
World. It rises, by two branches, among the Adirondack 
Mountains, and having received the Sacandaga, pursues its 
course (of about 160 miles from its sources) to Waterford, 10 
miles above Albany, where it receives the Mohawk River, 
and thence flows almost directly southward about 156 miles, 
to its entrance through New York Bay into the Atlantic 
Ocean. To Troy, 151 miles from the city of New York, 
the tidal wave passes in from seven to nine hours from 
New York ; and to that city the river is navigable for large 
steamboats of light draught. Ocean vessels do not ascend 
ttboVi Httdioni 118 milos from New York. The’River St 
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ITew York Lawrence, the outlet of the great lakes, forms a large part 
State, of the northern boundary of the state, and conveys to the 
ocean a larger volume of water than any other river in tlie 
world, except the Amazon. It is navigable for sloops to 
Ogdensburg, 60 miles from Lake Ontario, but below that 
place its navigation is much interrupted by rapids. Seve- 
ral rivers of great volume, lying within the state, have each 
a course of above 150 miles; and, in addition to their na- 
tural service in draining and watering their respective 
valleys, afford, from their descent, most valuable water- 
power, which latter circumstance prevents continuous na- 
vigation by vessels of considerable size. 

Ms and The falls and cascades of the rivers of this state are 
cascades, numerous, forming notable features in its scenery. The 
great Falls of Niagara are elsewhere described. The Ge- 
nesee River has a series of falls; near its sources it descends, 
within the space of two miles, by three falls of 60, 90, and 
110 feet, through a wild and picturesque gorge, formed in 
the solid rock to the depth of 400 feet ; and at Rochester it 
again descends by three falls of 96, 20, and 105 feet (mak- 
ing, with two rapids, a total descent of 268 feet within the 
city's limits), the first of which, by its affording immense 
water-power, has been a principal cause of the prosperity of 
that flourisliing city. Fall Creek, near Ithaca, descends 
438 feet; in the space of one mile, by several cascades, one 
of which has a perpendicular pitch of 116 feet. The Mo- 
hawk River in its falls at Cohoes is precipitated over a 
broken rock 62 feet high, the bank of the river forming 
precipitous walls 140 feet above the stream; and at Little 
Fails, some miles above, it passes through a fissure in the 
rocks, which rise on each side 500 feet above its surface. 
Trenton Falls is a series of cascades and rapids in West 
Canada Creek, a tributary of the Mohawk, and 15 miles N. 
of Utica, extending over 2 miles in a narrow' channel cut 
through solid limestone rock, the sides of which in places 
rise perpendicularly to the height of 140 feet. At Glenn's 
Falls, 18 miles from Saratoga, the Hudson flows over 
a precipitous ledge of rocks, with a descent of 70 feet. 
In various other rivers, especially in the northern part of 
the state, there are many waterfalls of much beauty, 
whicli are also of importance from their furnishing motive 
power. 

Ijakes, great exterior lakes, Ontario and Eric, are navigable 

for the largest steamers and sailing-vessels, and each has 
several good harbours. Lake Champlain, between this 
state and Vermont, is 134 miles in length, and of compara- 
tively narrow though unequal width, but is navigable 
' throughout its length for steamboats of the first class- The 
lakes in the interior of the state not only constitute an in- 
teresting feature in its physical geography, but they are of 
considerable importance to commercial navigation. The 
lai'gest of these which are navigable by steamers are Lake 
George, 36 miles long ; Cayuga, 38 ; and Seneca, 35 ; after 
which are Oneida Lake, 20 miles long; Skaneateles, 16; 
Crooked, 18; Canandaigua, 15; Chautauque,18; and several 
others. The northern district of the state abounds with 
small lakes, there being perhaps 200, some of which are 
greatly elevated above the sea. 

Lake har- The harbours of Buffalo and Dunkirk, on Lake Erie, are 
■bours, capacious, and are also important com raercial stations, forming 

the termini of the two great lines of railroad which extend 
through the whole lengtJt of the state to the Hudson River. 
On Lake Ontario there are several good harbours, — viz., 
S^kett’s Harbour, Oswego, Genesee (port of Rochester), 
Niagara, &c.; the first of which is the best, and was an 
important naval station during the war of 1812-14. Lake 
Champlain has some harbours, which are sufficiently com- 
modious for the shipping on that lake. 

Sea-coast. The sea-coast of the state is nearly all comprised in the 
shores of Long Island, which contain a few harbours and 
inlets, but none that are much frequented by shipping* 
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The bay and harbour of New York are subsequently iTew York 
described. State. 

The legislature of New York, hy its act of 15th April 1836, au- 
thorized a complete geological survey of the state, which should Survey of 
furnish a perfect and scientific account of rocks and soils, and their 
localities, with a list of all its mineralogical, botanical, and zoolo- 
gical productions, and which should also procure and preserve spe- 
cimens of the same. In the execution of that act, and of the acts of 
May 18, 1840, and of April 9, 1842, the survey was made. The 
final report on the results of the survey consists of sixteen large 
quarto volumes, abundantly and splendidly illustrated. There are 
eight several collections of specimens of the animals, plants, soils, 
minerals, rocks, and fossils, found within the state, one of which 
collections constitutes a museum of natural history at the capital 
of the state, and the others are distributed among its collegiate 
institutions. A geological map is also published, and several 
more volumes are expected upon the palsoontology. The total 
cost of the survey and of printing, &c., has been estimated at about 
L.145,000. 

With the exception of the alluvial and diluvial deposits, and the Geology, 
beds of Tertiary on the St Lawrence, occupying a very limited area, 
all the formations of the state of New York are older than the coal 
formation. The lowest rock of the coal formation occupies some 
small patches in the south-western part of the state ; but none of 
the coal-bearing strata approach nearer than within six miles of tho 
state line. The prevalence of limestone in nearly all the forma- 
tions is worthy of notice, affording as it does the basis rock best 
adapted to yield the materials for fertilizing the soil. 

There are two tracts of rocks of the Primary system (comprising Primary 
the unstratifiod crystalline and the stratified non-ftmiliferous), system, 
which together occupy about one-third of the area of the state, and 
are separated from each other by tho intervention of a narrow belt 
of sedimentary rocks. The first is in the north-eastern part of tho 
state, and is of irregular circular form, oceup) ing tin* <!(»iiiiti«*R of 
Essex, Warren, and Hamilton, with parts c»f the fKijoining counties 
embraced in the region of the Adirondack Mountains. N<‘:irly the 
whole of tho county of Essex, with its lofty mountains, is composed 
of hyperstheno rock, a compound of Labrador felspar and hypers- 
thene, allied to syenitic granite. In this region it is osfioclatcd 
with very large deposits of magnetic iron ore. Throughout this 
northern section primitive limestone, important for the manufac- 
ture of lime for agricultural purposes, is quite abundant, Tho 
second tract of tho Primary formation consists of a comparatively 
small section, somewhat triangular, in the southern and south- 
eastern portion of tho state, comprising tho counth'S of Putnam 
and Westchester, with the larger part of New York, anti parts of 
Rockland, Orange, and Dutchess. Tho predominant rock in both 
these Primary sections is gneiss, which furnihlies a fine building 
material, and, under the pf>pulttr name of grartite, is extensively 
quarried, varying, however, in appearance and compoMtiim in dif- 
ferent sections. Granite exists, but it is quitti unimportant both in 
extent and value. 

Tho term Taconic system has been given to that series fr-ornprising Taconic 
seven groups, according to the New York geologists) (b'norninati'd system, 
metaniorphic, lying between the most decided crystalline slates and 
the lowest fossUiferous rocks. (This system, according to Professor 
Emmons, is fossiliferous, distinct from and lower than the New 
York system, and corresponds to the <"ambrian rocks of Great Bri- 
tain; but according to others, it is the New York system metamor- 
phosed by heat.) The term is derived from the Taconic or Tagh- 
kannic range of the Appalachian chain, on tho eastern boundary of 
the state, in which is the principal deposit; but there are extensive 
deposits of similar character all along tho west side of tho Green 
and Hoosac Mountains of New England, and so through the Appa- 
lachian ranges to Alabama, besides thinner ones in many other 
places throughout the United States, making in all a series of rocks 
many thousand feet thick and many hundred miles long. Its seven 
^oups or formations are,— granular quartz (which furnishes white 
siliceous sand for glass and sand-paper, and for sawing nmrble), 
Stockbridge limestone, magnesian slate, sparry limestone, roofing 
slate, Taconic slate, and black slate. The limestone is fine, furnish- 
ing good building material. 

The New York geologists denominate as the New York system Tors 
that whole series of rocks which are identical with the lower and system, 
upper Silurian of Europe, including two or three members of the 
Devonian group; and this system they divide into four principal 
groups, and subdivide into twenty-eight minor groups. Other 
American geologists have given other names to these series. Our 
limits allow only a synopsis of their extent la the state of New 
York, and brief allusion to their characteristics. The four princi- 
pal groups are named Champlain divirion, Ontario division, 
Helderberg series, and Erie division. 

The Champlain division, the lowest oCHm ficrar, omneiq^disg to 
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New York the Lower Silurian (or Oamhrian or graywacke) system of Europe, 
State. embraces eight formations. It occupies a very considerable but 

V ^ irregular territory. It extends along the St Lawrence, commencing 
^ ~ from its mouth, to its source in Lake Ontario. A branch runs 
southerly along the east side of the granitic mountains of Essex, &c., 
along the borders of Lake Champlain, and thence south-westerly to 
Alabama, These rocks, indeed, flank the mountains of Essex 
county, &c., so as to form a huge granitic island, giving us an idea 
of the state of things when the Silurian rocks were in course of de- 
position. Its lowest formation, — viz., the Potsdam sandstone, is 
supposed to be the lowest fossil iferous rock in the world. The 
most common shell in it is a lingula, a genus which has survived all 
the re-'^olutions of the earth, and is still found in the ocean. This 
formation, 300 feet thick, furnishes a beautiful and durable building 
material. The other formations (in ascending order), and their 
estimated thickness, are — calciferous sand-rock, 300 feet, in which 
fossils are both rare and obscure ; Chazy and Black River lime- 
stones, 100 feet, some of which produce fine dark-coloured marbles, 
as well as good quick-lime ; Trenton limestone, 400 feet, rich in 
organic remains ; TJtica slate, 100 feet, employed in roofing ; and 
the Hudson River group, embracing the gray sandstone, 700 feet, 
which furnishes stone suitable for grindstones. 

The Upper Silurian of Europe embraces the two highest members 
of the Champlain division, all the Ontario division, and more than 
half of the Helderberg series of the New York geologists j and its 
thickness is about 2400 feet. In New York the Upper Silurian rocks 
extend in a belt of nearly equal width along the south side of Lake 
Ontario (and in Canada on the north side of Lake Erie), whence it 
spreads out southerly and westerly over more than half of the 
Western States. The lowest of this system is the Oneida grit, which 
is 500 feet thick, coarse and fine grained, and almost destitute of 
organic remains. Next to this are the formations comprised in the 
Ontario division of the New York system, — viz., Medina sandstone, 
Clinton and Niagara groups, and the Onondaga Salt group. The 
Medina sandstone, 350 feet thick, is a red or variegated siliceous 
mass, sometimes marly and friable, interstratified with gray bands 
of quartzose sandstone. The Clinton group, 80 feet, is composed of 
red and variegated shales and sandstones, so diversified as to have 
received the name of Protean, and it abounds in fossils. The Nia- 
gara group, 264 feet, consists of shale below and limestone above. 
The former, exposed to atmospheric and aqueous action, crumbles 
away and leaves the limestone in overhanging masses, which at 
length break by their own weight. These are the rocks over which 
the water at Niagara Falls is precipitated, and this is the cause of 
their retrocession. This formation is highly fossiliferous. The 
Onondaga Salt group, from 600 to lOOO feet thick, is an immense 
mass of argillo-calcareous shaly rocks, abounding in veins and beds 
of gypsum, and the source of all the salt springs in New York and 
the Western States. Notwithstanding its great thickness, it is very 
barren in fossils. This Ontario division occupies a strip about 20 
miles in width, and nearly equal in length to Lake Ontario, which 
hounds it on the north. The remaining varieties of the Upper Silu- 
rian (placed by Professor Hall under the name of the Lower Helder- 
herg limestones) are — the Water Lime group, 100 feet thick; Peu- 
tamerous limestone, 80; Delthyris limestone, 200; and Upper Pen- 
tamerous limestone. The last named (with the following : — Oris- 
kany sandstone, 700 feet thick — in Pennsylvania ; Cauda G-alli grit; 
Schoharie grit, or sandstone; Onondaga limestone; and corniferous 
limestone, 70) constitute the Helderberg series (of the New York 
system), which is most fully developed in Albany and Schoharie 
counties. The Helderberg limestone is cavernous ; and some of its 
caves are celebrated for their extent, containing stalactites and 
stalagmites of great variety and beauty. 

The formations last enumerated with the Erie division of the 
New York system (which consists of the following ; — Marcellus slate, 
60 feet thick ; Hamilton group, 1000 ; Tully limestone, 20 ; Genesee 
slate, 250 ; Portage or Nunda group, 1000 ; ‘ Chemung group, 1500 ; 
and the Old Red sandstone, perhaps 3000 — making a total thickness 
of about 7000 feet) constitute the Devonian system ; or Old Red sand- 
stone of Europe. The Erie division is divisible into two parts, the 
lower, called the Lndlowville shales, consisting of shales upon thin 
beds of limestone, most of them quite decomposable, occupying a belt, 
nearly 20 miles in width, through the central portion of the state ; 
and the upper, called the Chemung group, consisting of thin, even 
beds of gray sandstone, with intervening shales, occupying the whole 
of the southern titer of counties. Thus it appears that in New York 
the Devonian system occupies the southern half of that portion of 
the state which extends between the Pennsylvania boundary-line on 
the south, and Lake Ontario and the Mohawk River on the north. 
The Old Red sandstone proper is confined chiefly to the Catskill 
Mountains, which are mainly cbmposed of it. It consists of various 
strata of sandstone, shale, and shaly 8te,nd6tone, the sandstones being 

Tertiary of a red or reddish colour. 

formation. The clays and sands of the tertiary formation skirt the shores of 
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the St Lawrence, Lake Champlain, and the Hudson, consisting of a New York 
stiff blue clay beneath, a yellowish-brown clay in the centre, and State, 
sand above. v 

Iron ores are abundantly distributed through the north- Minerals, 
eastern and south-eastern sections of^ the state, especially in 
the former. In Clinton and Essex counties, the deposits of 
magnetic iron ore, the black oxide, form beds of from 1 to 
20 feet in thickness, almost without mixture, encased in 
granite ; they are also found in the mountains of that region, 
and appear to extend without interruption into New York 
from Canada. The Stafford vein in Essex county was esti- 
mated in the geological survey to contain ore sufficient to 
yield three million tons of malleable iron. The specular 
oxide is found chiefly in the counties of St Lawrence, Jef- 
ferson, and Franklin, which border the St Lawrence River. 

In the south-eastern section there are extensive beds of 
both magnetic and hematite ores, but the latter is the more 
abundant. The carburet of iron occurs abundantly in the 
same section, and less abundantly in the north-east section. 

Lead ores occur in considerable deposits in various sections, 
of which by far the most extensive and celebrated are those 
in the town of Rossie, in St Lawrence county. In 1837 
and 1838 these yielded nearly 3000 tons of metallic lead ; 
but they have not been regularly worked to that extent. 

There are small veins of zinc, copper, &c., in several coun- 
ties. The Onondaga salt springs, at and around Syracuse, 
are the most important in the Union; they have been 
worked since 1 797, and the amount of their product has 
increased with nearly every successive year. The number 
of bushels of salt made in 1854 was 5,803,347; in 1855, 

6,082,885 ; and in 1856, 5,966,810. Mineral springs, cele- 
brated for their medicinal value, and as places of great resort 
in the summer, exist in various districts. The central, and 
some of the western counties, contain abundance of gypsum, 
which is largely used as a fertilizer, and extensively ex- 
ported. The abundance of excellent building material 
has already been noticed. The petroleum springs, in the 
counties of Cattaraugus and Alleghany; the nitrogen springs 
of New Lebanon and Hoosac ; and the carburetted hydrogen 
springs, in the neighbourhood of Lake Erie and Niagara 
River, are also worthy of notice. There are several springs 
of the last-named class in the county of Chautauque, one of 
which affords gas that is used to light the houses in the 
village of Fredonia, while another supplies the lighthouse 
in the village of Barcelona. 

The soils of this state are so very various, that a full and Soils, 
connect description of them, within our limits, is impossible. 

In general terms, the most of the soils, or the greater por- 
tion of the surface of the state, may properly be called very 
fertile. The sections least fertile are in the north-east part, 
traversed by the mountains, where much of the surface is 
poor and cold; and yet there are many productive valleys 
in that region. The valleys of the Hudson and Mohawk 
comprise tracts of excellent soil, but they are greatly 
surpassed in extent and fertility by the western parts 
of the state, especially by the section known as the 
Genesee Flats. 

The different sections of the state have considerable Climate, 
diversities of climate, each being marked by its own pecu- 
liarities. Taken altogether, the climate of the state is 
everywhere one of great extremes, and subject to sudden 
and severe changes at all times of the year. Notwithstand- 
ing this, however, it appears that the state as a whole is 
very healthy. The mean average temperature of the whole 
state is 46°‘49 Fahr.; mean maximum 92®, mean mini- 
mum 12® below zero, and the mean annual range 104®. 

The southern section of the valley of the Hudson, and the 
whole of Long Island, are the most equable portions of the 
State. The Mohawk valley has a climate which does not 
vary greatly from the mean average. The region N. and 
E. of the Mohawk is characterized by a low average tern- 
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Kew York perature, backward seasons, and early frosts. The western 
State, Qj. region has a similar climate to that of Long Island. 
Summarily, this state has the summer heats of Spain and 
Italy, and the rigour of its winter is equal to those of the 
northern portions of Efurope.^ 

Vegeta- Corresponding to the varieties in its characteristics of 
tion. surface, soil, and climate, we find, as we should expect, that 
this state has an exceedingly diverse vegetation. Within its 
borders are trees, shrubs, grasses, &c., of both extremes of 
the States— the north and the south. Its most important na- 
tural growth is that of its forest trees, which once covered its 
whole territory, and yet occupy the immense tracts that have 
not been brought under cultivation. The most common trees 
in the forest are the varieties of oak, pine, beech, &c- ; but 
scarcely any variety, found under similar latitude and climate, 
is wanting. The mountain sides and woods are clothed w-ith 
a shrubby undergrowth. The native grasses are numerous 
and widely distributed, but only a few of them are valuable, 
and the cultivated meadow grasses are of foreign origin. 
The whole number of flowering plants in the state is about 
1450, — of which 1200 are herbaceous, and 150 may be 
regarded as ornamental. Of woody plants, there are 250 
species, including 80 that attain to the stature of trees. Of 
plants that are reputed medicinal there are, native and natu- 
ralized, about 160 species. 

Zoology. From the diversity of the climate, which exercises a great 
influence upon the number and distribution of its animals, 
it results that its classes of the animal kingdom comprise 
those found in both the northern and southern portions of 
Europe. The families Cervidcs and Musielidce may serve 
as examples of the one; while the VespertilionidcB and 
Muridee will illustrate the other. The previous explanation 
of the natural divisions of the state points out the four prin- 
cipal zoological districts, each sufficiently distinct in itself, 
but- of course so much blended at the lines of separation as 
not to be contradistinguished. The forests were formerly 
ranged by the moose, stag, and reindeer, but these are now 
seldom met with. The existing animals are the American 
deer, black bear, puma, &c., descending in size to the 
hares, squirrels, and smaller quadrupeds. The Mastodon 
has been found in a fossil state in several places ; the most 
perfect and gigantic skeleton being that found in 1845 near 
Newburgh, Orange county, weighing 2000 lbs., and owned 
by Dr John C. Warren of Boston, by whom it has been 
described in one of the memoirs published by the Smith- 
sonian Institution. Teeth and other remains of elephants, 
&c., have been occasionally dug up. Of birds of prey the 
species are numerous; of birds of passage, 20 different 
tribes and 149 species ; of the Scansoriae, the genus Pzcits 
(woodpecker) is very common ; of the Gallinace®, several 
species ; of the Grallatorise, or waders, there are 62 species 
in 7 families ; and of the Palmipedes, or swimming birds, 
there are many varieties. In regard to the Reptilia, Am- 
phibia, Pisces, Mollusca, Crustacea, and Insecta, we have 
not room for even a condensation of the results of the 
survey of the state. 

The abori- The state of New York, in common with other portions 
gines and of North America, possesses many interesting but obscure 
their anti- traces of once powerful nations, which seem to have existed 
quities. previous to those savage tribes who occupied the country at 
the period of its discovery by Europeans. The ruins of 
fortifications, mounds, &c., the traces of agriculture, and the 
remains of rude art which have been brought to light in 
various parts of the state, display marks of high antiquity, 
and bespeak the existence of a people entirely distinct from 
the Indians who were found here by the first European 
discoverers. These works consist chiefly of earthen para- 
pets, the sites of which, with a view to defence, appear to 
have been selected^with much judgment ; and greater skill 
was exercised in their construction than has been displayed 
by the Indian races known to us. The forms of these 


YORK. 

remains are various, being circular, elliptical, triangular, and New 7orlc 
square; and they are generally placed in situations which State, 
command the adjacent country. Near many of the forts 
are mounds of earth raised for cemeteries, in which human 
bones, in various stages of decay, are common. Tliese may 
have been the burial places, in some instances, of the more 
recent Indian tribes. The number of forts and mounds in 
the western part of the state much exceeds 100. The 
inclosed areas of the fortifications vary from 6 acres to 1 00 
feet in diameter; and the earthen walls which inclose 
them, in their present abraded condition, are from 10 to 
12 feet in height, and from 6 to 8 feet in breadth. Some 
of these breastworks bear or have borne trees, whose age 
has been estimated at more than two hundred and seventy- 
five years, and which may have been preceded by others. 

There are indications that the architects of tliese works were 
not so greatly advanced in civilization as the Toltecs or 
Aztecs of Mexico, and thus their origin is surrounded widi 
additional mystery. 

At the time of the first settlement of New York, the Indian 
principal Indian tribes in the region now comprised in the tribes, 
state were those of the celebrated confederacy of the Five 
Nations, viz., the Mohawk, Oneida, Seneca, Onondaga, and 
Cayuga. It is asserted by a writer in 1741, that this con- 
federacy was established, as the Indians say, one age or one 
man’s life before the white people settled at Albany (1615), 
or before white men came to the country. Long before 
they were known to the Europeans, these nations iiad ac- 
quired a decided superiority over other Indians ; and this 
they long retained, extending their conquests as far as 
South Carolina. In 1714 they were joined by the Tusca- 
roras, and from that time the confederation was known as 
that of the Six Nations. In 1608 Champlain, by his attack, 
had rendered them hostile to the French, and their hostility 
continued until the French lost Canada. Their alliance 
with the English continued so firm, that on the breaking 
out of (and in fact before) the Revolutionary war, they were 
induced to engage against the Americans. The Six Nations 
then numbered about 10,000, and had 2000 bold and skilful 
warriors. Including these, there were, within the Indian de- 
partment of the northern provinces, 130,0(X> Indians, of 
whom 25,420 were fighting men. But if their employment 
by the British government was disastrous to the Americans, 
it was equally so to the Indians. A considerable portion 
of the Oneidas refused to join with the otlier tribes against 
the colonists. The bond of this confederacy was severed 
never to be reunited. The war made sad liavoc with their 
warriors, and at its close the remnants of the tribes passed 
away before the influx of settlers. In 1788 and 1789 the 
Six Nations, by treaty, conveyed to the state a large tract 
of their territory ; and by other purchases, 5cc., the Indian 
title to nearly all lands in the state was extinguished. Cer- 
tain reservations, chiefly in the western counties, were made, 
portions of which the Indians and their descendants have 
continued to hold to the present time. Their total number 
in 1845 was 3753 ; in 1855, 3934. 

The history of New York commences with 1609. On Discovery 
the third day of September in that year, Henry Hudson, in 1609. 
an Englishman by birth, in the service of the Dutch East 
India Company, anchored his vessel, the Crescent, within 
Sandy Hook. Almost at the same time Champlain was 
invading New York from the north. After a week’s delay, 

Hudson sailed (Sept 11) through the Narrows, and anchored 
in New York harbour. Ten days (Sept, 12th to 22d) were 
employed in exploring the river. Hudson, the first of 
Europemas who penetrated so far into the country, went 
sounding his way beyond the Highlands, till the Cres- 
cent had sailed some 'miles above the city of Hudson, 
and a boat had advanced a little beyond Albany. Fre- 
quent intercourse was held witli the astonished Indians. 

Having completed his discovery, Hudson descended the 
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New York stream to which time has given his name ; and, on the fourth 
State, day of October, set sail for Europe. 

The right of possession of the country was claimed for 
Early the United Provinces ; and, in 1610, merchants of Amster- 
Dutch dam fitted out a ship with various merchandise to traffic with 
traffic. natives. The voyage was prosperous, and was renewed. 

In 1614 the first rude fort was erected — probably on the 
southern point of Manhattan Island. In the next year 
(1615) the settlement at Albany was begun, on an island 
just below the present city. This was the remote port of 
the Indian trader, and was never again abandoned. Yet at 
this early period there was no colony ; not a single family 
had emigrated ; the only Europeans on the Hudson were 
commercial agents and their subordinates. The Dutch 
West India Company was incorporated, June 3, 1621, for 
twenty-four years, and became the sovereign of the central 
portion of the United States, though colonization on the 
Hudson was neither the motive nor main object in its 
establishment. Its first ship arrived in the harbour of 
New York in 1623. This is the era of the permanent 
settlement of the country, which in its development shortly 
assumed the form of a colony. 

Colonial In 1624 Peter Minuits, the commercial agent of the 
history. West India Company, arrived with several families, and 
thenceforward held the office of director (governor) until 
1633, when he was succeeded by Wonter Van T wilier, 
who in 1638 gave place to William Kieft. During the 
administration of the latter, the colony was troubled by con- 
troversies with the encroaching English, and suffered from 
the provoked hostilities of the Indians. In 1647 Peter 
Stuyvesant became governor, and by his exertions a provi- 
sional treaty was made with the surrounding English colo- 
nies. In 1664 Charles II. granted to his brother James, 
the Duke of York, the territory claimed by the Dutch. 
On 8th September of that year, Colonel Nichols, commis- 
sioned for the purpose, compelled Stuyvesant to surrender, 
and changed the name of New Netherlands to New York. 
In 1673 the Dutch retook the colony, but in the next year 
they finally surrendered it to the English, who held posses- 
sion until the American Revolution. During this lengthy 
period New York suffered much from the Indian depreda- 
tions and ravages in the wars waged between the French 
and English. In 1690 Schenectady was burned by the 
savages, and many of its inhabitants massacred. Apart from 
these wars, no very important event occurred for many years 
preceding the negro plot in 1741. On 7th October 1765, 
the first continental congress of the colonies met in New 
York city ; and from that time, until the close of the Revo- 
lution, the general history of New York is almost identical 
with that of the united colonies. 

Events of A considerable portion of the active hostilities of the 
the itevolu- revolutionary war took place on the soil of this state. At 
V commencement the American militia captured Ti- 
New 1 ork. Crown Point, and Whitehall, and thus secured 

the command of Lake Champlain. The most prominent 
occurrences in New York were, — the defeat, in the autumn 
of 1 776, of the Americans on Long Island and at White 
Plains ; the surrender, on 17th October 1777, of Burgoyne, 
the British general, with his 6000 troops; and the cap- 
ture, on the 16th July 1779 of Stony Point by the Ame- 
ricans, under General Wayne. Jay, Hamilton, and others 
distinguished in the national councils, were natives of New 
York. 

Formation The colonial government was suspended in May 1775, 
of estate from which time, to 20th April 1777, a provincial congress 
govern- governed; of which Nathaniel Woodhill was president 
from August 1775. On 9th July 1776, the fourth session 
of this body met, by adjournment, at White Plains, and 
having received the Declaration of Independence, ap- 
proved it. On 12tli March 1777, a constitution for the 


YORK. 217 

state was reported by a committee of the congress ; on New York 
the 20th April following it was adopted ; and it so remained State, 
through the war, and afterwards. On 26th July 1788 it 
was ratified by the state legislatui;e, and it thence con- 
tinued to be the organic law, without change (excepting a 
few amendments in 1801) until 1821, when it was revised 
by a convention elected for that purpose ; and their revision 
was duly ratified by the people. In 1846 a new constitu- 
tion, prepared by a convention, was approved by the people ; 
and to this was made, in 1854, an amendment relative to 
the public debt. 

The present constitution came into operation 1st Jan-Govem- 
uary 1847- The right to vote is granted to every white mcnt. 
male adult citizen resident of the state one year, of the Abstract 
county four months, and of the election district thirty 
days ; and to coloured persons having paid tax on freehold 
estate of L.52, and been citizens for three years. General 
elections are held on the Tuesday after first Monday in 
November. The legislature assembles on the first I^ues- 
day in January. Senators (32) are elected for two years ; 
assembly-men (128) for one year; and both receive 12s. 6d. 
per diem for a hundred days’ session, with mileage. The 
Judiciary is thus constituted: — The court for the trial of 
impeachments consists of the senate and the judges of the 
court of appeals, and its judgment extends only to removal 
or disqualification for office, with liability to indictment. 

The court of appeals is composed of 8 judges, of whom 
4 are elected by the electors of the state, and 4 are se- 
lected from the justices of the supreme court having the 
shortest time to serve, and its chief judge is chosen from 
those elected. The supreme court, having general juris- 
diction in law and equity, comprises 8 districts, in each 
of which 4 justices are elected for eight years. County 
courts (except New York county) consist of 1 judge, 
elected for four years. Municipal courts have uniform 
organization and jurisdiction; justices of the peace are 
elected for four years. Any male adult citizen of good 
morals, and requisite ability, may practice in all state courts. 

The governor, elected by the people for two years, 
must be thirty years old, state resident for five years, 
and United States citizen. Of the administrative officers, 
the secretary of state, comptroller, treasurer, attorney- 
general, and state engineer, are elected by the people for 
two years. 

In 1814 the state had a fund applicable to the support Finances, 
of its government, amounting to L.916,017. In 1817 the 
construction of the Erie and Champlain canals was com- 
menced ; and in defraying their cost the public monies were 
exhausted, and a debt was created. Before the year 
1835 the, state had formed 656 miles of canal, at a cost of 
L.2,427,631, of which the Erie Canal, 364 miles long, cost 
L.1,488,285. The public debt, though it has been gra- 
dually increasing, has never been a burden to the tax- 
payers of the state ; since the receipts from the tolls, &c., 
of the canals, have not only paid the expenses of the canals 
and a large share of the ordinary expenses of government, 
but have earned a surplus, used in discharging the interest 
of the debt. On 30th September 1856, the total canal 
debt was L.4,670,056. The work of enlarging the canals, 
which, for several years, has been in progress, has resulted 
in an increase of the canal debt ; but, it is confidently be- 
lieved, that when this is completed, the canals will amply 
repay all the cost of construction and maintenance, and 
thereafter, afford a large revenue to the state. In 1856 the 
assessed value of taxable property in the state was nearly 
L.292,000,000 ; but this assessment, as in all the states, is 
much below the real value. 

The following table exhibits the result of the census Papnla- 
of New York during the period preceding the War oftion^ 
Independence : — 
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Years. 

Whites. 

Blacks. 

Total 

Population. 

Hale. 

Female. 

Male. 

Female. 

1698 

1703 

1723 

1731 1 

1737 1 

1746 

1749 

1756 

1771 

8,143 

9,322 

17,583 

24,856 

25,740 

26,860 

32,355 

43,261 

73,990 

7,754 

9,085 

16,810 

18,205 

25,756 

25,622 

30,401 

39,981 

69,484 

21 

1,174 

3,364 

4,866 

4,948 

4,857 

5,696 

7,570 

10,623 

70 

1084 
2807 
2897 
3993 
, 4250 

4896 
5978 
9240 ' 

18,067 

20,665 

40,564 

50,824 

60,437 

61,589 

73,348 

96,790 

163,337 


In 1774 it was estimated that the colony of New York 
embraced a population of 1 61,098 whites, and21,149 blacks ; 
or 182,247 in all. Of the enumerations in 1776 and 1782, 
only fragments now remmn. In 1 786 a full census gave 
to the state a total of 238,897 ; of which there were 219,956 
whites, 18,889 slaves, and 12 Indians paying taxes. The 
following table is a synopsis of the enumerations of the 
state from 1790 to 1 850, taken by United States’ authority: — 


Date of 

. Wlute 

Coloured persons. 

Total 

Census. 

Persons. 

Free. 

Slave. 

Total. 

1 

Population. 

1790 

314,142 

4,654 

21,324 

25,978 

340,120 

1800 

656,039 

10,374 

20,343 

30,717 

586,756 

1810 

918,699 

25,333 

-16,017 

40,350 

969,049 

1820 

1,332,744 

29,980 

10,088 

40,068 

1,372,812 

1830 

1,873,663 

44,870 

76 

44,946 

1,918,608 

1840 

2,378,890 

60,027 

' 4 

50,031 

2,428,921 

1860 

3,048,325 

49,069' 

0 

49,069 

3,097,394 


The increase of population in this state during these 
sixty years was not only greater in absolute, numbers, but 
was also greater in proportion than in any other of the free 
states, the ratio having been 810*68 per cent. ; while Maine, 
which exhibited the next greatest growth, increased its po-r 
pulation 504*07 per cent, during the same period. On 1st 
June 1855, the population had increased to 3,466,212 ; of 
which there were 45,286 coloured persons. 

Origin of The State census of 1845 first directed inquiries con- 
population, cerning place of birth, which were of a general character. 

Similar, but more minute inquiries, were made in the na- 
tional census of 1850, and still more careful investigations 
in the state census of 1855. A synopsis of the returns of 
the three periods thus presented : — 


PLaoe of birth. 

1845. 

1850.1 

1860.^ 

1855. 

State of New York 

'New England States (6) 
Other United States 

1,894,278 

228,881 

83,642 

2,129,661 

1 307,120 1 

2,161,196 

206,(530 

81,470 

2,;^2,321 

207,639 

98,584 

Total United States... 

Foreign countries 

At sea 

2,206,801 

347,266 

2,486,771 

655,929 

2,439,206 

651,801 

2,628,444 

920,019 

611 

17,238 

Unknown 

60,428 

4,694 

6,297 


Total 

2,604,495 

3,097,394 

3 0Q7 304 

3 SI Q 





Percentage of classes : — 
1845. 1850. 

United States 84*731 78*672 

Foreign countries 13*333 21*177 

Unknown 1*935 *151 


1850. 

78*753 

21*043 

•203 


185r>, 

72*903 

26*585 


Ifew York 
State. 


0*512 


The published results of the census of 1850 and 1855 Migrations, 
confirm the well-known fact that tlie Americans are mi- 
gratory in their character, and that the tendency of their 
migration is westward. In 1850 the number of persons 
born in this state, but then residing in other states, was 
547,218 ; and the number of those born in other states, but 
then residing in this state, was 288,100; showing an excess 
of 259,119 given to other states. The census of 1855 
plainly shows that a very large proportion of the inhabi- 
tants of the western counties wore born in the eastern 


counties. 

The following table shows the respective numbers of the Origin of 
population, on the 1st June 1855, born in foreign countries 
(having over 100 emigrants in the state), and the percent- 
age of the same in the total population : — 


Countries. Number. 

Ireland 469,763 13*649 

Germany 218,997 6*314 

England 102,286 2*949 

Canada 47,842 1*879 

Scotland 27,623 0*794 

France 18,366 0*629 

Wales 8,557 0*246 

Prussia 6,352 0*183 

Holland 4,214 0*124 

Switzerland ........ 3,948 0*114 

Poland 1,880 0*054 

West Indies 1,846 0*053 

Nova Scotia. 1,602 0*046 


Countries. 

Number. 

Per 

cent. 

Sweden 

1,472 

(MM2 

Italy.: 

1,231 

0*036 

Austria 

IM\7 

0*034 

New IJrunawick.... 

766 

0*022 

Denmark. 

m 

()'0I7 

Spain......... 

570 

0'017 

Norway. 

m 

0-016 

Belgium 

454 

0-013 

Newfoundland 

im 

tvou 

South America 

2i)6 

0-008 

Portugal 

291 

0-008 

Kussin 

265 

(M)07 

Mexico 

119 

o-oos 


In 1821, by a provision of the state constitution as then Census of 
revised and adopted, the elective franchise was extended electors, 
to all white male citizens, of the age of twenty-one years, 
who paid taxes or performed military duty, or who were by 
law exempt from taxes or military service. In 1826 the 
constitution was amended by entirely abolishing the pro- 
perty qualification of %vhite voters by a popular vote of 
127,077 for, to 3215 against it. Since 1821 the state 
census period has been decennial, commencing with 1825. 

Its successive returns of the toUil population, and of the 
number of voters and aliens, have been as follows : — 


Years. 

Total 

1 Total number of 

Porcentajfe of Pop. 

Population. 

Voters. 

Aliens. 

Voters. 

Aliens. 

1825 

1,616,458 

296,132 

40,430 

18*32 

2-50 

1836 

2,174,617 


82,319 

19*41 , 

3-79 

1846 

2,604,495 


163,717 

20*32 

5-89 

1856 

3,466,2X2 

662,322 



18-54 


The constitution of 1821 provided that no man of colour Persons of 
should vote unless possessed of a freehold w‘orth L.52, above colour, 
all incumbrances, and for three years a citizen, &c. ; also, 
that no person of colour should be taxed unless possessed 
of said real estate. In the adoption of the constitution of 
1846, this provision was retained by a special vote of 


The two tables for 1850 are both derived from the official United States census. Their discrepancies are owing to the circum- 
stance that the tables from which these totals were taken were prepared for different purposes, in different ways, and at different times, 
involving the examination of the names of many millions of persons, and easily giving opportunity for some errors. The first is per- 
haps the more correct. It is taken from Tables XL. and XLVII, of the Compendium, 8vo, and is composed thus : — 


Nativities. 

Whites. 

Free 

Coloured. 

Total. 

^Born in the State 

2,092,076 

296,764 

665,224 

4,271 

37,676 

10,366 

705 

423 

2,129,661 

307,120 

665,929 

4,694 

^-Born out of the State, and in the United States, 

Born in foreign countries 

Unknown ,,,, , , 


3,048,325 

49.039 

3,097,394 
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York 114,900 for, to 3901 against retaining it* The returns of 
State, this class have been as follows : — 


Coloured persons. 

1825. 

1835. 

1845. 

1855. 

Not taxed 

38,770 

42,836 

42,321 

35,956 

Taxed 

931 

934 

2,025 

9,330 

Voters.. 

298 

578 

1,001 

... 


Growth of One of the most prominent indications of the recent 
the cities, enumerations is the tendency of the population to central- 
ize in cities and large towns, and apparently at the expense 
of the rural districts. These changes, however, inevitably 
result from the greater changes in the general condition of 
the state and the whole Union. The increase of the facili- 
ties. of intercommunication has concentrated the trades that 
they may take advantage of the division of labour. The 
unlimited field of enterprise offered in manufactures, trade, 
and commerce, has caused a remarkable growth of cities 
and towns along the lines and at the centres of the great 
routes of transportation and travel ; and these localities 
have also received the greater share of the foreign immi- 
gration. In 1855 the eight chief cities contained nearly 
one-third of the whole population of the state. The fol- 
lowing table shows their growth : — 


Cities. 

1830. 

1835. 

1840, 

1845. 

1850. 1 1855. 1 

New York... 
Brooklyn .... 

Buffalo 

Albany 

Rochester.... 

Troy 

Syracuse ,... 
Utica 

197,112 

17,014 

8,668 

24,209 

9,207 

11,556 

(Incc 

8,323 

268,089 
27,854 
19,716 
28,109 
14,404 
16,959 
frporated a 
10,183 

312,710 
42,622 
18,213 
33,721 
20,191 
19,334 
LS a city in 
12,782 

371,223 

72,769 

29,773 

42,139 

26,965 

21,709 

1848.) 

1 12,190 

515,547 

131,357 

42,261 

50,763 

36,403 

28,786 

22,271 

17,565 

629,810 

205,250 

74,214 

57,3.33 

43,877 

33,269 

25,107 

22,169 


In 1855 there were twenty-eight townships, with an ag- 
gregate population ranging from 5000 to 14,000, which con- 
tained one or more flourishing villages,; and fifty-four other 
townships, with a population ranging from 4000 to 6500, 
with villages, &c. , 

The rural In the western and other agricultural sections of the 
districts, state, the increase of population has been checked by the 
extensiye emigration therefrom to the western states and 
territories. This - emigration has drawn off a considerable 
share of the best class of the native population. However, 
it should be considered that, in many sections, agriculture 
itself requires less manual labour than formerly. The well 
provided farmer of the present day has his machines for 
sowing, hoeing, reaping, and threshing, and other improved 
implements of agriculture. 

Occupa- The employments of the male population over fifteen 
people^ years of age were thus summed up in the census of 1850 : — 

Occupations of tho People. Numbers. 


Agriculture 

Manufactures, mechanic arts, mining, trade, and 

commerce 

Labour not agricultural 

Sea and river navigation 

Law, medicine, and divinity 

Other pursuits requiring education 

Government civil service 

Army 

Domestic servants 

Other occupations i., 


313,980 

312,697 

196,613 

23,243 

14,258 

11,104 

4,985 

1,462 

6,324 

3,628 


Total 888,294 

Owing to the absence of uniformity in the schedules on 
this subject in the several enumerations, there are no reliable 
data for comparing the number of persons in the various 
occupations at different periods. 

Productive New York stands unrivalled among the states of the 
industry. ° 


Union in most of the great branches of national industry. New York 
In some few particulars it is surpassed by some states, winch 
have greater natural advantages for the prosecution of those 
branches, — as Maine, in making lumber and building ves- 
sels ; Pennsylvania, in raising coal and producing iron ; and 
Massachusetts, in manufacturing cotton and w'oollen goods, 
and in prosecuting the coast fisheries. But, taken altoge- 
ther, the< industrial pursuits in New York ^re more varied 
and more valuable in their results than those of any other 
state. 

Agriculture employs the greater part of the population, Agricul- 
pxclusive of the inhabitants of the cities, and large villages, 

Great efforts have been made, especially by agricultural 
societies, to introduce everywhere the best modes of culture, 
and with much success. Improvements of this class have 
been particularly made in the vicinity of the city of New 
York ; although in that section this result has been directly 
owing to the great demands of the populous city. For 
example, the western part of Long Island has soil that is 
naturally of moderate fertility ; but it has been greatly im- 
proved, and it is now noted for its market produce. ■ 

Comparison of some of the Returns in 1850 and 1855. 


In State of New York. 1850. 

Number of farms, &c. 170, 621 

Acres of improved laud 12,408,964 

Acres of unimproved land .... 6,71 0,120^ 


1855. 

231,740 

13,657,491 

13,100,693 


Cash value of farms L.116,530,545 

Cash value of implements 4,601,021 

Cash value of stock.. 15,327,183 


L.166, 532,362 
5,609,892 
21,620,007 


In 1850, average number of acres in the farms, 113; aver- 
age value of same, L.675 ; average value of farming imple- 
ments and machinery, L.25. According to the census of 
1850 (in which the returns of products are for the year 
ending 1st June 1850) New York ranked as first of the 
states in its aggregate production of bats (26,552,814 bush. 

-out of 146,584,179 in the whole Union), of buckwheat 
(3,183,955 out of 8,956,812), of barley (4585,059 out of 
5,167,015), of Irish potatoes (15,398,368outof65,797,896), 
of peas and beans, of market garden products^ of orchard 
products, and of hay, maple, sugar, honey, and bops. The 
wheat crop was 13,121,498 bush., or 13 per cent, of the 
whole United States’ crop, and ranking as the third state in 
this respect ; that of Indian corn was larger, amounting to 
17,858,400 bush., though only 3 per cent, of the United States’ 
crop. It also ranked as first of the states in the amount of 
its live stock (valued at L.15, 325,099 out of L.l 13,370,936 
in the whole Union), in the value of animals slaughtered, 
and in its products of butter and cheese. Its product of 
wool was about one-fifth of all in the Union, greatly exceed- 
ing that of every other state, excepting Ohio, which was a 
triflfe larger. 

In manufactures New York is very extensively engaged. Manufac- 
Its aggregate productions of this class of industry in 1850tures. 
not only exceeded the corresponding product of any other 
state, but amounted to nearly one-fourth of all manufactures 
produced in the United States. 

Statement of Establishments in 1850, each producing to the 
' amount of L.l 04, or upwards^ yearly. 


, Classes. 

Xo. 

Capital. 

Value of Raw 
Material. 

Persons 

Employed. 

Annual 

Product. 

Cotton 

Woollen 

Pig iron.............. 

Iron-casting 

Wrought iron 

Distilung, &c i.m.... 

Tanning 

Total 

86 

249 

18 

323 

-81 

189 

942 

192 

L.870,189 

929,032 

126,040 

963,013 

389,924 

58d,726 

1,046,901 

170,820 

L.41S,740 

799,618 

66,878 

499,738 

480,297 

1,268,584 

131,654 

' 6,320 
6,674 
505 
5,925 
2,130 
1,676 
4,945 
873 

L.748,826 

1,464,706 

124,664 

1,233,742 

783,068 

204,298 

207,979 

23,553 

L.20,813,414 

L.28,053,260 

199,349 

L.49,499,421 


Per cent, profit of the total, 53*86 ; total females employed 


^ This raturn of unimproved lend li of that attached to farmok 
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:Nev/ Yo'k (tncladed in the above) 51,612--in cotton works 3668, 
State woollen 2412, tanning 31 ; total annual wages of all per- 
sons employed L.8,360,623. From the census of 1850 it 
appears that of the classes of manufactures specifically men- 
tioned New York then ranked as first of the states only in 
the manufactures of iron-casting, those of tanneries, and of 
salt, beer, and ardent spirits ; indicating that its products, 
aside from the great classes, were of many kinds. It also 
appears that, in distilleries and breweries. New York em- 
ployed more capital than any other state (amounting to 
L.538,726 out of L. 1,772, 409 in the whole Union) ; that its 
‘ product of beer was about four-sevenths, of rum about two- 
fifths, and of whisky and high wines about two-ninths of all 
made in the Union. The census of 1855 returned the 
following statements : — 

Total number of establishments 24,833 

Establishments using water-power 7,551 

Establishments using steam-power 2,444 

Persons J Women 37,771 1 oIzLqqo 

Employed. I Boys under 18 years 15,736 1 * "'*** ' 

1 Girls under 18 years. ....... 6,233J 

Capital invested in real estate L.14,818,832 

Capital invested in tools and machinery 7,337,406 

Cash value of raw materials used 37,165,478 

Cash value of manufactured articles 66,128,816 

The products from mining, so far as reported in 1850, are 
included in the preceding total of the manufactures. The 
localities in which this branch of industry is prosecuted are 
referred to in the previous descriptions of the geology and 
mineralogy of the state. The census of 1840 reported 
that 1898 persons were then employed in mining. 

The lumber business of this state is a source of much 
wealth. The forests about the Sasquehanna and Delaware 
furnish large quantities of pine for the Philadelphia and 
Baltimore markets. Albany is noted as one of the greatest 
markets for lumber in the world, though the greater part of 
it is not obtained from New York, but from Canada, Michi- 
gan, and Ohio. 

The interest of New York in the coast fisheries is im- 
portant, but there are no official or reliable returns on this 
subject. In the deep-sea fisheries the state is not largely 
engaged, and less so now than formerly. The number or 
vessels in the whale fishery, January ], 1856, was 31, vrith 
aggregate tonnage of 10,493 tons, showing a great decrease 
from ibrmer times. 

Buihiin^-of building of vessels is very extensively prosecuted. 

The amount of tonnage built within this state annually, 
during the last four years, has uniformly averaged one-fif’th 
of the whole built in the Union. Nearly all of the great 
American steam-ships have been built in New York city. 
Tonnage amount of tonnage owned in this state is propor- 

t»vi’]ied in tionably less than the commerce, because many vessels 
New York, which are employed in its carrying- trade are built, owned, 
and registered, or enrolled in other states. New York, how- 
ever, owns two-sevenths of the total tonnage, and one-third 
of the steam tonnage of the whole United States. 

Statement ofZOth June 1856. 

New York. United States. 

Total tonnage 1,608,810 4,871,652 

Registered steam tonnage 68,777 89,715 

Enrolled steam tonnage 165,738 683,362 

Total steam tonnage 224,515 673,077 


Mining. 


Ijumber 

business. 


Pislicries. 


Tonnage of the several Districts in 1 856. 

I^ew York 1,328,036 

Sag Harbour 7,219 

Greenport 10,238 

Cold Spring 1,393 

Champlain 11,249 

Oswegatchie 9,572 


Cape Vincent 6,130 

Sackett's Harbour 1,571 

Oswego : 38,888 

Genesee 4,012 

Niagara 566 

Buffalo Creek 89,929 


The internal improvements of New York are remark- Hew York 
able for their extent and cost, and have most beneficially in • State, 
fluenced the prosperity of the state and of the Union. Slost 
of the canals were constructed, and are now owned by the Internal 
state, and these have an aggregate length of about 800 miles, improve- 
All the railroads have been formed by incorporated com- i^ents, 
panics, and without the aid of the state, excepting its sub- 
scription of L.625,000 to the New York and Erie Railroad. 

In the interior, especially in the vicinity of large towns, 
there are many excellent plank-roads, which have probably 
cost, in the aggregate, at least L.1,000,000. The state’s 
receipts from the canals have of late years varied between 
L.540,000 and L.625,000 annually ; and about one-third of 
this is expended for the care, repairs, &c., of the canals. 

The Erie Canal was constructed during 18l7"25, 364 miles 
long and 40 feet wide, at a cost of L. 1,488,286 ; at various 
periods sections of it have been enlarged, and this work of 
improvement is still in progress. The Delaware and Hud- 
son Canal was built, and is owned by an incorporated com- 
pany; 83 miles of its length is within New York, In 
1832 the first two lines of railroad were opened, — viz., from 
Albany to Schenectady 15 miles, and from the latter place 
to Saratoga Springs. Statistics (September 30, 1855) of 
railroads in New York: — Length of track laid, 261 li 
miles; length of double track, including sidings, 912| 
miles; total cost of road, equipment, and other expendi- 
tures, L.26,851,679; total amount of funded and floating 
debt, L.16, 276,209; capital stock paid in, L. 14,404,560 ; 
gross receipts in fiscal year 1 855, L.4,492,224 ; do. ex- 
penses, L.2, 520,448. Length of main line of Erie Rail- 
road, — New York city to Dunkirk, 461 miles ; New York 
Central Railroad, Albany to Buffalo, 298 miles; Ilud.son 
River Railroad, New York to Albany, 144 miles. 

The total amount of the domestic and coasting trade of' Domestic 
this state is not known with any exactness ; but this, un- rowst- 
doubtedly, is in a ratio corresponding to the extent of its 
canals and railroads, and the amount of its foreign com- 
merce, as compared with other states. 

The foreign commerce of New' York (‘omprises about Foreign 
two-fifths of the exports of all the United vStates, and some- commerce, 
what more than three-fifths of the import-s — thus averaging 
more than half the foreign commerce of the nation. 

The following table is made up from tlie returns of the 
collection districts lor fiscal year 1 856 : — 


Collection Diatrlcts. 

Kxvorts. 

Imjmrttf. 

Total. 

Domestic. 

Foreign. 

New York 

Ii.20,573,660 

Ij.1, 270,538 

D,40,759,478 

Champlain 

490,578 

242,499 

358,000 

Oswegatchie 

161,374 

154,095 

376,832 

Cape Vincent 

138,718 

62,218 

3311, <i91 

Sackett’s Ilarhour.. 

169 

*** 

3,770 

Oswego 

997,415 

142,987 

1,108,595 

Genesee 

157,806 

... 

232,787 

Niagara 

182,269 

40,562 

219,943 

Buffalo Creek 

180,967 

16,845 

393,171 

Total in 1852 ... 

15,425,535 

2,800,387 

27,668,600 

Total in 1854 ... 

21,989,942 

3,638,101 

40,714,148 

Total in 1856 ... 

22,880,102 

1,929,785 

43,783,425 


Total tonnage owned in the state, 1,508,810; consisting of 
734,289 enrolled and licensed, and 774,626 registered* 


Soon after the organization of the state government, pro- Education, 
vision was made for an efficient system of public education. 

Every town is divided into a suitable number of districts, 
and in each is a school maintained at the public expense. 

Statistics of the year 1855 : — 

School districts in which school was kept on an aver- 
age eight months in the year, reported 11,883 

Teachersemploycd (males, 10,117; females 14,019), do. 24,136 

Children in state between 4 and 21 years, do. 1,207,2X4 

Attendance in the common schools, do. 876,603 

Attendance in private unincorporated schools, do. 45,362 
Attendance in academies, do* 29,967 
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New York 
State. 


Aggregate attendance, as above 961,932 

Aggregate expenditures for common schools L.735j817 


It may be justly concluded that there is comparatively 
only a small proportion of the children and youth in the 
state who do not spend a portion of their time in school. 


state Fnnds for Education. Capital. 

Common school fund L.619,146 

Literature fund 56,132 

TTnited States deposit fund 836,357 


Income 1856. 
L.32,736 
3,536 
53,619 


Eighteen collegiate institutions, in the census of 1850, were 
reported to have 174 teachers, 2673 pupils, and an annual 
income of L.30,864; and 883 academies, See., were reported 
to have 3130 teachers, 49,262 pupils, and annual income 
of L.l 68,817. 


Public 

libraries. 


Libraries other than private in the State in 1850. 


Libraries. Number. Volumes. 

Public 43 197,229 

School 10,802 1,388,729 

College 25 138,870 

State school 137 33,294 

Church 6 2,698 


Aggregate of libraries reported, 11,013 1,760,820 


The Press. In 1810 there were 66 newspapers, with circulation of 
4,139,200; in 1828, 161; and, in 1834, 267 issues; of 
which 21 were dailies. The returns of subsequent periods 
are as follows : — 


The Press. 

Number 
in 1840. 

Number. 

1850. 

Copies Yearly. 

Number 
in 1855. 

Dallies 

34 

61 

63,928,685 

73 

Tri-Weeklies ... 1 



776,100 

13 

Semi- Weeklies., j 

lo 

i 13 

3,116,360 

16 

Weeklies 

198 

308 

39,206,920 

411 

Monthlies, &c 

57 

48 

8,358,408 

157 

Total 

302 

428 

115,385,473 

670 


In 1855, number whose circulation was reported. . . 640 

Copies printed per annum of those reported 193,294,621 

Estimated copies per annumof all classes....... 241,749,902 


Churches. The following table presents the statistics of the prin- 
cipal religious denominations, according to the census of 
1 855, preceded by the total, which embraces over forty sects. 
These returns are of those religious societies that have each 
a regular chapel of their owm, not including those that 
worship in schoolhouses and places of secular use : — 


Denominations. 

Chapels. 

Value of 
Property. 

Usual At- 
tendance. 

Church 

Members. 

Baptists, four sects 

Congregational 

Evangelical Lutheran 

Friends 

Methodists, nine sects 

Presbyterians, five sects... 

Protestant, Episcopal 

Reformed Protest. Dutch 

Roman Catholic 

Union Bethel and Free ... 
Universalists 

The total 

882 

,301 

100 

134 

1580 

710 

346 

260 

291 

152 

133 

L. 658,233 
300,873 
81,281 
86,533 
958,607 
1,239,137 
1,396,626 
628,146 
798,184 
46,834 
143,628 

143,465 

56,637 

20,834 

9,985 

250,995 

163,054 

78,698 

70,093 

272,084 

17,415 

18,064 

89,713 

25,946 

13,964 

5,340 

140,196 

92,712 

32,978 

30,197 

242,225 

7,923 

4,670 

5077 1 

L.6,568,647 

1,124,211 

70 2,384 


Average value of churches, L.l 290; average accommo- 
dation, 421 ; average number of inhabitants to each church, 
683. Percentage of accommodation to total population, 
61*73 ; of attendance do., 32*41 ; of membership do., 20*23. 
Pauperism, By census of 1825 the percentage of paupers to total 
&c. population was 0*34; do. 1835, 0*31; do. 1845, 0*32. The 
census of 1855 made no report on this subject. It is 
known, however, by the annual reports of the secretary of 
state, that pauperism has, since 1845, been much increased, 


though in no greater ratio than the foreign immigration, to New Y'ork 
which it is in a very large degree attributable, City. 

During the year 1855 there were convicted in the courts 
of record of the state 1842 persons, as follows: — Of Crime, 
offences against the person, 397 (383 males and 14 females) ; 
offences against property with violence, 278 (275 males 
and 3 females) ; offences without violence, 586 (507 males 
and 79 females) ; offences against the currency, 37 (36 
males and 1 female); all other offences, 544 (513 males 
and 31 females). In all the courts there were 6744 convic- 
tions, and of these 5076 were of foreigners. 

There are three state prisons, in which for the 8 years State 
1847-55, the average yearly number of prisoners was about prisons. 
1700; and the average yearly increase was 86. Number 
on 1st December 1855, 1901 (1679 whites and 222 blacks) ; 
and of these 92 were white females, and 14 black females. 

The state has two establishments for the reformation of Houses of 
juvenile offenders. The older one, at Randall's Island, city refuge, 
of New York, was opened in 1825 ; and, up to the close of 
1856, had received 6880 children and youth, of whom it is 
believed that 70 per cent, were there reformed. 

The state maintains numerous public institutions for Public in- 
those unfortunate by nature or calamity. These are very stitutions. 
extensive, and conducted according to the best practice 
known in similar establishments. The chief of these are 
— the lunatic asylum at Utica ; institution for the deaf-and- 
dumb at New York ; institution for the blind at New York ; 
and the asylum for idiots at Syracuse. At New York also, 
partly sustained by the state, are the City Hospital, Bloom- 
ingdale Asylum for the insane ; emigrant hospitals ; insti- 
tutions for seamen ; dispensaries, &c. (f. h.) 

NEW YORK, city and port of entry, New York county, 
state of New York, lies at the head of New York Bay, 
and at the confluence of the Hudson River and the strait 
called East River, which connects Long Island Sound 
through New York Bay with the Atlantic Ocean. It is 
the commercial metropolis of the state of New York, and 
the greatest emporium in the New World. In general 
importance it surpasses all other great cities of the world, 
excepting London and Paris. Its area comprises (the city 
and county having the same limits) the whole of Manhattan 
or New York Island, and several small islands immediately 
adjacent. The separation of the former from the mainland 
is caused by the water-course called Harlem River, con- 
necting the Hudson and East Rivers ; but this is, in fact, 
of little account ; for, although the stream is, or might be, 
of considerable service in navigation, it is crossed by bridges, 
and the Croton Aqueduct. The extreme length of New 
York Island is about 13J miles; its width through the greater 
part of its length is about 2 miles; but at each extremity it 
decreases irregularly ; and its area is about 14,000 acres, 
or 22 square miles. Lat. of the City Hall 40. 42. 43. N., 

Long, of do. from Greenwich 74. 0. 3. W. 

New York enjoys from nature almost every advantage Harbour, 
that could be desired to build up a great emporium. It bay, and 
extends between two rivers, each of which is navigable for rivers, 
the largest vessels; and the harbour, below their confluence, 
might contain the navies of all nations. The width of 
the Hudson River is quite uniform, and is somewhat more 
than a mile ; while that of the East River varies, being, in 
some narrow localities, not more than two-fifths of a mile, 
though generally much greater. The harbour or inner 
bay is of irregular elliptical form, about 8 miles long and 
25 miles in periphery. This is not only one of the best , 

but one of the most beautiful harbours in the world. Its 
southern part is surrounded with small settlements, connected 
by elegant villas and their gardens. Toward its northern 
part the number of vessels at anchor increases ; and beyond 
these is the dense forest of masts, bearing the flags of all 
nations, crowded around the wharves of the great city and its 
suburbs. In it are three islands ceded to the national go- 
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Kew Tork vernment, and fortified for the defence of the city. By 
City, the strait called “ the Narrows,” 7 miles from the lower 
part of the city, and which is, for the space of a mile, about 
r mile wide, with extreme depth of 86 feet, it communicates 
with the outer harbour, or bay proper, which extends 
thence to Sandy Hook Light, 18 miles from the city, and 
opens directly out into the ocean, forming one of the best 
roadsteads on the Atlantic coast. On the bai% at Sandy 
Hook the depth of water in the old channel is 21 feet at low 
tide, and 27 or 28 feet at high tide ; but; in the New or 
Gedney's Channel, it is 32 at low tide, and 38 or 39 at high 
tide. The channel inside varies from 35 to 72 feet. The 
rise of the tide is nearly* 7 feet. The depth* of water at 
the wliarves is sufiicient for the vessels which they respec- 
tively accommodate, and increases rapidly outwards. The 
currents in the rivers and bay are very strpng, keeping 
these waters open when the rivers and bays much farther 
south are frozen up. In very severe winters the East River 
is obstructed for a short time by ice ; which, in a few cases, 
has colleOted so as to form a solid mass. 

Defences. The harbour has for a long period been well provided 
with defences, and these are being steadily augmented by 
the general government. The principal works are at the 
Narrows, which is the most important and most readily ac- 
cessible avenue of approach. On the Long Island side, or 
shore of the channel, are Fort Hamilton and Fort Lafay- 
ette. On the Staten Island side, or shore of the channel, 
are batteries Hudson and Morton, Fort Richmond (in 18«57 
not completed), and Old Fort Tompkins. Quite near the 
lower point of the city there are fortifications on three 
islands,—- Governor’s, Bedlow’s, and Ellis’s, — and to these 
may be added Castle Clinton, which is now entirely dis- 
mantled, but occupies a good position, and might again be 
put in servicea;ble condition. The passage by the East 
River from Long Island Sound is defended by Fort 
Schuyler, a powerful work, situated at a narrow pass in the 
river, about 17 miles from the lower part of the city. 
Since 1854 there has been in construction a monster iron 
steamer, or steam battery, designed for use in the waters 
of the bay from Sandy Hook upwards, and intended to be, 
in fact, a moveable fort of great efficiency. In 1857 Con- 
gress provided for the commencement of a fort opposite 
Fort Schuyler ; for the erection of another on the site of 
old Fort Tompkins; for the repairs of those already estab- 
lished; and for extensive fortifications at Sandy Hook. 

Surface. The island was originally much diversified; and, in its 
upper portion; where least peopled, it still retains somewhat 
of its original character. The elevated rocky portions sub- 
sequently mentioned, vary from 70 to 130 feet above tide 
water — the valleys being often deep, and the hills precipitous. 
With the increase of population improvements have been 
made according to a uniform system, in laying out avenues and 
streets, levelling them, providing sewerage, &c. The island 
is traversed centrally throughout its lower part by a ridge, 
on each side of which the ground slopes gently to the 
water. There is also a line of elevation along the western 
side of the island in its upper part, from which the ground 
descends to the Hudson and the East River. A consider- 
able portion of the lower part of the city, particularly that 
near the rivers, is artificial ground. The Battery, a public 
park at the southern extremity, was made upon a low ledge of 
rocks, much beyond the original water-line, at first of 10 
acres; but since 1854 it has been extended to 17 acres. 

Geological The island lies upon the upturned edge of the primitive 

formation. raUge Which extends through Westchester county and the 
New England States into Canada. The basis rock is 
gneiss, except, for about 1 mile at the northern extremity, 
which is limestone, granular and primitive, and consider- 
ably quarried. The middle and northern portions are, or 
were, rough and broken, from the almost constant outcrop- 
ping of the f ock» The rock begins to makes its appearance 
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in the neighbourhood of Thirtieth Street, and thence ex- Kew York 
tends northward to Manhattan ville. In many places it City, 
occupies large patches. On the west side of the city, not 
far from the Hudson River, between Fiftieth and Sixtieth 
Streets, and in some other parts, streets were cut through it. 

The lower portion is everywhere covered with alluvial and 
diluvial deposits, and is comparatively level. The soil is 
a sandy alluvion, and less fertile than in many other parts 
of the state. 

The history of the city is directly divided into three JEvents in 
periods, during which it has belonged to the three govern- the annals 
ments, — Holland from 1609 to 1664; Great Britain from city. 
1664 to 1783 ; and the state of New York since 1783. The 
most prominent events in each period are thus stated : — 

Dutch period. — 1609, September 3, Hendrick Hudson 
entered New York Bay; 1613, the settlement of New Am- 
sterdam was commenced; 1621, the Dutch West India 
Company commenced operations; 1626, the island was 
purchased of the Indians ; 1652, New Amsterdam was in- 
corporated, and the government passed from the West 
India Company into the hands of two burgomasters and five 
assistants, called schepens, and one schout or sheriff; 1664, 
September 9, the English took the province. 

English period. — 1664, name changed to New York; 

1673, July, retaken by the Dutch and called New Orange, 
and held by them until ensuing year (treaty of 9tb February 
1674); 1686, James IL abolished the representative sys- 
tem, &c. ; 1689, Leisler insurrection ; 1690, a colonial con- 
gress assembled here; 1696, city lighted by ordinance; 

1711, slave-market established in Wall Street; 1720, two 
per cent, laid on European imports; 1725, York 
appeared ; 1730, enlarged charter granted by (Go- 
vernor Montgomerie; 1732, stage routes established to 
Boston and Philadelphia, travelled once a mouth ; 1741-2, 

‘‘Negro plot” and yellow fever; 1765, a colonial congress 
assembled here ; 1776-83, Revolution; 1776, September 
21, a few days after the city had fallen into the hands of 
the British, a conflagration, destroying from one-eighth to 
one-fourth of the whole city; 1783, November 25, evacua- 
tion by British army. 

American period. — 1789, April 30, Washington inatigu- 
rated first president of the United States at Federal Hall, 
on site of present custom-house ; 1 798, 2086 (U*aths by 
yellow fever, which returned in 1803, 1805, and 1822; 

1807, Fulton’s steamboat on Hudson River; 1811, great 
fire ; 1812, war with Great Britain, which suspended com- 
merce ; 1126, Erie Canal completed and great celebration ; 

1832, Asiatic cholera, 4360 deaths ; 1 835, Dtfcember 16, 17, 
conflagration of 648 buildings, loss L.5,2{)0,(KK) ; 1837, 
commercial revulsion; 1842, October 14, celebration of 
completion of Croton Aqueduct; 1845, conflagration of 
546 buildings, loss L.i,250,000; 1849, clmlera; 1850, 

Collins’ steamers to Liverpool; 1851, Mav, Erie Railroad 
completed to Dunkirk; 1852, avenue railroads; 1853, 

World’s Fair at Crystal Palace ; 1854-5 (winter of), tem- 
porary depression of business, and suffering among the 
poorer classes ; 1857, May I, new city charter partially car- 
ried into effect; June 16, culmination of the riot resulting 
from opposition to the reorganization of the police depart- 
ment, followed through the summer by disturbances about 
municipal affairs ; September and October, a terrible fin- 
ancial panic, which increased daily to 14th October, when 
the banks suspended specie payment; 1858, January 4, 
new city charter carried into full effect, with installation of 
new officers. 

The foregoing enumeration of the principal occurrences 
in the annals of the city does not constitute or comj)rehend 
a correct outline of its real history. For a correct \mdcr- 
standing of this, we must compare the progress of the city 
with the outline history of the domestic and foreign com- 
merce of the United States; and by so doing it is readily 
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of com- 
merce. 


New York apparent that the remarkable prosperity of the former has 
City. resulted from the general prosperity of the latter. 

Commercial interests originated the settlement of New 
Growth of York, developed its rapid growth, have always directly in- 
New York fluenced its changes of fortune, and are now "the main sup- 
the result greatness. With the fluctuations of the course 

of events, in regard to general commerce, there has always 
been a corresponding 'change in the ratio of increase of the 
population of the city and its general prosperity. After the 
close of the Revolution, an activity in business was every- 
where apparent; and the citizens, by tlieir persevering in- 
dustry, were ultimately enabled not only to materially ad- 
vance their own private interests, but also to promote, the 
prosperity of the community at large. During the ten 
years fromi 1790 to 1800, the population of the city in- 
creased from 33,131 to 60,489, or at a ratio of 82*16 
per cent. During this period the old world, involved 
in wars, was making constant demand upon the produc- 
tiveness and industry of the new world. In the latter, 
tlie produce of New York and the Western States was 
pressing to the Atlantic, whence the shipping of the port 
of New York carried it abroad, returning again with goods 
for distribution, both in its own and neighbouring markets. 
Thus the business of the city increased wonderfully, and its 
attendant advantages drew thither capital and men to par- 
ticipate in the profits from the large investments there made. 
During the next decade, 1800 to 1810, there was a falling 
off of the ratio of increase of both population and wealth, 
and business enterprise was greatly depressed. Though the 
increase of population during this period was at a ratio of 
59 J per cent, viz., from 60,489 in 1800 to 96,783 in 1810, 
the increase in wealth was but 8 per cent. : viz., from 
L.5,101,323»to L.5,407,572. In the first half of the suc- 
ceeding 10 years, 1810-20, the foreign commerce of the city 
was entirely suspended for 3 years by the war of 3812-14- 
with Great Britain ; after which, from 1815 to 1820, it again 
revived, and greatly promoted the prosperity of the city and 
nation. During this period, 1810-20, the increase -in valua- 
tion was from L.5,407,572 to L. 14,4.85,568, or 163 percent.; 
while the increase in population was from 96,373 to 123,706, 
or only 28 J per cent. ; which ratio is less than that’ of any other 
decade, and clearly illustrates the connection of the city's 
growth with commerce, since, during this same period, the 
increase of the population of the state was more rapid than 
ever before. From 1820 commerce steadily increased until 
1825, in which year it reached a climax, that was not again 
attained until 1831. In 1826 the completion of the Erie 
Canal opened a new avenue for trade and commerce, and 
assisted in the formation of the great speculations which 
soon characterized the financial career of the city. The 
reaction that followed this unnatural prosperity for a time 
prostrated all branches of business, and most seriously 
affected the commercial interests of the city. Since its 
recovery from that reverse of fortune, its commercial 
prosperity has, for the most part, been steadily augmenting, 
though of course somewhat affected by the changes in the 
tariffs of the national government, and by the changing rela- 
tions of the nations with which it has had intercourse. 


Progress of 
population. 


Progress of Population of the City Proper. 


Year Population. 

1673 ; 2,600 

1698 4,937 

1731 8,628 

1756 10,381 

1773 21,876 

1786 28,614 

. 1790 83,131 i 

1800 60,489 

1805 76,770 

1808 83,630 

1810 96,373 


Tear. Popnlation. 

1814 96,619 

1816 100,619 

1820 123,706 

1825 166,08? 

1830 .'.202,589 

1836 268,089 

1840 ; 312,710 

1845 371,223 

I860 512,547 

1856 629,810 


been very defectively taken, and it is highly probable that New York 
a correct enumeration would have shown a permanent City* 
population of above 700,000. The population of the im- 
mediate suburbs should also be considered in this account, 
since these are, in fact, parts of the metropolis. 

^ On the East River side is the city of Brooklyn, which. Suburbs 
since 1854, has comprised the former cities of Brooklyn and and their 
Williamsburg, and the town of Bushwick. The following growth, 
ing table states the progress of population from 1840, in 
each of its divisions and in the whole of King's county, 
which consists of the city and several towns : — 


Years. 

Consolidated City of Brooklyn, 

King’s 

County. 

Total. 

Brooklyn, 

Williams- 

burg. 

Buskwick. 

Total. 

1840 

1845 

1850 

1865 

36,233 

69,674 

96,838 

148,774 

5,094 

11,838 

30,780 

48,367 

1,295 

1,867 

3,739 

8,109 

42,622 

72,769 

131,357 

206,260 

47,613 

78,691 

138,882 

216.355 


On the New Jersey side of the Hudson, opposite the lower 
part of the city, are Jersey city and Hoboken. The popu- 
lation of the former, in its present area, was 11,473, and in 
1855, 21,715 ; that of the latter Was, in 1850, 2668, and in 
1855, 5842; and this growth was but a continuance of 
previous duplication. Newark, the largest city in the state 
of New Jersey, situated 8 miles west of Jersey city, in 
1830 had lOjOdS inhabitants; in 1840, 17,290; in 1850, 
38,894 ; and in 1855, 53,440 ; and this growth was, in great 
part, owing to that of New York, since the greater part of 
the business consists in producing manufactures for the 
New York market. The manufacturing city of Paterson, 
16 miles from Jersey city, had 7596 inhabitants in 1840, 
11,334 in 1850, and 23,960 in 1855 ; and its business like- 
wise centres in New York. 

Origin of Population of New' York in 1845-50-55. 


Origin of Population, 

1845. 

1865. 

1855. 

Born in the United States 

236,667 

277,762 

303,721 

Born in foreign countries 

128,492 

235,733 

322,366 

Born at sea...., 

... 


103 

Unknown 

6,164 

2,062 

- 3,620 

Total population 

371,223 

515,847 

629,810 


Origin of those Porn in the United States. 


Origin of Population. 

1845. 

1850. 

1855. 

The etat/Pi of New York 

194,916 

16,079 

25,672 

234,843 

.262,156 

17,976 

23,589 

The New England States (6) 

Other States of the TTnion 

17', 543 
25,366 


Total United States 

236,667 

277,752 

303,721 



Summary of those Porn in Foreign Countries. 



1850. 

1865. 

England \ 

■Wales,..; 

.... 23,671 

f 22,713 
\ 935 

Scotland 

.... 7,660 

8,437 


,...133,730 .. 

176,785 

Germany 

.... 66,476 
.... 665 

95,986 

1,686 


.... ■ 109 

331 

, 

italy 

Spain .... .Ti.tt . ...... 

.... 708 

.... 303 

' 968 
843 

Eraoce t t-t.-iT. 

.... 4,990 

6,321 

- Various other countries. . .. ■ 

.... ^,421 

8,961 

Total 

235,733 

322,366 


The census of 1855 (June and July), is kpown to have 


In 1850 the population comprised 13,815 free 
persons, and we have the following statistics concerning 
them - 
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New York 
City. 


Items of Returns. 


Males 

Females 

Number of families 

Number of dwellings 

Born in state of New York 

New Jersey.. 

Virginia 

Pennsylvania., 

Maryland 

„ /Labourers 

Occupations of Servants 

males over 15/ Barbers 

years. I Coachmen 

ICook 


Mulattoes. 

Blacks. 

Total. 

1,330 

4,765 

6,098 

1,736 

5,984 

7,717 

663 

! 2,326 

2,989 

211 

721 

932 

1,887 

6,469 

8,356 

246 

1,234 

1,480 

166 

712 

878 

169 

613 

682 

170 

580 

750 

187 

957 

1,144 

196 

612 

808 

42 

80 

122 

11 

96 

107 

17 

78 

95 


Civil con- 
dition. 


Voters and 
aliens, 


Sixty of this class were engaged in pursuits requiring edu- 
cation, of which one-third were Mulattoes. 

The census of 1855 is the first that affords data for com- 
parison of the number of single, married, and widowed in 
the population. In the city the percentages of these classes 
were — single, 60*78; married, 34*41 ; widowers, 1’04; and 
widows, 3*63. 

The nuraber.,and percentages of aliens and voters since 
1821 in the city have been as follows : — 


CoilBllS. 

Total Number. 

Percentage to Pop. j 

Years. 

Yo ers. 

Aliens. 

Voters. 

Aliens. 

1825 

18,283 

43,091 

63,927 

88,877 

18,826 

27,669 

60,946 

232,678 

ll-io 

16- 96 

17- 22 
14-11 

11*33 

10*24 

16*14 

36*93 

1836 

1845 

1855 



.Adults un- 
able to 
read and 
write. 


Of adults (above 20 years) unable to read and write there 
were in the city in 1840, 7775 whites. The same class in 
1850 (also above 20 years) consisted of 17,140 whites, and 
1667 coloured; or a total of 18,807 — of whom 2358 were 
native, and 16,449 foreign born. In 1855 the total number, 
white and free coloured, above 21 years, was 25,858, origi- 
nating as follows : — 

Coimtrios. Malos. Females, i Countries. Males. Females. 

Ireland 6,383 14,995 | Switzerland 3 6 

England 97 162 

Scotland 20 41 

Germany 597 856 

France 43 56 


Countries. 

Switzerland 3 

Other European 1 
Countries ..... j 

Canada 25 

United States... 1,108 
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955 


Families 
and dwell- 
ings. 


Owners of 
land. 


Plan. 


Returns of 1850 and 1855 on Families and Dwellings. 

Statements. Dwellings. Families. 

1850. 1856. 1850. 1855. 

Number 37,677 42,668 93,608 126,658 

Persons in each 13*60 14*79 6*47 4-97 

In 1855 the total value of dwellings, including the value 
of their lots, was reported at L.56,975,391, being an average 
of L.1333. 

The number of all classes reported in 1855 as holding 
land by deed, contract, or perpetual lease, w'as 14,784, or 
2*34 per cent, of the whole population. The total value of 
real and personal estate in the city and county of New York, 
for the year 1856, was L.l 06,6 12,599, ofwhich L.70,935,849 
was of real estate. 

The valuation, as stated previously, is less than the real 
value of property assessed. In 1856 the total valuation of 
the “moneyed or stock corporations deriving an income from 
their capital” was L.19,648,062, consisting of L.17, 363, 539 
personal estate, and L.2,284,523 real estate; on which the 
tax for city purposes was L.27l,248. 

The general plan of the city is regular. In the old or 
southern part, now devoted wholly to business, the principal 
streets were in part formed according to the shape of the 
isl^d, and hence its plan is not continuously uniform, 
although each of its large divisions is by itself comparatively 
regular. The uniform plan of avenues and streets com- 


mences at Houston Street, 1 mile from the City Hall, and New York 
If miles from tlie Battery. Above this point the island City, 
is divided longitudinally by fourteen parallel Avenues, 100 
feet wide, which are crossed at riglit angles by 156 streets, 
numerically designated, running directly from river to river, 
and 80 feet wide, excepting sixteen. Tlie latter are 100 
feet wide, of wliich Fourteenth Street is the first that ex- 
tends entirely across the island. The principal street is Principal 
Broadway, especially that main portion of it which occupies streets, 
the central ridge of the island, extending in a straight line, 
and with uniform breadtli of 80 feet, nearly 2f miles, from 
the Battery to Tenth Street (Grace Church). It is mainly 
occupied by stores, but it also contains the principal hotels 
and theatres, besides several banks and otlicr prominent 
structures. Although a very large proportion of the build- 
ings in this street are of costly construction, so that there 
is not a more splendid business thoroughfare in the world, 
yet its general aspect is impaired by a remarkable diversity 
of architecture, for almost every block com{)riscs several 
fronts of marble, sandstone, and brick. The Bowery is the 
next most important of the thoroughfares ; it is more plainly 
built, and is traversed by some of the city railroads. Fifth 
Avenue is the central street of the most elegant and fashion- 
able portion of the city, and is wholly occupied by very 
costly private residences, which are chiefly constructed of 
brown sandstone ; and several fine churches. Like all other 
large cities, however, New York has many streets which 
are lined with cheap, miserable, and densely-peopled tene- 
ments, which, with their inmates, afford a sad contrast to 
the display of wealth and magnificence in other sections. 

Besides the great central park, the city has seventeen 
public squares and other areas, for the most part of small 
extent, though varying in size, tlicir aggregate area being 
170 acres ; they are generally inclosed with handsome iron 
fences, and ornamented with trees, fountains, &c., affordhig 
pleasant promenades. The new central park, designed 
in 1853, and not yet completed, extends from Fifty-ninth 
to One Hundred and Sixth Street, between Fifth and 
Eighth Avenues. It is 2 j- miles long by half a mile wide, 
comprising 776 acres, including the pre.sent distributing 
reservoir (occupying a position nearly central), the ground 
taken for a new reservoir, and the Arsenal grounds belong- 
ing to the state, and valued, as first taken in its unimproved 
state, at L.l, 076, 94 7. Its surface is somewhat uneven, and 
its natural configuration is used as the basis of the improve- 
ments. There are two beautiful parks, each comprising a 
square, which are ]>rivatc property. 

Owing to the natural shape of the island, to the fact that Movement 
it was first settled at its southern extremity, and to the 
eligibility of that section for the extension of trade and 
commerce, it has resulted that the growth of the city has, 
with successive years, been manifested by an increase of 
houses and business buildings in a northward direction. 

In the southern and business section the number of dwell- 
ings has yearly decreased, the old houses being pulled down, 
and stores or other establishments erected. Therefore in 
that section the number of inhabitants, instead of increasing 
or remaining stationary, has rather diminished, and the 
absolute increase of population has been most apparent in 
the northern section. In the spring of 1853 the city was 
quite compactly built from the Battery to Forty-second 
Street, 4 miles. In that year, and somewhat before, a great 
impulse was given to the northward movement by the erec- 
tion of the Crystal Palace ; and also by the sale on the part 
of the city of large tracts of ground in that section. The 
increase, since 1853, of population in the northern sections 
has been very great, and in part attributable to the intro- 
duction and extension of city railroads. 

The several sections of the city are characterized by con- Styles of 
siderable uniformity in their respective styles of building. 

In the upper parts many of the blocks consist of houses 
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New York constructed precisely alike. Building lots are almost every- 
City, where of equal width. In the older streets the buildings 
are almost wholly of bricky which is now by far the chief 
building material in all sections ; though of late years the 
use of freestone, marble, granite, and iron, for the front of 
buildings, has become quite general 
Public edi- The City Hall occupies the centre of the park, in the 
fictis. lower part of the city. It is a very large and hand^me 
edifice, built, in combined Ionic and Corinthian orders, of 
white marble, except its north side, and surmounted by a 
cupola, which is crowned by a statue of Justice. It was 
constructed between the years 1803 and 1812, at a cost of 
L.l 12,232. It contains 28 apartments, used as the public 
offices of the mayor and other members of the city govern- 
mentit The principal apartment, called the Governor’s 
Room, contains a fine collection of portraits of men cele- 
brated in the civil, military, and naval history of the country. 
In the common council-room is the identical chair occupied 
by Washington when president of the first American Con- 
gress, which assembled in this city. In the rear of this 
edifice is another large building, occupied by the principal 
courts and some public offices ; and east of it is the Hall of 
Records, in which are preserved all the records and public 
documents of the city. 

The Merchants’ Exchange, occupying an entire block, 
is built of Quincy granite, and cost about L.3 75,000. Its 
front has a recessed portico with 18 columns, each of which 
is a solid block of granite, 38 feet high, feet in diameter, 
and weighing over 40 tons. Its central rotunda is elabo- 
rately constructed of white marble, and lighted by a very 
lofty dome, which is in part supported by 8' Corinthian 
columns of Italian marble, 41 feet high. 

The Custom-House (on the site of the old Federal Hall, 
where General Washington was inaugurated the first presi- 
dent) is built of white marble, in the Doric style, after the 
model of the Parthenon, with two grand porticos, each 
having 8 massive columns; its principal hall is circular, 
surmounted by a dome, supported by 16 Corinthian 
columns, 30 feet high, beautifully wrought with capitals of 
the most exquisite workmanship. Its construction occupied 
seven clears (1834-41) ; and its'cost, ground included, was 
L.248,900. 

The Post-Office is not noteworthy for its architecture, 
though it is so for its history. It was formerly the Middle 
Dutch Church, and was erected before the Revolution. 
Much of its interior wood-work and its steeple were brought 
from Holland during the Revolutionary war ; this church, 
in common with others used by the British, was much 
injured from- its occupation as a prison, hospital, &c.. In 
1790 it was repaired, and continued to be used for public 
worship until rented by the United States government for 
the general post-office of the city. 

The Hall of Justice, or city prison, is an extremely mas- 
sive granite building of Egyptian architecture, and occupies 
an entire block. Its gloomy aspect has obtained for it the 
general name of “ The Tombs.” Its front has a recessed 
portico, supported by 14. huge columns. ’ It is chiefly occu- 
pied as a prison, though in part by the criminal courts, and 
in part as a police station. 

The Crystal Palace was erected in 1853 for the World’s 
Fair, or “ Exhibition of the Industry of all Nations,” on 
Reservoir Square, 3 miles from the City Hall. Since the 
close of that exhibition it has been used only at intervals, 
and then for sundry fairs, exhibitions, and festive assem- 
blages. It has a somewhat octagonal form each main 
diameter is 365| feet long, and the area of its flooring is 
173,000 square feet. The dome is 100 feet in diameter, 
and 123 feet high. Excepting the floors, the building was 
constructed entirely of iron and glass, — requiring 1800 tons 
of iron, 55,000 square feet of glass, and 750,000 square feet 
of timber. 
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The State Arsenal, 4 J miles from the City Hall, is a large New York 
edifice, containing arms and munitions belonging to the ^ity. 
state. It was erected in 1848, and is in* the Gothic castel- 
lated style, presenting a massive and appropriate appearance. 

The City Armoury, or Down- Town Arsenal, is a hand- 
some structure in the Gothic style, two stories high, built 
of blue stone. It is constructed on the best plan for de- 
fence; as, for example, its windows are only 18 inches wide, 
so that in case of an attack it could be defended with suc- 
cess by fifty men. In January 1855 the citizen soldiery of 
the city (comprised in the First Division, New York State 
Militia, in four brigades) consisted of — infantry, 3906 ; 
cavalry, 1291 ; and artillery, 1589: total, 6786i 

The hotels of New York are generally very large, and Hotels, 
noted for their excellence; while a considerable number 
cost fully L.200,000, and are remarkable for their splendour. 

Upon Broadway alone there are about twenty-five, all 
elegant in their appointments, and severally accommodating 
firom 200 to 800 guests.. Prominent among these, as the 
oldest, and not surpassed in substantial excellence by any 
of the more recent establishments, is the Astor House, a 
rare example of popular favour, deservedly secured and long 
and surely retained It was erected by John Jacob Astor, 
at a cost of L.l 65,000, and opened in May 1836. The 
building is constructed of Quincy granite, in the most sub- 
stantial manner, and contains about 400 rooms.. The St 
Nicholas Hotel, opened in 1853, and subsequently much 
enlarged, now constitutes the most capacious and costly 
hotel in the world. It is built of white marble and free- 
stone, and is noted for the splendour of its apartments and 
its general magnificence. The Metropolitan Hotel, built of 
freestone, and a very imposing and attractive edifice, was 
opened in September 1852. Of similar character with 
these three are the Clarendon, Everett, Brevoort, St Ger- 
main, and Lafarge. To this list might be added others 
of nearly equal rank. The United States Hotel, built 
of marble, at a cost of L.72,000, containing about 250 
rooms, was the first of the mammoth hotels. Many other 
hotels are very large, elegant, and well appointed ; but 
their great number precludes particular mention. Hotel- 
keeping, as practised in New York by the best houses, is 
brought nearer perfection than in any other city in the 
world. 

Until the summer of 1852 the omnibuses of the city City con- 
afforded almost the only means of cheap and regular con- ^eyances 
veyance. Up to that time these were very extensively 
used by the people, as they yet are, except in certain tho- 
roughfares, where they have been superseded by the raili- 
roads. The city cars of the Harlem Railroad commenced 
running in June 1 833, and at the same rate of fare as the 
stages. In August 1852, notwithstanding the strenuous 
opposition of thousands against the establishment of rail- 
ro^s through- the leading avenues of the city, the Sixth 
Avenue and the Eightli Avenue lines commenced operation ; 
and in July 1853 the Second Avenue and the Third Avenue 
lines.. These channels of travel are now better patronized 
than the stages ever were, or ever would have been, had 
the roads not been formed. On each line the fare is 2^d., 
without regard to the length of the routes, which vary from 
2f (Fourth Avenue) to 5|- miles (Third Avenue). The cars 
(which are drawn by horses* or mules,^ and are about twice 
the length of an omnibus) run. day and night, at intervals 
varying from two to thirty minutes, according to the public 
requirements. Their successful operation has resulted in 
tlieir establishment in other cities. 

There are thirty lines of omnibuses, having in all about Omnibus 
600 in daily use. The routes of these lines vary in length lines and 
from three to five miles. The uniform fare is 3d. With backs, &c. 
these Broadway is often completely blocked from mom till 
midnight, all efforts to remove or supersede them, having 
proved ineffectual. The number of hacks- is not propor- 

2f 



NEW YORK. 


226 

New York tionate to the population of the city, owing mainly to the 
City, greater facilities afforded by the more popular conveyances, 
and somewhat to the extortionate demands of the hackmen, 
though their rates are duly prescribed by law. By census 
of 1855, 1741 persons were occupied as drivers; 5838 as 
carters and draymen ; 3052 as porters ; and 1004 as boat- 
men and watermen. 

Perries. Between New York and its immediate suburbs across 
the rivers, steam ferry-boats are constantly plying. On 
the principal ferries these are run throughout the night as 
well as the day. From the populous part of the city there 
are, across the East River, fourteen ferries, and across the 
Hudson four ; and from the upper part of the island there 
are others across each river. On the East River the fer- 
riage is (exceptingfor the longest routes) id. ; on the Hud- 
son 1 Jd. The number of passengers, vehicles, &c., crossing 
daily is very great. In the morning and towards night the 
boats are often crowded. To many places near the city 
steamboats are run, especially in summer, at very low rates 
of fare. 

Manufac- In its manufactures, as well as commerce, New York is 

turea, first ^jjty in America. In 1850 the number of hands 

employed in manufactures, mining, or the mechanical arts 
(establishments producing annually to the amount of 
L.104), was 80,302 ; capital invested L.6,126,6lo ; pro- 
duct annually L.1,882,958. The branches which are here 
most extensively prosecuted are those directly developed by 
the great trade and commerce. 

Building of Ship-building is carried to a high degree of perfection; 

vessels. and in speed, beauty of model, and internal convenience, 
the vessels built here are nowhere surpassed. 

Table showing the number of vessels of all hinds built in 
the district of New York^ with their aggregate measure'^ 
menty from 1843 to 1857, compiled from the Treasury 
Reports : — 


Fiscal 

Years. 

Ships & 
Sarques 

Bri|:s. 

Schoon- 

ers. 

Sloops 
and Canal 
Boats. 

Steam- 

hoats. 

Total 

Vessels. 

Total 

Tonnage. 

1843 

6 

2 

8 

102 

6 

122 

13,179 

1844 

11 

6 

16 

89 

14 

136 

18,026 

1845 

18 

2 

25 

130 

17 

192 

26,621 

1846 

11 

3 

37 

160 

23 

234 

29,466 

1847 

16 

2 

43 

117 

16 

193 

37,591 

1848 

26 

3 

59 

200 

19 

307 

67,977 

1849 

16 

7 

44 

146 

17 

228 

37,933 

1860 

26 

2 

42 

104 

28 

202 

65,625 

1851 

23 

1 

56 

81 

47 

208 

77,214 

1862 

24 

2 

46 

38 

43 

163 

69,054 

1853 

18 

5 

66 

97 

58 

244 

68,454 

1854 

40 

7 

63 

81 

49 

240 

93,496 

1855 

40 

6 

76 

219 

i 41 

381 

92,697 

1856 

24 

7 

35 

108 

! 17 

191 

1 49,317 

1867 

28 

5 

37 

73 

21 

164 

1 43,118 


The construction of splendid ocean steamers has, since 
1846, formed a distinguishing feature in the business of the 
New York ship-yards. Of these there have been launched 
about 120, all of which have fully satisfied, and in fact 
exceeded, the expectations of their builders ; while several 
have become celebrated throughout the world as superior to 
aR, of every other nation, previously afloat. So great, how- 
ever, has been the rivalry between American and British 
ship-builders, that, since 1850, the marine of each nation 
has been yearly increased with new steamers, constructed 
to surpass all their predecessors. This rivalry, still conti- 
nued, promises to furnish both of these countries, and others 
also, with a vast number of steamers, which will greatly 
proinote their respective interests, and aid in extending 
civilization over the globe. 

Tonnage in The increase in the amount of the tonnage employed in 
steam • steam navigation since 1848, and owned in the district, is 
navigation, exhibited in the following table 


N"ew York 
City. 


The following statement from the annual reports of theTotalton- 
Secretary of the United States Treasury exhibits the regis- wage of the 
tered, the enrolled and licensed, and the total tonnage be- district, 
longing to the district of New York, in each decennial year 
from 1825: — 


Years. 

Eogistered. 

Enrolled St Licensed. 

Total. 1 


Tons. 

d5th8. 

Tons. 

SStbs. 

Tons. 

OOths. 

1825 

156,728 

14 

147,766 

8 

304,484 

22 

1836 

191,626 

43 

185,071 

29 

376,697 

72 

1845 

248,717 

... 

301,642 

48 

560,359 

48 

1865 

737,509 

37 

660,725 

29 

1,288,234 

66 

1857 

802,356 

10 

675,068 

61 

1,377,424 

61 


Nearly all of the enrolled and licensed tonnage is cm- Coasting 
ployed in the coasting trade ; but there are no complete 
official accounts of this trade. The law exonerates vessels 
engaged in it from entering or clearing at the custom- 
house, unless they have foreign goods or distilled spirits on 
board ; and comparatively few vessels which arrive from a 
domestic port come within this exception. The record of 
clearances coastwise (as many such vessels take foreign 
goods or spirits) exceeds the ntimber entered; but even this 
list is far from including all which are engaged in this trade. 

The following summary, derived from the custom-house 
records, is for the calendar years mentioned : — 


Years. 

Entered Coastwise. 

Cleared Coastwise. | 

Vessels. 

Tons. 

Vessels. 

* Tons. 

1849 

1855 

424,976 

3994 

8t6,589 

185 Z 

1768 

455,542 

4803 

1,214,942 

1853 

1733 

507,531 

4789 

1,310,697 

1855 

1966 

614,045 

4563 

1,378,889 

1856 

1669 

639,461 

4696 

1,482,310 


Years. 

Registered. 

Enrolled & Licensed. 

Total. 


Tons. 

95ths. 

Tons. 

95ths. 

Tons. 

95th8. 

1848 

6,523 

73 

57,705 

41 

64,229 

19 

1849 

10,642 

76 

61,175 

92 

71,818 

73 

1850 

36,148 

47 

58,967 

9 

85,115 

56 

1851 

52;392 

68 

69,148 

89 

121,541 

62 

1852 

63,860 

33 

77,063 

84 

140,924 

22 

1853 

76,851 

78 

88,311 

53 

165,163 

36 

1854 

82,607 

73 j 

101,487 

41 

184,095 

19 

1855 

89,105 

9 I 

107,692 

88 

196,798 

2 

1856 

68,777 

26 

107,820 

67 

176,597 

93 

1857 

69,051 

67 1 

111,526 

89 

180,678 

, 61 


The coastwise trade is carried on entirely by American 
vessels, built and owned within the United States, as foreign 
vessels are by law prohibited from engaging in it. 

In addition to the foregoing, we give the following state- Coastwise 
ment of coastwise arrivals for three years, collected from ^rivals, 
the returns of Mr James Thorne, boarding-officer, United 
States revenue department, Whitehall : — 


Years, 

Steamers. 

Ships. 

Barques 

Brigs. 

Schooners. 

Total. 

1855 

460 

220 

208 

422 

4992 

6302 

1856 

523 

150 

177 

371 

4888 

6109 

1867 

621 

117 

129 

304 

5026 

6097 


Note. — Ixi the above no sloops are included. These, if added 
to the many schooners from Virginia and Philadelphia, with wood 
and coal, which, though consigned here, discharge their cargoes at 
Brooklyn, Williamsburg, Jersey city, and the adjacent towns on 
the Hudson, and are not boarded owing to the remoteness of these 
points for general business, would make the number much greater. 
The officer estimates the schooners that arrive at the above places 
and are not reported, at eight per day ; which he thinks is an esti- 
mate rather under than over the actual number. This would give 
for each year 2920 additional schooners to be added to the coast- 
ing trade, making the whole number of coastwise arrivals in *1855, 
9222 ; in 1856, 9029; and in 1857, 9017. In the above statement 
the steamers arriving from New Orleans, via Havana, are included. 

The trade of the city with the interior of the Union 
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Kew York vastly exceeds its foreign commerce; but of this there are 
City, no full reports. ’ The available data consist of the accounts 
of the articles brought to tide-water by the Erie Canal, and 
Trade with the statistics of freight-trafBc on the railroads which centre 
the inte- in the city. ' Of the latter the most important is the Erie 

*’i'^*’* Railroad, which bears a relation to the entire southern por- 

tion of the state, and northern portion of Pennsylvania, 
very similar to that sustained by the Erie Canal to the 
northern part of the state. The eleven railroads leading 
from the city have a,n immense and ever-^increasing traffic ; 
and they directly connect the metropolis with every im- 
portant section of the country. The receipts of the city 
from the Erie Canal are approximately known, because the 
greater part of the receipts at tide-water at Hudson, near 
Albany, from the same source, are directly sent to New 
York. The following statement shows the aggregate ton- 
nage and value of the property which came to the Hudson 
River, on all the canals, during the year 1856 : — 


Tonnage. Value* 


Product of th.e Forests ......... 858,771 

Agriculture 1,0^3,417 

Han ufactures 50,454 

Mercliandise 14,073 

Other articles 176,754 


L.2,176,431 

10,379,644 

934,199 

1,103,685 

882,365 


Total 2,123,469 L.15, 476,324 


Of the total tonnage, the amount from Western States 
and Canada, arriving by way of the Erie Canal, was 
1,212,550. The amount of the produce of the state of 
New York, arriving by all the canals, was 374,580 tons. 
Number of barrels of flour by all the canals, 1,130,509; 
bushels of wheat, do,, 11,776,332 (or 2,355,266 iDarrels of 
flour; total, 3,485,775 barrels wheat flour) ; bushels of corn, 
do., 9,587,714. 

The property which went up the canals in 1 855 was in 
tons 638,597, and in value L.23,63.4,234 ; the same in 1856 
was in tons 650,943, and in value L.27,944,001. * Aggre- 
gate of property brought and taken in 1855, L,393667>732 ; 
in 1856, L.43,420,32.5. 

Foreign In surveying the business of New York, and comparing 

commerce, it with •that of other American cities, it is at once seen that 
the point in which it is relatively greatest is its foreign 
commerce. From this source, more than any other, New 
York derives its general pre-eminence. Compared with 
the other great seaports of the world, the ocean commerce 
of New York is more extensive than any, excepting perhapa 
London and Liverpool. For this brainch of industry the 
city naturally possesses* uncommon advantages ; but its re- 
markable prosperity has been owing mainly to the enterprise 
of its merchants. The following table is a summary view 
of the percentage of New York in the entire foreign com- 
merce of the United States, at intervals of five years from 
1825 


Fiscal 

Years. 

Tonnage 

entered. 

Tonnage 

cleared. 

Value of 
Exports. 

Valuer of 
Imports. 

Duties 

collected. 

1825 

26-21 

21*65, 

44-80 

51-92 

78-37 

1830 

27'78 

24-19 

23-93 

54-54 

68-48 

1835 

23-35 

13-12 

23*86 

59*58 

74-61 

1340 

23-41 

17-38 

22-85 

53-05 

55-84 

1845 

19-66 

16*22 

29-83 

58-78 

64-18 

1850 

26-33 

22-52 

25-4,4 

57*96 

61-73 

1855 

29-20 

23*40 

36-48 

59-09 

61-58 

1857 

28-38 

24-82 

34-27 

61-67 



Tonnage The next two tabular statements, derived from the 
“ United States Treasury Report on Commerce and Na- 
vigation,” exhibit the number of .vessels and amount of 
York, tonnage entered into and cleared from the district of New 
York for foreign ports, in each fifth year from 1826. The 
yeai's end with September to 1840, thence with June: — 


Vessels and Tonnage entered into District of New Y<yrh 


Fiscal 

American 

Foreign 

Total 1 

Years. 

Vessels. 

Tonnage. 

Vessels, 

Tonnage. 

Vessels. 

Tonnage. 

1826 

• •• 

248,176 


26,285 


274,461 

1830 

... 

273,790 

• • 

31,391 

• . • 

305,181 

1835 

1,628 

374,602 

480 

91,063 

2,008 

465,665 

1840 

1,443 

417,443 

612 

128,488 

1,955 

645,931 

1845 

1,450 

439,676 

558 

139,542 

2,008 

679,218 

1850 

1,882 

734,431 

1,281 

410,900 

3,163 

1,145,331 

1855 

2,588 

1,377,738 

1,185 

358,169 

3,773 

1,735,907 

1857 

3,014 

1,584,764 

1,054 1 

460,886 

4,068 

2,035,649 


The number of arrivals/rom foreign ports entered at the 
custom-house is always greater than the official record of 
clearances, because many vessels entering from abroad 
clear for a coastwise port. 


Ifew York 
City. 


Vessels and Tonnage cleared from District of New York, 


Fiscal 

American 

Foreign 

Total ] 

Years 

Vessels. 

Tonnage. 

Vessels. 

Tonnage. 

Vessels. 

Tonnage. 

1826 

1830 

1835 

1840 

1845 

,1860 

1855 

1857 

1,226 

1,067 

1,127 

1,379 

1,941 

2,307 

208,202 

210,535 

289,268 

283,149 

341,094 

596,812 

1,091,244 

1,310,876 

’*433 

603 

661 

1,?30 

1,169 

1,047 

19,665 

32,620 

77,121 

125,619 

142,431 

385.666 
354,510 

445.666 

1.669 

1.670 
1,688 
2,609 
3,110 
3,354 

227,857 

243,166 

866,389 

408,768 

483,625 

882,478 

1,446,754 

1,756,441 


The next tabular statement exhibits the value of im- Imports, 
ports, the duties collected thereon, and the value of ex- duties, and 
ports in each fifth fiscal year from 1820. The years 
end with September 30th to 1 840, and thereafter with 
June 30th : — 


Fiscal 

Years. 

Value of Imports. 

Duties 

collected. 

Value of 
Exports. 

1820 

1825 

1830 

1835 

1840 

1845 

1850. 

1855 

1856 
1867 

JL 

10,419,783 

8,063,342 

18,278,0,89 

12,515,526 

14,661,955 

24,306,736 

32,188,648 

41,314,728 

47,121,696 

L. 

1,143,325 

3,281,684 

3,127,613 

2,416,136 

1,493,323 

3,694,852 

6,198,632 

6,803,926 

8,880,935 

8,808,689 

L. 

2,461,978 
7,089,824 
3,680,542 
6,135,661 
6,761,805 
6,990,573 
9,912,571 
20,912,898 
22,042,927 : 

26,376,387 


The returns previous to 1852 are from a United States. 
Treasury document, and those of subsequent years are from 
the statements published in Hunt’s Merchant^ Magazine, imports 
The latter also presents the following classification of im- classified, 
ports and exports :: — 

Foreign Imports. 18S6. 1857. 


Entered for consumption L.31,268,354 

Entered for warehousing 6,160,078 

Free goods... 3,631,686 

Specie and hullbn 234,600 


E.29,484,603 

12,974,093 

3,340,940 

1,342,050 


Total entered at the port.... L.41,294,718 L.47, 121,686 

Withdrawn from warehouse... 4,569,606 5,822,957 

The imports in 1857, at New York, were even greater 
than the total imports into the whole United States in any 
fiscal year previous to 1853., Prior to 1855 about one-half 
of the imports at this port were dry goods, but since that 
date the enormous increase has been chiefly in general 
merchandise ; — 


Xears. 

Dry Goods. 

General 

MercLandise. 

Total Imports. 

1854 
’ 1865 
■ 1866 
1857 

L. 

19,247,841 

13,108,005 

17,895,565 

19,312,304 

L. 

20,659,344 

19,080,638 

23,399,168 

27,809,387 

L. 

39,807,186 

32,188,643 

41,294,723 

47,121,691 
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New Tork 
City, 



Rxjyorts 

classified, 

&c. 


Moneyed 

institu- 

tions. 


NEW YORK. 


Description of Dry 

Articles. 

Manufactures of wool... 
Manufactures of cotton.. 

Manufactures of silk 

Manufactures of flax 

Miscellaneous dry goods. 


Goods Imported for Two Tears, 

185& 1S57. 


„ ... Ij.6,178,249 1.5,488,085 

..." 3,173,270 4,082,083 

.... 6,242,410 6,186,393 

.... 1,796,205 1,893,034 

1,666,399 1,657.523 


Totdl dry goods Ii.17,896,533 L.19,306,118 

Which were disposed of as follows : 

Entered for consumption Ij.16,243,806 L.15,690,337 

Entered for^ warehousing 1,661,727 3,716,781 


Under the inducement to await the operation of the new 
tariff, which provided for an imi:/6rtant reduction in duties 
on 1st July 1857, the stock in bonded warehouses had on 
that day accumulated to the amount of L.7,695,466, against 
the corresponding value of L.2,928,627 one year previous. 

The exports to foreign ports during the fiscal year 1857 
were larger, both in specie and produce, than during any 
previous year. Classification for two fiscal years : — 


Articles. 1856. 

Domestic produce Ij.16,630,464 

Foreign merchandise, free 264,354 

'Foreign merchandise, dutiable, 769,079 

Specie and bulliou 6,379,018 


1857. 

L.16,818,526 

499.350 

819,239 

9,239,260 


Total exports.. Ij.22,042,915 Ij.26,376,375 

Total, exclusive of specie. 16,663,897 17,137,115 

For a series of years the city of New York has proved 
to be the regulator of the policy adopted in financial affairs 
throughout the Union, and may now be considered as its 
financial centre. This has naturally resulted from its 
being the leading channel of imports and exports? and 
thus it has become the pivot upon which almost the whole 
business of the country has turned. Since 1849 this has 
especially been the case, by the constant influx of vast 
amounts of gold from California ; which, being brought 
first of all into the city of New York, has materially aided 
in augmenting the number and capital of all classes of its 
moneyed institutions. Meanwhile, other causes have been 
producing a gradual and powerful concentration of capital 
at New York from all parts of the Union. During the 
same period the banks and private bankers of every state 
have increasingly made this city the depository of their 
surplus funds, and more particularly since the practice of 
allowing from 4 to 6 per cent, interest has prevailed. 
Hence, of late years, exchange on New York has been 
considered as equivalent to cash funds on hand by all en- 
gaged in the banking business. New York has for many 
years been a creditor of the whole Union. Thereby it 
has obtained a vast credit, and, consequently, the con- 
trol of immense capital, belonging, in small and large 
sums, to remote parties. This rapid accumulation of capi- 
tal has not only aided to build up New York, but it has 
at length been regarded as belonging permanently to the 
interests of the city. From 1849 to 1857 the imports of 
New York increased 133 per cent.; the bank capital 160 
percent.; the average bank loans 125 per cent. ; and the 
average bank deposits about 225 per cent. 

In 1830 the capital of the banks in the city was 
L.3,183,330; on 1st February 1834 (twenty-one banks) 
L.3,929,472 ; and on 1st January 1837 (twenty-four banks) 
L,4, 346,080. The general banking law was passed by the 
legislature 18th April 1838. In 1 845 the number of banks 
was twenty-four, and their capital L.4,809,184 ; and there 
was no increase until 1849. In that year the capital was 
raised to L.5,095,390; at the close of 1850 it was 
L.5,634,645; in July 1852 (forty banks), L.7,465,610; 
in January 1854 (fifty-seven banks), L.9,92S,622 ; in 
July 1856, L.l 1,077, 146 ; and in July 1857 (fifly-six 
banb), L.r3,453,352. 

Without presenting an account of the progress of the 


banks during a series of prosperous years, and their usual New York 
operations in such years, we shall briefly sketch the City, 
features of their condition through the year 1857, which 
opened favourably with a very buoyant stock market. The banks 
Throughout January money was in good demand, and a iu 1857. 
moderate stringency existed. In February the rates gra- 
dually declined, and stock securities were pretty well 
sustained. In March there was more active movement, 
with an advance in prices. In April money was abundant, 
and the banks gradually increased their discount lines upon 
an increasing specie basis and a larger deposit account ; and 
on the 11th of the month their loans were L.24,036,395, 
being a higher point than ever before known. The highest 
point in 1856 was 2d August, L.23, 38 1,488 ; and the 
highest in 1855 was on 1st September, L.20,924,365. 

Through May the money market was easy, stocks were 
buoyant, and the banks maintained a very uniform move- 
ment in the discount and specie departments. On 6th 
June the loans and discounts were L.24, 028,868, and for 
four weeks remained above L.24, 000, 000, and at about 
the same amount ; but in that time the specie decreased 
from L.2,736,395 to L.2,271,058, owing to the active ship- 
ments. From 3d July the loans increased daily until 
8th August (the highest point of the expansion), when they 
amounted to L.2o,432,756, being an increase of L.l ,454,796 
in five weeks^ or at an average of L.48,489 each bushms 
day. With this expansion in discounts there was a steady 
decrease in the specie reserve. During the last of the 
five weeks just mentioned the loans and discounts in- 
creased L.308,373, while the specie decreased L.245,965. 

Thus, on the 8th August, the, loans and other chief items 
of the accounts of all the banks in the city were, in com- 
parison with their condition on 3d January, as follows : — 


Date. 

Loans. 

Specie. 

Circulation. 

Deposits. 

Aug.S 

Jan. 3 

L. 

26,432,766 

22,739,402 

L. 

2,446,281 

2,327,547 

L. 

1,871,192 

1,792,104 

L. 

19,674,249 

19,987,967 

Increase... 
Decrease in 

2,693,354 

L dotioftitfi 

117,734 

79,088 

293,708 

^ 1 


Apprehensions of coming troubles were immediately ex- 
cited in the minds of many financiers. Thenceforward 
the banks rapidly contracted their loans ; at the same time 
their specie reserve ran down, and the money market daily 
became more stringent. The remarkable extent of this 
contraction is readily apparent from the following tables : — 


Increase of the Currency^ in Nineteen Weeks^ 


Date. 

Loans. 

Specie, 

Circulation- 

Deposits. 

Aug. 8 

Mar. 28 

L. 

25,432,766 

23,617,602 

L, 

2,446,281 

2,359,623 

L, 

1,871,192 

1,765,378 

lu 

19,674,249 

19,294,696 

Increase .... 

1,916,264 

85,758 

106,814 

379,6(58 


Decrease of the Currency^ 4^., in Four Weeks. 


Date. 

Loans. 

Specie. 

Circulation. 

Deposits. 

Aug. 8 

Sept. 6 

L. 

25,432,766 

23,379,447 

L. 

2,446,281 

2,131,239 

L. 

1,871,192 

1,806,910 

L. 

19,674,249 

16,560,687 

Decrease... 

2,053,309 

314,042 

64,282 

3,113,562 


Tlie foregoing statements show that the contraction in 
four weeks after 8th August, was much greater than the 
expansion in nineteen weeks before that date. 

The next table shows, on comparison with the first table, 
that the contraction in six weeks after 8th August was also 
much greater than the expansion during the thirty-one 
weeks before that date ; vi*., from 3d January : — 




NEW 

New Tork Decrease of the Currency^ in Six Weeks, 


Date. 

Loans. 

Specie. 

Circnlation. 

Deposits. 

Aug. 8 

Sept. 19.... 

L. 

25,432,756 

22,661,960 

L. 

2,445,281 

2,824,200 

L. 

1,871,192 

1,682,039 

i. 

19,674,249 

15,786.991 

Decrease ... 
Increase in 

- 2,770,796 
specie reserve 

378,919 

189,153 

3,888,268 



On 26th September the banks in Philadelphia and Bal- 
timore suspended specie payments ; but the banks in New 
York city, and in part of New England, published that 
they were able to maintain themselves as specie-paying in- 
stitutions. This announcement inspired hope ; but the 
banks, instead of giving to their customers the expected 
(and in fact promised accommodation), continued to diminish 
their loans. The financial panic waxed more intense, sur- 
passing description. Commencing in August, business of 
almost every kind was gradually brought to a stand. In 
almost every place the operations of manufactories, and 
shops and stores, were reduced ; and thousands of opera- 
tives and employes were discharged. Through Septem- 
ber the gloom deepened every day. Men were everywhere 
calling for aid, and in vain. Property seemed to have no 
fixed or certain value. In the fore part of October the 
number of mercantile suspensions and failures augmented 
rapidly over the corresponding daily announcements in Sep- 
tember. The paper of many of the most prominent and 
reputable mercantile firms, of several of the largest private 
banking-houses, and of some great railroad corporations, was 
protested. The suspension of a few of the banks in the city, 
and of a score of those in the interior of the state, and per- 
haps a hundred in other states, aided in bringing about 
the general suspension by inducing a general run upon all 
other banks. On Tuesday, 13th October^ nineteen banks 
ceased to pay specie- to bill-holders and depositors; but to 
the latter either paid notes or closed their doors entirely. 
In the evening of that day all other banks resolved to 
suspend on the ensuing day. This course was imme- 
diately followed throughout the Union; 

It is generally considered that the panic which brought 
on the crisis was owing chiefly, if not wholly, to the impru- 
dent course of the banks in expanding their discounts, 
and then too suddenly contracting them. The actual 
suspension of the banks was owing to the disgust and in- 
dignation of the mercantile classes, who, having been 
injured by the banks, retaliated by using their own power* 
On this point, the London Times of 26th October re- 
marked that — “ The entire suspension of specie payments 
by the New York and Boston banks, reported this morn- 
ing by the American mail, is the most satisfactory an- 
nouncement that could have been looked for. Had the 
step been taken a fortnight earlier, an immense amount 
of ruin might have been averted. The banks, after having, 
by their mismanagement, brought about the state of affairs 
which rendered the panic possible, sought to save them- 
selves by the sacrifice of the whole mercantile community ; 
but the public, at last, took the matter in their own 
hands, and forced them to a stoppage, which placed them 
in the same condition with their victims, and thus termi- 
nated the struggle.” The Times regarded the matter in 
its true bearing, attributing the blame to the proper parties. 

The returns for the week of suspension, ending 17th 
October, being ten weeks from 8th August, are thus com- 
pared with the returns of that date : — 


Date. 

Loans. 

Specie. 

Circulation. 

Deposits. 

Aug. 8 

Oct. 17 

L. 

25,432,756 

20,259,543 

L. 

2,445,281 

1,634,003 

L. 

1,871,192 : 
1,684,881 

L. 

19,674,249 

11,019,709 

Decrease... 

6,173,213 

811,278 

186,311 

8,654,540 
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showing several still greater changes in each item, and par- JSTew Tork 
ticularly in the decrease of specie and deposits, these having ^i*7’ 
been withdrawn by bill-holders and deposit6rs. 

After suspension the banks rapidly augmented their 
specie to a sum several millions above any previous total, 
gaining from l7th October (when L.1,634,003) to 12th 
December (when L.5, 428,928) the sum of L.3, 794,925. But 
no ease in the money market was realized amongst business 
men for seven or eight weeks, and there was no important 
change in financial affairs until 11th December. On that 
day the specie in the banks had accumulated to L.5,415,000, 
and it was then resolved to resume specie payments on 
the next day. In the first week after resumption the 
specie increased nearly L.415,000, swelling the amount to 
L.5, 824,855, in the face of a very active shipment to 
foreign ports. At the close of the year the banks of Phi- 
ladelphia, Baltimore, &c., had not resumed. 

Although it is reasonable to suppose that another revul- 
sion may occur in an interval of twenty years, it is pro- 
bable that this of 1857 will produce at least three benefi- 
cial results throughout most of the states, viz., — The 
abolition of small bank notes (under L.l or L.2); the 
establishment of a specie basis of not less than 1 to 3 (or 4) 
of circulation ; and the requirement of ample securities for 
bill-holders and depositors. 

On 1st January 1857 there were sixteen savings-banks Savings- 
in the city, which had on deposit L.6, 760,879. Number l>anks. 
of depositors’ accounts, L.15 1,559. During 1856 there were 
193,317 deposits, amounting to L.3, 053,992 ; and 139,422 
withdrawals, amounting to L.2, 412, 978. Interest received 
on stocks and securities, L.1,855,110. Interest received 
on bonds and mortgages, L.l 81, 854. Interest allowed to 
depositors, L.286,973. 

The daily newspapers, with many of the weeklies and The press.* 
other periodicals, are remarkable for their intrinsic merits, 
size, cheapness, and immense circulation. Each of the 
leading newspaper establishments employs a very large 
amount of capita,!, and is furnished with the best presses 
and other equipnients known among printers. The earliest 
newspaper in New York was commenced on 16th October 
1725, and printed weekly. Before the Revolution about 
90 others had been in existence. In 1775 there were 4 
newspapers. In 1832, 64 newspapers and periodicals. Ac- 
cording to the census of 1855, there were in that year 145 
newspapers and 78 other periodicals, published as follows;— 

Daily, 19; tri-weekly, 1 ; semi-weekly, 8; weekly, 87; semi- 
monthly 10; monthly, 87; quarterly, 13; semi-annually, 2; 
annually, 3. Four of the daily papers are reputed to have 
each a circulation above 30,000 (their proprietors not un- 
frequently claim much more) ; and several of the weeklies 
circulate to regular subscribers each from 40,000 to 50,000 
copies. One weekly, devoted to news and politics, has 
175,000 of a regular circulation, almost wholly to sub- 
scribers; while another, devoted to tales and “light read- 
ing,” is believed to have above 300,000. One of the 
popular monthly magazines has 170,000, and a religious 
monthly newspaper above 200,000. 

The public and private provisions for the general educa- Education, 
tion of children, youth, and adults, are upon a liberal scale. 

It is believed that less attention is given to education by 
the illiterate and poor classes than in most large cities of 
the Union ; but these are chiefly of foreign birth, and feel 
compelled to make use of their children to gain a livelihood. 

By the census returns it appears that the greater num- 
ber of the adults unable to read and write are of foreign 
births 

The number of public schools under the jurisdiction of Public 
the Board of Education, in the year 1855, was 271, viz., — schools. 
Grammar, for boys, 47 ; grammar, for girls, 48 ; primary, 

101 ; coloured, 14 ; corporate and asylum, 28 ; evening, 

29 ; normal, 3 ; and the Free Academy, The whole num- 
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New Yorkber of teachers employed in the several schools was 1067, 
consisting of 187 males, and 880 females. The amount 
expended for purposes of education during the year was 
L.19l,217; of which the sum of L.27,649 was received 
from the state funds, and L. 163,568 raised by tax on pro- 
perty in the city* In the grammar and primary schools 
(238) the whole number taught in 1855 was 137,874 ; the 
annual average attendance was 47,858 ; and the cost (total 
L.l 12,507) per pupil was, on the whole number taught, 
15s. 5d.; on average annual attendance, L.2, 4s. 5d. The 
evening schools, for adults, Sfc., were attended by 12,762 
persons, and their support cost L.6796. The normal 
schools, with 782 pupils, cost L.1256 for support. The 
Free Academy, established in 1848, crowns the system of 
public school education. In 1855 it had 696 pupils, and 
its support cost L.7714. Its spacious edifice is built in tlie 
Gothic style, after the manner of the town-halls of the 
Netherlands, and cost, with site and fitting up, L.22,811, 
It has 23 teachers, a library of 5000 volumes, besides 
10,000 text-books, &c., excellent apparatus, laboratory, and 
cabinets* 

Academies. Select schools and academies, conducted b 3 " individual 
and associated enterprise, are proportionately numerous* 
Some of the sem^inaries for young woman are of very high 
reputation, and have each several hundred pupils. 

Colleges. Columbia College was founded in 1 754 by royal charter 
as King^s College, and received, its present name in 1784. 
Ils trustees and officers are of the Protestant Episcopal 
Church. It is richly endowed, possesses a valuable library, 
and has usually about 120 students in its collegiate de- 
partment. It occupied its ancient position near the city- 
hall, in beautiful open grounds, shaded by venerable trees, 
until 1857, when it was removed to the upper part of the 
city, and its former site is now covered with warehouses. 
The university of the city of New York was founded in 
1831, and is non-sectarian. Its edifice, fronting Washing- 
ton Square, is one of the finest structures in the city, and 
the most costly collegiate building in the country. It is 
constructed of marble, in English Gothic architecture; and 
its central part, used as the principal chapel, is an irnira- 
tion of the celebrated King’s College chapel, Cambridge, 
England. There are three flourishing medical colleges, 
and several minor medical institutes. The College of 
Physicians and Surgeons was founded in 1807 ; medical de- 
partment of the university in 1837 ; and New York me- 
dical college in 1851 ; each of which has an excellent 
edifice, and is well furnished with a library and cabinet. 
There are two theological seminaries, — the Episcopal, 
founded in 1817, and richly endowed; and the Union 
(Presbyterian), founded in 1836,— each possessing a large 
and very valuable library, 

tnstitu- The Cooper Institute, or the “Union,” devoted to 

tions and science and art, is an important establishment, founded by 

libraries. >1^ Peter Copper, at a cost of L.62,500, for the educational 
advancement of the youth and people of the city. Its 
handsome edifice, of fi;eestone, six storeys high, and cover- 
ing 20,000 S(juare feet of ground, is unusually substantial, 
and fireproof, * 3. he American Institute, incorporated in 
1829, for the encouragement of commerce, agriculture, and 
manufactures, has a building, containing a library of 8000 
volumes and repository for models, in which weekly meetings 
are held for scientific objects ; but this organization is espe- 
cially noted for its annual exhibitions of national industry. 
The Mechanics’ Institute has 5,000 volumes, a good collecdon 
of philosophical and chemical apparatus, and regular courses 
of lectures* The Historical Society, founded in 1804!,* pos- 
sesses an extremely valuable library of 25,000 volumes, and 
int^esting collections, safely deposited in its fireproof edifice. 
U has published nutnerax:is volumes on American history. 
Ihe Geographical and Statistical Society, founded in 1851, 
holds frequent meetings, and has about 3000 volumes. The 
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total number of volumes in the public libraries and institu- New Yoi 
tions in 1855 was 336,290; of which, in the Astor Library, City. 
80,000 ; Mercantile, 47,000 ; Society, 40,000, &c. The 
Astor Library was founded by John Jacob Astor, by his be- 
quest of L.83,000, which directed that L.l 5,600 should be 
expended for a building* L.25,000 in a first outlay for books, 
and the residue, or over L.42,000, invested as a fund for tlie 
maintenance and increase of the library. The Mercantile 
Library Association, formed in 1 820 for merchants’ clerks 
and others, is one of the most useful organizations in the 
city, has 5100 regular members, and an annual revenue of 
over L.2000. Since 1854 it has occupied tlie building 
formerly known as the Astor Place Opera House. 

The National Academy of Design, the chief art institu- I’ine-ari;, 
tion of America, was founded in 1826, since which time it societies, 
has steadily advanced in influence and usefulness. It galleries, 
numbers among its acatlemicans and associates nearly all 
the eminent artists of the city and vicinity* It supports 
free schools for the stinly of the anfupie and living models ; 
possesses an extensive and valuable art library; makes 
annual exhibitions of original works by American and foreign 
painters and sculptors, &c. The New York Gallery of 
the Fine Arts is a permanent collection of American art, 
commenced a few years ago, containing many valuable 
works, but not yet actcessible to tlie public, tlirough want 
of a suitable and permanent gallery. Tlte I)u<seldorf 
Gallery is an admirable exhibition of the works of German 
painters, chiefly of the Dusseldorf scliool, in the building 
erected and formerly occupied by the late American Art 
Union. The Bryan Gallery of Christian Art is an extremely 
interesting and valual>le collection of the works of the old 
masters. Several shops in Ikoadway, for the sale of oil- 
paintings, engravirjgs, picture-franus, artists’ materials, &c., 
keep up a rich display of works of art. 

Theatres and other places of amusement are compara- Places, of 
tively numerous and well patrtmized. Some of them are 
very large and elegant esuihlishments* I'he building 
the Academy of Music (or new opera hoU’^eh completed in 
October I8^>4, has 4f>CX) seats; it cost L.57,0()i), audits 
site L.l 2, 560, — total, L.t>9,5iK). Among otlter permanent 
amusements are severid of Kthiojiian minstrels; 

and the changing attractitms inclutle an endless number 
of })anorainic exhibitions, coticerts, balls, 

The benevolent or charitable institutions of a public Private 
nature, founded and sustained i)y spt^cial a*^8ociations, are 
highly credital>le to the citizens. These are *it 4 merous, 
and some of them very extensive. The list embraces 9 ingutu. 
hospitals, 3 infirmaries, (> diqjc-n^^aries 7 homes for thetlonE. 
relief of cerhiin unfortunate classes, 4 homes for the aged 
and indigent, 2 houses of induj»try, l>e^it^es tlie missionary 
establishments, and very many aid societies. In the upper 
part of the city are the institutioas for the blind, deaf-and- 
dumb, and insane, each having spacious buildings, with 
beautiful grounds. There are extensive institutions for sea- 
men on Staten Island, 6 miles from the Battery. 

Most of the public institutions maintained by the city PaWic 
government are situated on the islands in the East River, charities. 
The almshouse and its hospital^ lunatic asylum, workhouse, 
and city penitentiary, are on Blackwell’s Island- The 
Nursery and various establishments for children, and the 
house of refuge, are on Randall’s Island. \Vard’s Island is 
occupied with the hospitals, &c., under the charge of the 
Commissioners of Emigration. 

New York contains many of the central offices 
publication establishments of those great religious J^eiedeT 

and denominations which embrace in their labours tlte whole 
country. Some of their printing-offices are among the 
largest in the city,— as those of the American Bible So- 
ciety; American Tract Society; Methodist Book Concern; 

&c. In 1852 the Bible Society erected, at a cost of about 
L.62,5(X), a new building, six storeys high, and comprising 
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New York an entire block; part of it being occupied by offices of other 
City, societies. 

Synopsis of the census returns on churches : — Number 
Churches, of churches in 1850, 214; in 1855, 252; aggregate 
accommodation in 1850, 219,098; in 1855, 234,730; 
value of church property in 1850, L.l, 895, 559 ; in 1855, 
L.2,519,319, consisting of L.2,270,916 as value of churches 
and lots, and L.248,403 as value of other real estate. 
Twenty-seven sects were mentioned in returns of 1855, 
from which are taken the following statistics of the chief 
denominations : — 


Religions Uenominatioiis, 

Chard 

No. 

Edifices. 

Value. 

Usual At- 
tendance. 

Churcli 

Members. 

Baptist 

26 

L. 

131,622 

12,140 

7,116 

Congregational 

9 

60,935 

4,175 

905 

Jews 

10 

36,894 

3,825 

1,953 

Methodist Episcopal 

33 

121,414 

15,090 

8,878 

Methodist African 

6 1 

25,000 

3,005 

1,668 

Presbyterian (Old & Ifew ) 

• School). 1 

Presbyterian, Associate 

33 

324,810 

' 17,675 

10,643 

6 

78,748 

3,700 

1,708 

Protestant Episcopal 

43 

700,844 

21,850 

9,006 

Reformed Protes. Dutch.... 

22 

191,456 

13,100 

5,117 

Roman Catholic 

24 

335,415 

100,500 

78,488 


The most costly and conspicuous ecclesiastical edifices 
are those of the Protestant Episcopal denomination. Of 
these Trinity Church, built entirely of freestone, including 
the tower and spire, 264 feet high, cost L.83,000, and is the 
noblest building of Gothic architecture in America ; and 
Grace Church, a very elaborate structure of white marble, 
cost L.42,000. 

Croton * 1 ’^® Croton Aqueduct is the greatest and most import- 

Aqueduct. ant public work, and is not only superior in grandeur and 
costliness to anything of the kind on the globe in modern 
times, but to any work ever executed by a comparatively 
small community. In April 1 835 the plan for its construction 
was ratified by the electors by a vote of 17,330 for, to 5963 
against it. In July ensuing the surveys were commenced ; 
in the spring of 1837 the work was fairly begun ; and on the 
14th October 1842 its completion was celebrated. Its cost 
to 1843 was L.2,386,158. The pond, now called Croton 
Lake, formed by the dam of Croton River, is 5 miles in 
length ; the aqueduct from this dam to the distributing re- 
servoir is 40^ miles ; and the large mains from this reser- 
voir, through the central part of the city to the Battery, 
add 4 miles, making the total length of the main conduit 
50 miles. The aqueduct, built of stone, brick, and ce- 
ment, has form and dimensions as follows : — The bottom 
is an inverted arch ; the chord or span line is 6 feet 9 inches, 
and the versed sine 9 inches ; the greatest interior width 
is 7 feet 5 inches; and the greatest depth 8 feet 5^ 
inches. For the first 5 miles the side walls have an 
extra height. It crosses Harlem River on a magnificent 
bridge, 1450 feet long, constructed of welLdressed granite, 
with 15 arches, the under side of which is 100 feet above 
high tide, completed in 1849, at a cost of L.200,710. Its 
general declivity per mile is, in its upper part, 13J inches, 
and in its lower part, 9 inches. The dam covers about 
400 acres, and is available as a reservoir for 500,000,000 
gallons above the level that would allow the aqueduct to 
discharge 35,000,000, gallons daily. The receiving reser- 
voir, 5 miles from City Hall, contains an area of 35 acres, 
is divided into two equal parts, and has a capacity for 
150,000,000 gallons. The distributing reservoir, 3 miles 
from City Hall, includes 4 acres, is also divided into two 
equal parts, and has capacity for 25,000,000 gallons. Its 
walls consist of an exterior and an interior wall, connected 
at every 10 feet by cross walls. At their base the thickness 
of the interior wall is 6 feet, of the exterior 4 feet, and the 
intermediate space is 14 feet; or 24 feet in all. Both walls 


are carried 5 feet beneath the ground, and the exterior New York 
44 J feet above it. The new reservoir, in the Central Park, 
begun in 1856 covers 97 acres ; the cost of its construction 
is estimated at L.250,000 ; amount awarded for the land, 

L.147,500. The total length of street pipes laid to 31st 
December 1856 was 255 miles. The entire water receipts 
to that date amounted to L.l, 103,823. 

The fire department of the city is a powerful organ iza- Fire de- 
tion, effective in the preservation of life and property, partment. 
The city is divided into eight fire districts; and in case of 
fire the alarm hells are struck according to the number of the 
district in which the fire exists. The name of the locality 
is signalled to the bell-ringers by telegraph. There are 
46 fire-engine companies, 57 hose companies, and 13 hook 
and ladder companies ; nearly all of which are well sup- 
plied with the necessary apparatus for efficient service. 

There are also 4 hydrant companies, whose duty it is to 
take charge of the hydrants at fires. The fire marshal’s re- 
ports afford the following statements : — 


Items returned. 

June 1st to May 31st. 

Decrease in 
1856-6. 

1854-5. 

1855-6. 

Number of fires 

Alleged loss. 

Insurance 

Amount paid 

353 

L.288,994 

645,140 

288,994 

331 

L.192,335 

683,952 

103,605 

22 

L.96,656 

61,186 

185,387 


The permanent fund of the fire department, for the relief 
of widows and children of its deceased members, exceeds 
L.20,000; and the annual accounts of its payments for 
relief, have of late years ranged from L.3000 to L.4100. 

Gas-light is supplied by two companies, of which we have Gas-light, 
the following statistics : — The New York Gas-Light Com- 
pany, chartered in 1823, with a capital of L.208,000, sup- 
plies the district south of Grand Street; and in 1856 had 
about 130 miles of mains of various sizes, and lighted 3500 
public lamps. The Manhattan Gas Company, chartered 
in 1833, with a capital of L.41 6,000, supplies the rest of the 
city; and in 1856 had 190 miles of mains, lighted 7300 street 
lamps (in 1850, 3797), and furnished gas to over 17,000 
shops and dwellings. The following is a statement of the 
assessed valuation of these companies in 1856: — New 
York, — ^personal estate, L.70,286; real estate, L.l 2 1,248: 
total, L.l 91,534, Manhattan, — personal estate, L.274,570; 
real estate, L. 180,666: total, L.455,236. 

The city charter, as it now stands, according to the Act The city 
of Amendment of 14th April 1857, provides, that thegovern- 
corporate name of the body politic shall, as formerly, 

‘‘the mayor, aldermen, and commonalty of the city of 
New York.” The legislative power is vested in the com- 
mon council. This body consists of the Board of Aider- 
men and the Board of Councilmen. The former comprises 
17 members, each elected for two years, 8 or 9 retiring an- 
nually. The Board of Councilmen consists of 24 members, 

6 from each senatorial district, elected on general ticket. 

Both aldermen and councilmen must, at time of election, 
be residents of the districts from which elected. Execu- 
tive power is vested in the mayor, who is elected for two 
years. There are 6 executive departments, the heads of 
which are appointed by the mayor, with approval of the 
Board of Aldermen. The various departments of city 
business are duly arranged according to statute. The ex- 
penses of the government have for many years been con- 
stantly increasing. During 1856 the total amount re- 
ceived into the treasury from all sources, except the sink- 
ing fund, was L.3,700,551; and the expenditure there- 
from was L.3,589,312; showing an excess in receipts of 
L.l 11,239. The principal items in the accounts were of 
the sale of new city bonds, and the redemption of bonds 
due; The expenditures for the support of the city govern- 
ment proper were L.956,23L The permanent city debt ■ 
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New (chiefly for the Croton Aqueduct) on 1st January 1857, 
Zealand, L.2,964,712, and the amount then held by the com- 
missioners of the sinking fund towards its payment was 
L,l, 152,071, leaving as the outstanding debt unprovided 
for L. 1,825, 03 7. Amount received on account of the fund 
in 1856, L.253,723; interest paid on city stock in 1856, 
L.173,758; amount of funded debt redeemable from 
taxation, 1st January 1857, L.240,415 ; amount of city 
debt cancelled in 1856, L.117,926 1 in the early part of 1857 
the sum of L.206,248 was paid on account of the aqueduct 
loans. The total operations of the city treasury for the 
years 1855 and 1856 were 

Eeceipts in 1855, L.3,545,860, In 1866, L.4,315,939, 

Payments in 1855, 3,444,666. In 1856, 4,236,276. 

The total amount of tax (including the state tax) levied 
in each year, from 1851 to 1856 inclusive, was : — 


In 1851 L. 609,23,3 

In 1852 703,816 

In 1853 1,066,173 


In 1854 L.I,008,591 

In 1855 1,217,459 

In 1866 1,474,045 


The value of the real estate owned by the city in Fe- 
bruary 1857 was L.9,002,511 (as estimated, being chiefly 
unproductive, at its cost price) ; of \yhich the aqueduct 
L.3, 370,247; parks, L., 2,913, 406; piers and bulkheads, 
L.1,213,122 (those used for commerce, L.842,915; for 
ferries, L.336,873; for corporation purposes, L.33,334); 
almshouses, L.354,166; schoolhouses, L.332,038; markets, 
L.245,164. (p. H.) 

Situation NEW ZEALAND consists of three islands, of unequal 

and area, size, situated in the South Pacific Ocean, between the pa- 
rallels of 34, and 48. S, Lat., and of 161. and 179. E. 
Long. The northern island, called by the natives Ea- 
k€inowawe{*^The Child of Mawe”),is of very irregular shape, 
the northern portion being a narrow peninsula, varying from 
8 to 50 miles across, the centre widening to a breadth of 
200 miles, and then decreasing to an average of 60 or 7Q 
towards its southern extremity. Its length, as measured 
by a line drawn from Cape Maria Van Diemen to Cape 
Palliser, is 540, and the breadth between Cape Egmont 
and East Cape, 290 miles. The actual surface extent is 
not more than 48,710 square miles, or 31,174,400 acres. 
The middle island, called by the natives Tavai Poenammoo 
(“ The Land of Green Talc”)} extends from N. to S. about 
470 miles; the breadth from. E., to W. varies from IQO to 170 
miles; and its area is* computed at 72,072 square miles, or 
46,126,080 acres. The southern island (called also Stewards 
Island)'\% about 60 miles long, and 30 broad ; its area being 
about 1800 square miles, or 1,152,000 acres. Thus the area 
of the three islands is estimated at 78,452,000 acres, being 
about 1,192,160 acres beyond the extent of the islands 
of Great Britain and Ireland. The names of !New Ulster, 
New Munster, and New Leinster, attempted to be imposed 
upon these islands by the Colonial Office, have been disre- 
garded by the British colonists, who desire for their adopted 
country a nomenclature more suitable to its future position 
among the nations of the Southern World., Zeelandia, Aus- 
tral Britain, and South Britain, have been proposed, as being 
more euphonious and descriptive, and it is probable that 
one of these will in due time be adopted by the general 
legislature. 

Geological That these islands are of volcanic origin, admits of np 

formation, question. At no very distant period their whole area pre- 
sented the appearance of a group of rocky islets, precipitous 
and barren, except in the gullies of the mountains. New- 
Zealand largely participates in a general elevatory move- 
ment, extending from the southern pole over the whole 
Southern Hemisphere. Besides this, she has her own 
centres of volcanic action, some of which are yet ip operation, 
gradually raising the level of the land; the proofs of which ija 
the upheaving and increase of elevation are eveu now ob- 
vious to any intelligent traveller* Some of these changes 
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have been witnessed by the present generation. (Forbes.) New 
These centres of volcanic action are supposed to be — (1.), Zealand, 
at Otawa, near the Bay of Islands ; (2.) the vicinity of 
Auckland; (3.) a range of country which may be de- 
fined by a line drawn from White or Sulphur Island to 
E'otorua, Lake Taupo, and Mount Tongariro, to Wanganui; 

(4.) the country around Wellington. (Taylor.) In the . 
middle island the upheavemeut of the land is observable 
in a marked manner through the entire length of the west- 
ern coast from Cape Farewell to Dusky Bay. Some of the 
most extraordinary changes in these regions have taken 
place within the last few years. More than half of the 
mountains of New Zealand are extinct volcanoes ; a few 
are yet in partial action, as Waka-ari (White or Sulphur 
Island), Montoboro (Whale Island), Tongariro, and occa- 
sionally one of the Kaikora peaks. In the centre of the 
northern island, between Rotorua, Lake Taupo, and Mount 
Tongariro, the number of boiling mud pools, mud volcanoes, 
and openings emitting sulphureous steam, is astonishing. 

Some of them shoot up volumes of boiling waiter, like the 
geysers of Iceland, to which they are little, if at all, inferior. 
Ikrthquakes, as might be expected, occur occasionally; but 
their action appears now to be confined to the shores along 
Cook's. Straits, and the western coasts of the middle island. 

The geological formaetion is simple, the rocks being erupted, 
metamorphic, trappean, and sedimentary, the latter all of 
them of tertiary origin, as proved by their imbedded 
fossils. (Forbes.) 

New Zealand is eminently a mountainous country, level Pace of the 
plains, though such there are of great extent, being the ex- country.— 
ceptioni The mountain ranges run parallel with the sea- naoua- 
coast, generally from N.E. to S. W. In the northern island 
these ranges vary from 500 to 1500 feet in height, until ® 
they reach the centre of the island^ near Mount Pirongia, 
where the great central Rangitito chain commences, which, 
under the names of Rualiine and Tarahua, extends as far 
as the southern extremity. This central mountain range 
throws off spurs or ridges of a very difficult mountainous 
country in various directions to the coast ; the valleys be- 
tween these ridges, generally mere gorges at the hills, be- 
come fertile and extensive plains near the coast ; and form 
the channels of the Thames, the Waikato, the Mokau, the 
Wanganui, the Rangitiki, and other minor streams. These 
subsidiary mountain ridges or spurs, thrown from the main 
range, are for the most part, whei;e roads have not been 
constructed across them, impassable even for horses; so 
that no overland communication, except for foot-passengers, 
can be considered as yet existing between the several 
principal settlements.” (Sir George Grey.) Some of these 
mountains aije very elevated, and are covered with perpetual 
snow. Pirongia is only 2500 feet high ; but Tongariro is 
6200 feet, and Ruapahu 9,000 feet ijn height. Though not 
connected with any of the central or minor ranges, Mount 
Egmont or Taranaki stands about 30 miles from the sea, and 
rises to an elevation of nearly 9000 feet ; it is distinguished 
by the perfect shape of its cone, cdvered with perpetual 
snow. The middle island has its northern shores skirted 
by a high crescent-shaped range of mountains, throwing 
out spurs towards the sea, and forming the sheltered har- 
bours in which that locality abounds. This range unites 
with a great central range which runs through the island 
midway, and with another of yet greater elevation which 
skirts the western coast,, and which approaches even to the 
very margin of the sea. Numerous streams, subject to sud- 
den floods flow from these ranges. The highest peak in 
New Zealand, Mount Cook, which rises to about 13,000 
feet above the level of the sea, is on& of the mountains of 
this western range* 

The appearance of the country generally is singularly 
picturesque and attractive. “ It may be called a wooded 
highland country, displaying some half dozen noble plains, 
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New and thousands of brook- watered valleys, dells, and dales. 

Zealand. In combination of those great natural features which con- 
stitute the foundation of fine scenery, New Zealand is un- 
surpassed by any country in the world. She displays noble 
forests, snow-capped mountains, shooting up 10,000 feet 
from a sea of green, and wooded up to the line of snow ; 
tracts of rolling champaign country, dells, valleys, rivers 
and rivulets innumerable ; and 3000 miles of bay and ocean 
coast. The indigenous plants and trees being evergreen, 
there is no autumnal fall : the country is always verdant.” 
(Hursthouse.) To the truth of this glowing picture we can 
bear testimony. 

Soil. The soil is generally fertile : the swamps may be easily 

drained, and will afford the best land to reward the la- 
bours and enterprise of future capitalists. There is per- 
haps as large a proportion of available land for agricultural 
and pastoral purposes as in the British Islands ; and it must 
be kept in mind, that the grazing capabilities, as well as 
the results of husbandry in general, are fully equal to a 
similar extent of land in Britain. “ Every English grain, 
grass, fruit, and fiow'er attains full development and per- 
fection. Surface and subsoil are generally light and porous : 
wet rapidly drains and percolates away.” (Hursthouse.) 

Climate. The climate is undoubtedly one of the best in the world, 
and is peculiarly congenial to English constitutions and 
tastes. The summer is a little warmer than in England, 
and of longer duration ; and winter, spring, and autumn, 
are much milder. Rain and heavy dews are frequent, but 
there are more fine days than in England ; the high winds 
are perhaps the greatest inconvenience felt by strangers. 
Snow is never seen in the northern island, except on the 
mountain-tops ; but there are occasional falls on the Can- 
terbury and Otago plains in the middle island. Fogs 
and mists are rare, and thunder-storms less frequent than 
in England. As New Zealand is near our antipodes, the 
seasons are reversed, our summer months being winter 
months in the Southern Hemisphere. Some little difference 
of climate is caused by the difference of latitude between 
the northern and southern colonies ; but this is less than 
might be expected. The mean temperature of the central 
part of New Zealand, as compared with that of London, is as 
follows: — New Zealand — spring o6®, summer 66°, autumn 
58°, winter 52° ; London — spring 49°, summer 62°, autumn 
52°, winter 40. (Swainson ; Hursthouse.) 

Minerals. From the peculiar geological formation of the country, 
it is probable that coal, copper, gold, and other metals, will 
be found in abundance; already accident, rather than 
scientific research, has discovered that the most important 
and valuable exist. Coal has been found near the North 
Cape, on the banks of the Waikato, at Mokau, at Massacre 
Bay, and in the Canterbury and Otago settlements. Gold- 
diggings are being worked at Coromandel, near Auckland, 
and at Aorere, near Nelson ; and it is reported that this 
precious metal has been discovered in the Matoura River 
in the Otago colony. Copper is found at Kawau, the 
Great Barrier Island, Monganui, and at the Dun Mountain, 
near Nelson. Iron, in the form of pyrites and magnetic 
iron-sand, abounds; the latter especially near New Plymouth, 
and covers the shores for miles, yielding 50 per cent, of iron 
of the finest quality. Some of the rocks are powerfully 
magnetic. Lead and manganese have been met with near 
Auckland. The purest sulphur is abundant. Alum and 
nitre are found at Wanganui and near the Rotorua lakes : 
rock-salt near Mercury Bay. Various useful earths — fire- 
clay, pipe-clay, ochres, &c. — are common. Slate, marble, 
granite, sandstone, and freestone, are found in various parts; 
and limestone exists in many localities, and is of great 
purity. (Hursthouse.) 

Vegeta- The vegetation of New Zealand is remarkable. Six 

tion. hlmdred and fifty distinct species of trees and plants are in- 
digenous, of which scarcely twenty bear even a general 

VOL. XVI. 


resemblance to any of our English plants ; there are few New 
annuals and flower-bearing plants, but a large number of Zealand, 
tree-creeping parasitical plants, and of the beautiful fern 
and palm-tree family. The mode of growth in a New Zea- 
land forest is different from anything in the Old World, 

“ Thousands of tall columnar trees, 100 to 200 feet high, 
struggle up through a wilderness of underwood, their leafy 
heads so loaded with tufts of rushy parasites, that the true 
foliage is almost lost, while innumerable creepers coil round 
every stem, nin up every limb, glide from head to head, 
and entwine the topmost boughs of a dozen trees in fifty 
Gordian knots. The underwood consists of these creepers, 
and of an equally dense growth of young saplings mixed 
with forest shrubs ; and such is the closeness of the growth, 
that sun and air scarcely can penetrate.” (Hursthouse.) 

The Kauri pine supplies splendid spars and masts. Other 
pines are useful for building purposes, furniture, &c. A 
resinous gum is an article of export. The root of the fern 
was formerly the chief vegetable food of the natives ; and 
the Phormium tenax furnishes the New Zealand flax, which 
at some future period may be an important export. 

The quadrupeds of New Zealand, previous to the arrival Animal 
of Europeans, were the rat and the dog. Pigs were intro- kingdom, 
duced by Captain Cook, and other valuable quadrupeds 
followed. There are about fifty varieties of land birds, and 
about a dozen of coast birds, of which the kiwi is the largest. 

The gigantic moa, 12 feet in height, is probably extinct, 
unless existing in the western ranges of the middle island. 

The rivers abound in small fish resembling the eel, gray- 
ling, whitebait, &c., of our rivers. The sea fish are nu- 
merous, but inferior to those of Europe for culinary pur- 
poses. The black whale frequents the coast from J une to 
October. Seals are found in the remote south. Sharks 
are common on the coast. Cray-fish, oysters, cockles, 
and mussels are abundant. The insects are similar to those 
in England. The sand-fly is annoying to travellers in 
the summer. (Hunburn.) (For the natural history of New 
Zealand Ve must refer to the able treatise of the Rev, 

Robert Taylor, Teika a Maui.) 

By the New Zealand Constitution Act (1852), the three 
islands are divided into six provinces, three of which are in geography, 
the northern island, viz., Auckland, New Plymouth, and —The six 
Wellington ; the remaining three are in the middle island, colonies, 
viz., Nelson, Canterbury, and Otago. The southern island 
forms an appendage to the latter colony. Although a very 
small portion of the island thus geographically appropriated 
is occupied by the European settlers, this division is a con- 
venient one for the purpose of a more particular description 
of the present condition of the British colonies in New 
Zealand. 

Auckland, the northern province, is about 400 miles in Auckland, 
length, 200 in breadth, with a coast-line of 800 miles, and 
an area of about 16,000,000 acres. It possesses the only 
navigable rivers of any importance to be found in the island, 
namely, the Waikato, with its tributary the Waipa ; the 
Thames ; the Piako ; the Kaipara, with its tributary the 
Wairoa ; and the Hokianga. There are also several 
smaller streams, which at their mouths form suitable har- 
bours for ships of from 400 to 500 tons, and are navigable 
for boats of 20 tons from 7 to 10 miles. Larger harbours 
are numerous. The Waitemata (upon which Auckland 
stands), on the east coast, nearly joins the Manukau harbour, 
on the west coast, from which a narrow isthmus of 6 miles 
separates it. The Waikato, Kawhia, Wliaingaroa, Kaipara, 

Hokianga, Wangaroa, Bay of Islands, Mercury Bay, Tau- 
ranga Bay, Maketu, Hicks Bay, Turanga or Poverty Bay, 
are also respectable harbours, with others of less note. 

This very extensive water communication, so important to 
infant settlements, especially in a country where roads are 
few, and carriage by land almost impossible without them, 
has led to the largest amount of European immigrants being 
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settled in this part of New Zealand, without any adventi- 
2ealand« help from colonizing companies. About one-twelfth 
of the sixteen millions of acres has been purchased of the 
natives by the colonial government. The chief town, 
Auckland,” situated on the south side of the Waitemata 
harbour, and, like another Corinth, commanding the narrow 
isthmus of Manukau, is one of the finest commercial sites 
in New Zealand, “ the centre of a network of marine high- 
ways, a youthful antipodal Venice, surrounded by natural 
canals.” (Hursthouse.) Being built upon hills, there are 
few level streets ; but the houses are generally respectable. 
The public buildings, churches, chapels, &c., are equal to 
those in any town of the same size in the' mother country. 
The Church of England and the Wesleyans have respect- 
able scliools for the education of the European population, 
and institutions for the training of the native youth in the 
vicinity. Two weekly English newspapers are published, 
and one in the native (Maori) language. The population is 
about 8000. Near to Auckland are the military pensioner 
villages of Panmure, Howick, Oneunga, and Otahu, all 
within a range of 6 or 10 miles, and connected with Auck- 
land by well-made roads. Russell, in the Bay of Islands, 
which was once intended for the capital, is but a very small 
town. Besides, there are various coast settlements, such as 
Coromandel, Otea, Wangari, Wangaroa, Monganui, Hoki- 
anga, Whaingaroa, Kawhia, and Tauranga, which have from 
50 to 100 pioneer settlers, the nucleus of future city popu- 
lations. The principal lakes are Rotorua, Tarawera, Ro- 
tomahana, and Taupo, in the vicinity of which are found 
the hot springs, mud volcanoes, &c., to which reference 
has already been made. In the general fertility of the soil, 
and in the amount of available land for cultivation, Auck- 
land is fully equal, if not superior, to the other provinces in 
the northern island, although in the peninsula north of the 
Waitemata there is much poor and swampy land. The 
gold field at Coromandel, and the copper-works at the Great 
Barrier Island and Kawau, are now partially abandoned for 
want of labour ; but the mineral treasures of thig province 
will at some future period contribute largely to its resources. 
The census of 1855 gave a population of 1 1,919 Europeans ; 
but the estimate for 1857 is about 15,000, to which we 
must add 35,000 natives, who contribute their fair share to 
the industrial resources of the colony. 

'Nb'w Ply- Plymouth, called also Taranaki, is the smallest of 

mouth. the six provinces, and is situated on the west coast, be- 
tween Auckland and Wellington. It has a coast-line of 
1 50 miles, and is about 100 miles long by 50 broad, with 
an area of about 3,000,000 acres, of which not quite a 
fiftieth part is yet in the possession of the colonists. It has 
no navigable rivers, but many small streams, as the Mokau, 

, Oneiro, Waitera, Manawapo, and Patea, which are occa- 
sionally entered by small vessels. The roadstead near the 
town of New Plymouth affords great facilities for the load- 
ing and unloading of the largest vessels, and there is no 
doubt but that by the outlay of a moderate sum of money 
a good harbour might be formed at this place, for which 
' there are peculiar natural facilities. Around the town, or 
rather township, of New Plymouth, the European popula- 
tion is mainly concentrated within a radius of 10 miles. 
The soil is peculiarly fertile ; so that this portion of the 
island is by common consent termed the ‘‘ Garden of New 
Zealand.” The country near the sea is open and undulat- 
ing ; beyond, at some distance, it is forest, containing excel- 
lent timber. ^ Mount Egmont, covered with perpetual snow, 
gives a peculiar character to the scenery. The unwilling- 
ness of die natives to sell their lands has hitherto retarded 
the progress of this settlement, by preventing a larger 
accession of immigrants. In } 855 the European population 
was 21 13, and the .estimate for 1857 was 3000. This small 
community, intellectually and morally, is perhaps one of 
the most select and respectable in the world — ^not even 


excepting the most favoured’ portions of the mother country. New 
The native population is about 8000. One weekly paper Zealand, 
is published. When the colonial funds admit of the expense 
requisite for the formation of a harbour, and when the 
native title has been more extensively extinguished by 
purchase, this portion of New Zealand will offer irresistible 
attractions to settlers from the mother country. 

Wellington is the southern province of the northern 'Welling- 
island, 200 miles long, 100 broad, with a coast-line of 500 ton. 
miles, and an area of 12,000,000 acres, of which about one- 
third has been purchased of the natives for the purpose of 
European settlement. The land near and within 20 miles 
of the principal harbour (Port Nicholson) is mostly moun- 
tainous, densely timbered broken by steep ravines, and 
most unfit for cultivation; but the valleys of the Hutt, 
Wairarapa, Wanganui, Rangatiki, Manawatu, and sundry 
adjacent portions, are admirably adapted for agricultural 
purposes. The vicinity of Hawkes Bay (Ahuriri) has also 
much good land ; and from this point there is a communi- 
cation across the island to Manawatu, and southerly to the 
Wairai'apa valley. Three of the rivers may be called 
semi-navigable, as they may be entered by vessels of small 
tonnage — the Wanganui, the Rangatiki, and Manawatu. 

The harbour of Porirua is available for small vessels, and 
this harbour and the available country to the north, in the 
basins of the Manawatu, Rangatiki, and Wanganui rivers, 
are connected with the town of Wellington (Port Nichol- 
son) and the Hutt River district by an excellent road, 
which winds round the spurs of the Tarirua range. A good 
road along the bay connects Wellington wiUi the jHutt 
River valley ; and another road now forming will lay open 
the whole of the Wairarapa valley, and afford easy means 
of intercourse with the capital. In no part of New Zea- 
land has so much been done to overcome formidable natural 
obstacles by means of good roads. Wellington, the capital, 
is situated on a beautiful bay opening into Cook’s Straits, 
which forms the harbour of Port Nicholson, and which is 
6 miles across, surrounded by hills of great elevation, and 
affording a shelter for large vessels. The town, built 
mainly of wood, stands on two level spaces on the west and 
south sides of the harbour, and rises in terraces from the 
margin of the bay, whicli gives it a most picturesque ap- 
pearance from the sea. The bay and scenery around has 
been compared to that of Naples. Occasional earthquakes, 
which have, however, ceased to be dreaded since the houses 
have been built of wood, and high winds, are the main 
drawbacks to this locality. Its central position on the great 
marine highway of Cook’s Straits is the greatest advantage 
of Wellington, which must secure for it an important rank 
among the future dep6ts of New Zealand ; especially as it 
possesses, next to Auckland, the best portion of the northern 
island. Its population in 1857 was probably 5000. The 
other townships are, a rural settlement in the Hutt valley, 
a small town at Wanganui, Port Napier at Ahuriri (Hawkes 
Bay), and the native mission village of the Church of Eng- 
land at Otaki, remarkable for its beautiful church, of native 
workmanship. The province probably contains 12,000 
Europeans and 15,000 native inhabitants. Two weekly 
papers are published at Wellington. 

Nelson is the northern province of the middle island, and Nelson, 
is 150 miles long, 140 broad (with a coast-line of 500 miles), 
and an estimated area of 15,000,000 acres, all of which are 
virtually open for settlement, as the native population 
scarcely amounts to 1000. The climate is comparatively 
serene and dry, and more equable than in any of the other 
provinces. It possesses great mineral wealth in coal, 
copper, and gold. Between D’Urville Island and Cloudy 
Bay are a large number of noble harbours opening into 
Gook’s .Straits, of which Queen Charlotte’s Sound and 
Pelorus Bay are the principal ; but the wooded hills rise so 
abruptly that it has been .stated, though perhaps with some 
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New exaggeration, that there is scarcely a thousand acres of 
Zealand, ‘land fit for the plough to be found along their margins. 
The valleys of the Waimea and Motueka, of Blind Bay, 
Massacre Bay, and Cloudy Bay (Wairau), afford, how- 
ever, ample room for the agriculturist and grazier. The 
Grey and Butter rivers, on the west coast, are now found to 
be available as ports, and to possess in their vicinity much 
valuable land — a pleasing exception to the general dis- 
paraging character which has been given to the capabilities 
of the west coast of the middle island. Nelson, the only 
town, is situated at the bottom of Blind Bay, and possesses 
a small but safe harbour, 50 miles away fi*om the turbulent 
winds of Cookes Straits. It is sheltered by a range of hills 
from the southern blasts, and enjoys a climate equable and 
serene beyond any other locality. The Dun Mountain, 
within a mile of Nelson, contains treasures of copper yet to 
be developed. The European population of the colony, 
which amounted in 1855 to about 6000, and which was sup- 
posed to be, in 1857, 9000, is mainly located around Nelson, or 
within a moderate distance. There is a weekly paper pub- 
lished at Nelson. A new township has been formed at the 
harbour of Waitohi or Newton Bay, a south-eastern branch 
of Queen Charlotte’s Sound; this is intended to be a port for 
the produce of Wairau (Cloudy Bay), and of the Awatere 
plains, to which district a road is now being formed of 12 
miles through a nearly level valley. Other paths are 
being discovered through the mountain-passes, by means of 
which communication will be facilitated with the various 
settlements in the Nelson province, and with those in the 
adjacent province of Canterbury. Two lakes are con- 
nected with the Butter River (Rotorua and Rotuiti) ; but 
as yet the interior of the middle island has not been explored. 
The gold-diggings at Aorere (Motueka River) are now 
exciting much attention, from their productiveness; but 
their main value to this province will be the additional in«* 
centive given to emigration to it. 

Canter- Canterbury is the central province of the middle island, 

hury. and is 200 miles long by 100 broad, with a coast-line of 500 
miles, and an area of about 14,000,000 acres, all of which 
are available for settlement, as the native population is not 
above 500. The western portion of this province is pro- 
bably rugged and scarcely accessible ; the centre is occupied 
by mountainous ranges not yet explored. A vast elevated 
plain of 4,000,000 acres .extends from the foot of these 
central ranges, gradually descending 40 miles to the heights 
above Port Victoria (called also Port Cooper). This plain 
is watered by more than twenty rivers. The portion nearest 
the west coast consists of a deep border of fine cattle-graz- 
ing and loamy agricultural land ; but the great inland por- 
tion is a true pastoral country, covered with a perpetual 
herbage of grasses and dwarf shrubs, and admirably suited 
for the breeding and depasturage of sheep, horses, and 
cattle. The absence of wood is remarkable, but there is 
plenty in Banks’ Peninsula and at the foot of the central 
highlands. About fifty small rivers discharge themselves 
into the sea on the east coast of this province, of which the 
mouths of the Ashley, Courtney, and Avon are navigable 
for a short distance by very small boats. A remarkable 
feature in this province is Banks’ Peninsula, which pro- 
trudes from the east coast, and consists of a pile of densely- 
wooded volcanic hills, among which the principal harbours 
of the colony are found, — viz., Port Victoria (or Cooper), 
Port Levy, Pigeon Bay, and Akaroa Harbour. Lyttleton, 
the post-town of the colony, is situated upon Port Victoria, 
at the foot of the heights which lead to the great plain. 
Population from 2000 to 3000. A good road is being 
made up the heights, to connect I^y ttleton with Christchurch; 
the capital, which stands on the Avon, on the border of the 
great plain. Population between 2000 and 3000. There 
are small settlements on the odier harbours of the penin- 
sula. Akaroa was the site of the French -settlement formed 
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in 1840, and yet retains many of its original settlers. This New 
colony was originally designed for members of the Church Zealand, 
of England, and possesses a large number of the clergy of 
that church, and educational institutions conducted by them. 

There are also Wesleyan and Presbyterian churches, as the 
exclusive principle has been wisely abandoned. Great 
facilities are offered to small farmers and graziers, and the 
tide of emigration is rapidly flowing in this direction. The 
European population in 1857 was supposed to be not less 
than 7000, who, as a matter of course, have their weekly 
journal. 

Otago is the southern province of the middle island, and Otago, 
includes the whole of the southern or Stewart’s Island. It 
is 150 miles long, 200 broad (with a coast-line of 500 miles), 
and an area (including Stewart’s Island) of about 18,000,000 
acres, the whole of which is available for settlement, as 
the natives do not exceed 500 in number- The south- 
western coast is remarkable for its thirteen harbours, like so 
many breaches in the sea-wall of this otlierwise iron-bound 
coast, and which run in a N.N.E. and S.S.W. direction from 
six to twenty miles inland. The land around these har- 
bours rises almost perpendicularly from the water’s edge, 
and, is covered with trees suitable for all purposes. The 
depth of water also is remarkable, as soundings can rarely 
be obtained under from 80 to 100 fathoms. The ports on 
the east coast are Moerangi, Otago, and Molyneux Bay. 

Stewart’s Island is well wooded, contains many excellent 
harbours, of which Port Pegasus is the principal, and is 
partially colonized by various little communities of tens and 
twenties of old whalers, half-castes, and natives. The 
European population of the province, about 4000, chiefly 
Scotch, is settled on the east coast, in or near the following 
settlements : — Dunedin, the capital, stands at the head of an 
arm of the sea, which is only navigable for large ships as far as 
Port Chalmers; population about 2000. Port Chalmers 
is a rising seaport. Invercargill, the most recent settle- 
ment, is situated on the Bluff in Foveaux Straits^ in a 
central position between the Bluff harbour and the New 
River, a fine stream, navigable for 20 miles. The lofty , 
mountain ranges towards the west coast, and the three large 
lakes which are reported to exist in the interior, have not 
yet been explored. From these ranges to the sea-coast on 
the east the province consists for the most part of splendid 
plains diversified with hill and dale, as if to suit our notions 
of beauty, and available for all grazing and agricultural 
purposes. The climate is bracing and invigorating, yet 
temperate. This important province has the advantage of 
being a few days nearer England than any other part of 
New Zealand. Dunedin has, like the other colonial capitals, 
its weekly journal. It was originally the settlement of the 
Free Church of Scotland, and complaints are made of the 
somewhat exclusive tone of feeling prevalent in society, 
which is annoying to settlers from other countries and be- 
longing to other churches ; but this grievance, if it does 
exist at all, must vanish with the increase and spread of the 
population, while the industry, moral worth, and enterprise 
of the Scottish population must insure for this colony a 
high place among the political communities of New Zea- 
land. 

It will be seen from the above sketch of the various Emigra- 
colonies, that while there is ample room in the northern tion field, 
island for emigrants, the whole of the middle and southern 
islands are open for settlement, without any. possible inter- 
ference with native rights. And when we consider the 
climate, soil^ harbours, and other available capabilities of 
these invaluable islands, which only require a large Euro- 
pean population for their speedy and full development, we 
cannot but augur favourably as to the position which New 
Zealand will at some future period occupy in the history of 
the world. 

. The population of European. race in New Zealand is 
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ITew estimated by Hursthouse, for the year 1857, at 50,000, 
Zealand, which is perhaps somewhat beyond the actual number ; 
add to these 60,000 natives, and the entire population 
Statistics, will be found not to exceed 100,000, — a scanty supply for 
population, aland which is as capable as the British Islands of supporting 
nearly thirty millions of people in all the comfort and luxury 
of civilized life. 


Districts. 

Euro- 

peans. 

Natives. 

Acres cul- 
tivated. 

Sheep. 

Cattle. 

Horses. 

Pigs. 

Auckla'nd 

Ne\r Plymouth 

Wellington 

Nelson 

Canterbury .. 

Otago 

Native po- 1 
pulation... j 

15,000 

3.000 
' 12,000 

9.000 

7.000 

4.000 

35.000 

8.000 
35,000 

1,000 

500 

500 

60,000 

15.000 

60.000 

50.000 

20.000 
16,000 

26,000 

50.000 

30.000 

850.000 

330.000 

320.000 

120.000 

20,000 

0,000 

23.000 

17.000 

16.000 
12,000 

6,000 

2,800 

500 

2,200 

2,000 

3,600 

1,200 

1,700 

7.000 

3.000 

7.000 

7.000 

6.000 
3,000 

67,000 

Total 

50,000 

60,000 

225,000 

1,200,000 

100,000 

12,000 1 

100,000 


Trade, The exports of the New Zealand colonies consist of 

marine. provisions and timber to the neighbouring Australian co- 
lonies, and of wool, tallow, spars, flax, gums, copper ore, 
&c., to the mother country. The estimated value of these 
exports for 1857 is L.400,000, while the imports may be 
calculated at L.600,000; part of the latter consisting of pro- 
perty belonging to emigrants from Europe, and forming 
part of their capital stock. The welfare of New Zealand 
depends mainly upon agricultural pursuits, as whaling sta- 
tions have ceased to be profitable, and the copper mines 
have not succeeded, from the scarcity of labour. A taste 
for maritime pursuits seems to be rapidly developing, if we 
may judge from the statistics of the shipping the property 
of New Zealand, as well as that employed in the foreign 
trade. About 700 vessels of all sizes belong to the colonists, 
the tonnage of which is 20 , 000 , and most of them are of 
colonial build. The foreign trade employs 400 vessels, 
with a tonnage of 250,000. Steam communication is main- 
tained between Sydney and Auckland, and subordinate 
lines are soon to ply between Auckland and the principal 
ports of the islands. The adoption of the Panama route for 
the Australian mail service to and from England would 
bring New Zealand within forty days of the mother country. 

The value of land varies in every colony, but the mini- 
mum price of wild land may be stated as ranging from 5 s. 
to 60s, the acre. Large tracts of land, especially in the 
middle island, may be occupied, at fixed moderate rents, for 
grazing purposes. 

Political .The present constitution of New Zealand, adopted by 
govern. Sir J . Pakington, the colonial secretary under Earl Derby’s 

ment. administration, received the sanction of tlie British Parlia- 
ment in the session of 1852. A plan of government, on the 
principle of double election, framed by Earl Grey, the co- 
lonial secretary of a previous administration, had met with 
almost universal disapprobation, and had been withdrawn 
without having had a trial. The main provisions of the 
plan of government now in operation are as follows : — 

( 1 .) The six provinces were formed into distinct corpo- 
rate bodies, with privileges far beyond those enjoyed by 
ordinary municipalities 5 so that the term “government” 
may be with propriety applied to them. Each of these was 
empowered to elect a superintendent and provincial coun- 
cil, the latter not to consist of fewer than nine members, 
but capable of being enlarged at the discretion of the gover- 
nor-general. , The superintendent and council are elected 
for a period of four years, by a suffrage which is almost 
universal, die qualifications being small, and the possession 
of property being a common thing in new colonies. The 
governor-general may disallow the election of any superin- 
tendent, and may dissolve the provincial council at pleasure, 
and may dso disallow any bill passed by them within three 
months ; but if allowed by him, it cannot be annulled by 
the imperial government in England. The superintendT 
ent may summon and prorogue bk council ; but there must be 


one session at least in each year. These provincial councils New 
are prohibited from interfering with general legislation af- Zealand, 
fecting the whole colony ; as the customs, civil or common 
law, currency, weights and measures, post-office, bank- 
ruptcy, lighthouses, harbour dues, marriage, inheritance, &c. 

( 2 .) The government of the whole colony of New Zea- 
land to be vested in a governor appointed by the crown, 
with a moderate civil list, secured by act of Parliament ; 
and also in a General Assembly, consisting of a Legislative 
Council and House of Representatives, meeting in annual 
session in Auckland and legislating for the entire colony, 
with the exception of matters of purely local interest, which 
ai*e left to the provincial councils. The Legislative Council 
consists at present of 15 members, nominated for life by 
the governor. The House of Representatives consists of 
36 members elected for five years, by a suffrage similar to 
that of the electors of the provincial councils. The House 
can be dismissed by the governor at pleasure. 

(3.) In the general government, and also in the provincial 
superintendencies, the principles of responsible government 
are carried out as in England. The majorities create and 
turn out administrations, and each acceptance of office by a 
member is followed by a necessity of a re-election. 

(4.) To avoid the interference of the British Colonial 
Office in the land question, the control of the public lands 
in each province has been since vested by the General As- 
sembly in the respective provincial councils ; the legislation 
of which minor bodies, if confirmed by the governor-general, 
is not liable to be disallowed by the government in England. 

This appears to be a palpable evasion of the plain mean- 
ing of the act of Parliament by which the new constitu- 
tion was established in New Zealand. 

Making due allowance for the natural and inevitable dif- 
ficulties attendant upon the introduction of a new system 
of government into a new country, and among a scattered 
population, it must be admitted that the constitution (cum- 
brous and complex as it may appear for a population which, 
in 1853, scarcely exceeded 30,000, and which now, in 
1857, does not amount to 50,000) on the whole works well. 

Local self-government is so desirable for young colonies, 
that any inconvenience and cost is a small price for the 
inhabitants to pay for the privilege of developing their own 
resources and managing their own affairs, unchecked by a 
distant executive and legislature, necessarily ill acquainted 
with their wants and capabilities. These provincial assem- 
blies and administrations have called forth much local pa- 
triotism, and have developed much administrative .talent; 
and it must be remarked that the colonists of New Zea- 
land are, a large proportion of them, from the more edu- 
cated and respectable classes of the mother country, A 
time may come when increased facilities of communication 
may render it desirable to consolidate the local superin- 
tendencies, and merge their powers in that of the general 
government ; but this and other changes may be left to 
the colonists themselves, who are the best judges of their 
own legislative necessities. 

It is difficult to ascertain the exact amount of the annual Revenue 
revenue and expenditure of the seven exchequers of New and expen- 
Zealand (viz., the six colonies and the general government), diture. 
Hursthouse gives the expenditure and revenue of 1856 at 
L.270,000 ; one-half of the expenditure being for purchase 
of land and public works. The revenue for 1857 arising 
from land sales, customs, &c., is estimated by* the same 
writer at L.300,000. A loan of L.500,000 has been guaran- 
teed by the British Parliament for New Zealand, to enable 
the general government to pay off the debt claimed by 
the New Zealand Company, and for emigration and other 
purposes. The government claim the right of pre-emption 
in the case of land, so that no land can be sold by natives 
except to the crown ; this land is sold ^gain at a much 
higher price to the European settler. It is questioned 
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N'ew whether this mode of purchase has not been on the whole 
Zealand, injurious, as the natives are becoming more and more un- 
willing to part with land in large portions, but would be 
ready to sell in small parcels to individual purchasers. 


The Maori Some account of the native population will be found in the 
('native) article Australasia, section viii., vol. iv. We may here add 
population, some further information respecting this interesting people, now 
rapidly progressing from savage life into civilization. It is ob- 
vious that the Maori belongs physically, and by the structure of 
his language, to the light-coloured race of the Pacific Ocean, which 
is found spread over the islands for a distance of 6000 miles (from 
the Sandwich Islands to New Zealand). This race is supposed to 
be of Malayan origin by some 5 while others suppose the ancient 
Mexicans to have been the parent stock of the Pacific islanders. 
We require a more perfect acquaintance with the languages of the 
Eastern Archipelago in order to arrive at any definite conclusion 
respecting the ethnology of this part of the world. Certain it is 
that the. progenitors of the Maori came from Hawaii and Tanai, 
two of the Sandwich Islands, called in the New Zealand dialect 
Hawaiki and Tawai, about 500 years ago. The names of thirteen 
canoes of the leading chiefs, and of the articles brought in each 
canoe have been preserved, with the additional information, that 
the emigration came by the way of Tahiti and Easter Island 
(Waiho). ‘‘The New Zealanders are decidedly a mixed race: 
some have woolly hair, others brown or flaxen ; some are many 
shades darker than others. The peculiar features of the Tartar are 
also very common 5 the oblique eye, the yellow countenance, the 
remarkable depression of the space between the eyes, so that there 
is no rise in the nose, seem clearly to indicate that some portion 
of the race is of Chinese or Japanese descent.” (Taylor.) This 
view is confirmed by the fact of a bell, with characters similar to 
Japanese, being found in the districi of Wangaree in 1839. It is 
supposed that, as a race, the Maori have degenerated from their 
ancestors, who, at Easter Island, have left monuments of bygone 
skill in the arts, and who, up to the discovery of the islands by 
Captain Cook, possessed double canoes of superior build to any now 
found among them. The superior houses of the Maori, and the art 
of weaving, may have been introduced by these Chinese or Ja- 
panese emigrants accidentally thrown upon their coasts. Native 
traditions, mixed up with much fable, seem to indicate the exist- 
ence of an aboriginal population, which was either destroyed or 
amalgamated with the Maori emigrants. It is remarkable that, 
like most colonists, while preserving the religious traditions of 
their ancestors, the political bond of union was broken among 
themselves. Split into innumerable families and tribes, each 
having its own head, and independent of the rest, the history of 
the Maori is one of discord, war, and blood. It is reported that 
once a large temple called the Whare-Eura existed, in which all 
the tribes met for worship, for council, and for the settlement of 
disputes. This sacred locality, at first a grand place of union, be- 
came the source of discord ; the chiefs quarrelled, fought, and at 
last burnt the building; and from that period there has been no 
union ; one tribe has ever been opposed to the other. At present 
Taylor enumerates twenty-three principal tribes yet intact, be- 
sides fragments of others nearly extinct. The power of the chiefs 
rests upon their birth and personal character. No great chief, like 
those found in the Polynesian islands, exercises regal power. By 
the Tapu, which is a powerful engine of control possessed by the 
chiefs in New Zealand, as well as in the other islands of the Pacific, 
the common people were efiectually restrained, sometimes for good, 
and also for evil. It consisted in making any person, place, or 
thing sacred for a longer or shorter period, and was in fact a re- 
ligious observance established for political purposes. (Taylor.) 
With a philosophical cosmogony and a poetical mythology, they 
had no knowledge of a Supreme Being, but believed in a multitude 
of divine beings, the creators of various natural objects ; and these 
were confused and mixed up with the spirits of their ancestors. 
Thus, like the Greek heroes of the mythical period, most distin- 
guished persons among the Maori trace up their ancestry to a deity 
^Atua). One of these (Maui) is said to have fished up New Zealand 
(the universal tradition of the Polynesian races in reference to their 
several islands). Prayer, in our sense of the term, formed no part 
of the religion of the people; the harahia, which we translate 
“ prayer,” is rather a spell or incantation to compel the gods to be 
obedient to their wishes. These were accompanied by sacrifices and 
offerings. Image-worship was confined to one locality, and was 
offered to the deity, who was supposed to be present in the idol. 
The high chiefs {AriU) and priests (Tohunga) were supposed at 
all times to be able to hold visible intercourse with the gods. The 
belief in the power of bewitching, as being possessed by every one, 
was universal, and kept the native mind in bondage. Great at- 
tention was paid to the burial of the dead, for the sake of the spirit 
which survived the dissolution of the body. “ The prevailing 


idea of the abode of spirits was, that they went to the Reinga, New 
which is another name for Po or Hades : the word Reinga literally Zealand, 
means a “leaping place.” The spirits were supposed to travel to the 
North Cape, or land’s end, and there, passing along a long, narrow- 
ledge of rock, they leaped down upon a flat stone, and thence 
slinging themselves into the water by some long sea-weed, they 
entered Po, the Reinga being the passage to it. It was supposed 
that there were several compartments in Hades, the lowest being 
the worst, having no light or food, and there the spirits were 
thought gradually to pine away, and to he finally annihilated.” 

(Taylor.) 

Before the general reception of Christianity the natives resided 
in large fortified stockades, commonly erected on the summit of a 
steep hill, or on a peninsula, &c. ; these are called pahs. The 
strong high fence of these pahs presents no mean obstacle to foes 
not possessed of artillery. Within the pah are numerous subdi- 
visions and lower fencings, communicating with each other by 
means of stiles ; in each court a house, cart-house, and store for 
food ; the houses partly sunk in the ground, with a gable roof, and 
a portico or verandah, where the occupants generally sit. The 
post in the middle of the house, which supports the ridge-pole, has 
its lower part carved into the form of a human figure represent- 
ing the founder of the family ; and the same figure is generally 
found to surmount the gable end of the house. The inner chamber 
or sleeping-place is heated like an oven, and is offensively so for 
Europeans ; but the natives enjoy it the more, being huddled to- 
gether almost naked for the whole night. Now the pahs are 
generally deserted, especially those in inconvenient positions ; the 
stockades are left to waste away ; and the population is found in 
villages and solitary ^farms, as in our own country. Slavery 
scarcely exists now, having yielded to the power of Christianity ; 
though the social distinction yet subsists, as it does even in more 
civilized communities. The pride of birth is found in perfection 
in New Zealand, for “ very little is thought of a chief who cannot 
count back some twenty or thirty generations, and the high families 
carry theirs back even to the beginning of all things, I was once 
very much amused, in obtaining a tradition of this kind, beginning 
with ^ from the nothing the something ^ which went on gradually 
introducing name after name, and at last terminating with that 
of the speaker.” (Taylor.) To assist the memory, each family has 
a carved board, which serves as a sort of genealogical table, and 
the children were from this taught the names of their ancestors. 
Polygamy, especially among the chiefs, was common before the 
conversion of the natives to Christianity, Infanticide was not un- 
usual, and there was a great want of natural affection, with much 
show of it, if we may judge of the ceremonious salutations — the 
nose-rubhing, and the tangi, or weeping. War was carried on 
most barbarously ; the defeated party, if not slain, were reduced to 
slavery. Cannibalism was universal, but was said to be but of re- 
cent origin, and arose, not from hunger, but from a deep feeling of 
revenge. Now the very mention of this horrid custom is hateful 
to the Maori ; such a change has Christianity effected in public 
opinion, as well as in national usages, within the space of one short 
generation. A large number of songs, proverbs, and fables are 
known to the old men, and formed the oral literature of the people 
before the missionaries introduced letters and a new order of ideas. 

These have been preserved by Sir George Grey and by the Rev. 

Richard Taylor, just in time, as in another generation they would 
have been lost. The native dress, made of the flax plant, and the 
practice of tatooing, and many other peculiarities of the preceding 
generation, are now rapidly passing away ; and future travellers 
will not be able to recognise the Maori described in the writ- 
ings of visitants of twenty or thirty years ago. The land tenure 
of the Maori people throws some light upon their economical 
condition while comparatively savage and uninfluenced by Euro- 
pean civilization, and is also of importance in its bearings 
upon the future relationships of our colonial government with 
the native tribes. No one has so fully and satisfactorily described 
these as the Rev. Richard Taylor : — “ Land is held in three ways 
by the natives : either by the entire tribe, by some family of it, 
or by a single individual. The common rights of a tribe are often 
very extensive. These generally apply to waste lands or forests, 
and convey to each individual of the tribe the right of hunting and 
fishing over those parts. By intermarriages several tribes are some- 
times thus entitled ; but if such land be sold, it is nominally said 
to belong to the principal chief or chiefs of the tribe ; they are the 
parties with whom the treaty is made, and to them the payment is 
given, which is, however, a nominal honour, the money being 
equitably divided amongst all who are entitled to a portion, the 
seller rarely retaining anything for himself. The same may he said 
of that which is claimed by families ; private rights to land are 
very rare. The eel-cuts are held in the same way. These are 
drains made from lakes or swamps, with weirs at the outlet to 
catch the fish, which flow out in great quantities during the floods.” 
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New It appears that all the descendants of the first possessor of a piece 
Zealand, of land or eel-cut possess a claim to a share of the property, and 
that the stones placed as landmarks are as sacred as the dii termini 
of the ancient Romans. The property of the native tribes in their 
lands having been acknowledged and strictly respected hy the 
British government, the existence of the Maori is secured from 
the degradation which has befallen the natives of many of our 
colonial possessions. Yet for some time after the commencement of 
regular intercourse with Europeans, the population rapidly de- 
clined, owing, perhaps, in some measure, though not entirely, to the 
introduction of European diseases, and the evils attending the 
transition state of the population from their previous habits to 
those of Europeans. Eor instance, the warm flax dress, impervious 
to the rain, was abandoned for the shirt and habiliments of the 
Europeans. This mode of dress — worn in all weathers, and by night 
as well as by day, without a change, and when wet, dried upon the 
body of the wearer — ^was followed by a great increase in consump- 
tive complaints : add to this the introduction of fire-arms, which 
was at first attended with a large increase in the number slaughtered 
in war, as their possession was confined to a few tribes who took 
advantage to revenge themselves upon their enemies. At present 
there is a great disparity in the number of the sexes, — the women 
being few in number compared with the men ; and the children are 
yet fewer in proportion, say 76 females and 45 children to every 
100 adult males. We suspect that this diminution of population 
is incident to savage tribes on coming in contact with a more 
civilized people, and that after a time this diminution may cease, 
and a gradual Increase take place. Indeed, it is the opinion of in- 
telligent missionaries that the population is beginning to increase, 
and that in some parts of New Zealand — Taranaki, for instance — 
the number of births already exceeds the number of deaths. 
Missionary The present advanced condition of the Maori population is owing 
labours. mainly to the indefatigable and praiseworthy exertions of the mis- 
sionaries. The Rev. Samuel Marsden, the colonial chaplain in 
New South Wales, established the first mission of the Church of 
England in New Zealand in December 1814 ; and in 1821 the first 
Wesleyan mission station was founded by the Rev. Samuel Leigh. 
Eor many years the field appeared the' most unpromising, and no 
impression appeared to be made upon the native mind but at last 
complete success has followed the efforts made, and now all the 
inhabitants of New Zealand are nominally Christian. Cannibal- 
ism, polygamy, slavery, and other abominations of heathenism 
have disappeared. Life and property are perhaps as safe in New 
Zealand as in any country in the world. The missionaries have 
introduced the plough and all the useful arts of civilized life; they 
have reduced the language to writing, compiled grammars and dic- 
tionaries, and translated the Word of Grod and other works into the 
language of the Maori population, most of whom can now read and 
write. The progress of the natives in civilization has far surpassed 
the most sanguine anticipations of those who are competent to esti- 
mate the obstacles which have to be overcome in the transition of 
a w^ole people from savage customs to the decencies and comforts 
of civilized life. As agriculturists and traders, the Maori people 
occupy respectable positions ; some of their farms are highly creiRt- 
able to them ; and in bargain-making they manifest something of 
the caution and shrewdness of the Scottish character. Many of the 
chiefs are owners of steam flour-mills, and others possess small 
trading-vessels ; some are shareholders in colonial banks; and many, 
both of the chiefs and people, after selling portions of their land to 
the colonial government, have shown their appreciation of the 
security of an English title, and their faith in the additional value 
which will be given to it by European industry, by becoming pur- 
chasers of allotments for their own use. In addition to the Euro- 
pean missionaries who labour among them, almost every village 
has its native teacher and common school ; and there is an institu- 
tion for training native teachers at Turanga. Among the special 
friends of the Maori race we may mention the late governor. Sir 
George Grey, and that remarkable man. Bishop Selwyn. The 
Wesleyans have an institution at the “ Three Kings,’’ near Auck- 
land, for the training of Maori youths, which deservedly stands 
high, and, together with other kindred institutions, is exerting an 
important influence upon the more respectable class of the native 
population. There are other missions of minor importance carried 
ofi by the Roman Catholics and by a German society. 

The future The future of the Maori population is contemplated by pbilan- 
o( the thropists with intense interest. If the legislation of the British 
Maori po- colonies of NeV Zealand be in keeping with the general character 
pulation. of the colonists, and of the religion which they profess, the Maori 
■yViU, in one or two generations, become thoroughly identified in 
interests, views, a-nd feelings with the English population. It is, 
however, very dtisirable that means should he adopted at once to 
give thO chiefs and more respectable wealthy and educated natives 
ia. definite political and social position in connection with the local 
and general legislatures. Much uneasiness is already felt by the 


more intelligent natives at the fact of their political nothingness ; 
and one very large meeting was held last year (1857) to consider Zealand, 
the propriety of electing a king as the representative of the Maori v j- ^ 

people. This proposal has for the present been negatived ; but the ~ 
feeling which prompted it remains, and must be grappled with. 

The Rev. Robert Taylor, an experienced missionary, and Charles 
Hursthouse, Esq., a well-known colonist and writer on New Zealand, 
contemplating this difficulty from very different points of view, 
agree in recommending that a certain number of the high chiefs 
should have seats in the General Assembly, and that they should 
he placed in the magistracy of their respective districts, with suit- 
able salaries. We have no doubt that in all questions affecting the 
local interests of their respective districts and people, they would 
be valuable senators, legislators, and magistrates. It is gratifying 
to know that the feeling among the European population of New 
Zealand towards the aborigines is most friendly ; and no plans are 
so popular, or meet with more general support, than those which 
have the advancement of native interests for their object. 

The history of the discovery of these islands, and of History of 
European intercourse up to the year 1 809, will be found European 
in the article Australasia, § viii., vol. iv. The increase ^^^^^course 
of the whale fishery in the South Pacific Ocean led 
the settlement of numerous deserters from whale ships 
in various parts of New Zealand. This was followed by 
the establishment of whaling stations on the shores, which 
afforded opportunities for the introduction of many of the 
less reputable of the convict class from New South Wales. 

In the wake of these followed many reputable traders and 
settlers engaged in the timber trade, &c. A large Euro- 
pean population was thus planted principally in the northern 
part of the northern island, uncontrolled by any legitimate 
authority, and amenable to no law. Besides these irregu- 
lar settlements, there were a number of mission villages 
belonging to the Church of England and the Wesleyan 
missionary societies, exercising a measure of influence 
upon the natives and more respectable Europeans, and 
occasionally brought into trying circumstances through the 
conduct of the lawless portion of the European population, 
as well as from the violence and cupidity of the natives. 

The measures adopted at intervals by the imperial govern- 
ment, and by the colonial government of New South Wales, 
were not only partial and calculated rather to irritate than 
repress crime, but proceeded on assumptions of a contradic- 
tory character as to the right of interference, which after- 
wards caused much embarrassment to these authorities when 
compelled to take more decisive action. By the acknow- 
ledgment of the independence of the native chiefs in 1831, 
and again in 1835, and by the appointment of Mr Busby as 
consul and British resident, but with no means at his disposal 
to maintain his authority, the British government endea- 
voured to meet the necessities of the case, and to throw 
obstacles in the way of colonization. Other views influ- 
enced a large class of merchants and gentry in Great Britain ; 
and the New Zealand Company was formed in 1837, which, 
in the year 1839, received a charter, and immediately pro- 
ceeded to send out colonists to New Zealand. This move- 
ment obliged the British government to establish its autho- 
rity in the islands ; and in order to this, Captain Hobson 
was sent out in August 1839 as consul. The missionaries 
and respectable Europeans at once rallied around a legiti- 
mate authority; and in February 1840 a large council was 
held at Waitangi, when all the chiefs of that part of the island 
agreed to acknowledge the Queen’s supremacy — giving 
up,” as they said, “ the shadow of the land, but retaining 
the substance.” A second council was held at Hokianga, 
with similar results ; and then Captain Hobson, as lieuten- 
ant-governor, proclaimed the British sovereignty over the 
Isles of New Zealand, 21st May 1840. The seat of govern- 
ment was at first established at Russell, in the Bay of Islands, 
but in 1841 was removed to Auckland, the present capital ; 
and on the 3d May 1841 the colony was relieved from all 
dependence ipon New South Wales. Meanwhile, a French 
expedition, sent to occupy Banks’ Peninsula, in the middle 
island, was forestalled by Captain Stanley, who had pro- 
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Key. ceeded there a few days previously, and had planted the 
British flag. The New Zealand Company, which, by taking 
measures to colonize direct from England, had compelled the 
assumption of British sovereignty, planted its first settle- 
ments at Wellington, in Port Nicholson, and at Nelson in 
1839 ; the year following, Wanganui and New Plymouth 
were established. The difficulty in obtaining possession 
and satisfactory title to land purchased by them from the 
natives, and dissensions with the new government of New 
Zealand, retarded the progress of tliese infant settlements, 
and involved many respectable colonists in ruin. Some 
untoward events were attendant upon this rapid influx of 
emigrants. In 1 843 a fatal affray occurred at Wairau (in the 
middle island), in which a large party of European gentle- 
men were murdered in a dispute with certain natives respect- 
ing property in land. Two years after, the chief Heki raised 
the standard of rebellion in the northern island, and burned 
the town of Russell ; and in 1846 there were disturbances 
in the Hutt River district. In 1847 there were petty dis- 
turbances in Wanganui, since the suppression of which there 
has been peace in New Zealand with the native tribes. 
The example of the New Zealand Company was followed 
by an association of gentlemen connected with the Church 
of England, who, in 1848, formed the Canterbury settle- 
ment ; and the same year the Otago settlement was planted 
by gentlemen in connection with the Free Church of Scot- 
land. No other colonies separate and distinct from these 
six have been established in the islands. The proceedings 
of the New Zealand Company provoked much animadver- 
sion and controversy both in England and in the colonies 
which they had originated ; but to enter into the discussion 
of the merits of the case would require more space than 
can be afforded to this article, and, besides, would lead to no 
profitable result. The company was finally broken up in 
1851, and its debt of L.200,000 has been thrown upon the 
land revenue of the New Zealand colony, much to the 
annoyance of the people of Auckland, whose province was 
beyond the sphere of the Company’s operations. In order 
to reconcile the colony to this burden, a loan of L.500,000 
has been guaranteed by the imperial government for the 
purpose of local improvements, &c. (w. B. B.) 

NEY, Michel, a marshal and peer of France, was born 
at Sarrelouis on the 17th of January 1769. His father had 
been a soldier, but after the Seven Years’ War had re- 
tired to his native village, where he exercised the humble 
trade of a cooper. Young Ney had received his education 
at a school kept by the monks of St Augustin, under whom 
he appears to have made considerable progress in his studies; 
but being fired with military ardour by the recitals of his 
father, he early enlisted, in 1787, in a regiment of hussars, 
where he served for some time, and was a subaltern at the 
commencement of the Revolution. He then attained the 
rank of captain, in which capacity he made his first cam- 
paigns, acting as aide-de-camp to General de Lamarche, 
and afterwards as adjutant-general under the orders of 
IC15ber. This latter employment afforded him several op- 
portunities of distinguishing himself ; and he was commonly 
known by the well-merited surname of “ Indefatigable” be- 
stowed on him by his admiring general. In the official 
reports of the time honourable mention is made of him at 
the passage of the Lhan in 1795, and also at the combats of 
Neuwied, Altenkirchen, Montabaur, and Wurtzburg. On 
the 8th of August 1796 he took Pfortzheim, and was pro- 
moted to the rank of brigadier-general. In the campaign 
of 1797 he was again successful ; but his horse having been 
killed at the combat of Steimberg, he fell into the hands of 
the enemy. Hoche, who admired his undaunted courage, 
earnestly solicited his exchange, and, as soon as he had ob- 
tained it, appointed him general of division. It was in this 
capacity that, in 1798, Ney commanded the cavalry of the 
army which, under the orders of Schaumbourg, executed 
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the invasion of Switzerland. On this occasion he acted to- Key. 
wards the inhabitants with as much generosity as circum- 
stances would permit ; and the following year he acquired a 
great reputation under Massena, particularly at the battle of 
Zurich. In the year 1800 he served with the army of 
Moreau, and greatly distinguished himself both at Moes- 
kirch and at Hohenlinden. After the peace of Luneville 
he returned to Paris, and was received with great distinc- 
tion by Napoleon, who found him a wife in the person of 
Mademoiselle Augnie, a friend of Hortense Beauharnais. 

When Bonaparte wished to effect the entire subjugation of 
Switzerland, Ney was sent into that country with the title 
of minister plenipotentiary, and there seems to have won 
for himself the golden opinions of .the people and the esteem 
of his master. In 1804 he obtained the baton of marshal 
of the empire; and the distinguished part which he played 
in the storming of Elchingen, on October 4, 1805, induced 
Napoleon, who was an eye-witness of his impetuous daring, 
afterwards to honour him with the rank and title of Duke 
of Elchingen. After the capitulation of Ulm, being ordered 
to occupy the Tyrol, he entered Innspruck on the 7th of 
November, at the head of the sixth corps of the grand army, 
which he also commanded the following year in the contest 
with Prussia. Having contributed essentially to the victory 
of Jena, he appeared before Magdeburg, and, by a prodigy 
which still remains inexplicable, he, on the 11th of No- 
vember 1 806, in less than twenty-four hours, received the 
capitulation of that redoubtable fortress, made 23,000 pri- 
soners, and took 800 pieces of cannon. In the beginning 
of 1807 he obtained a signal success before Thorn, where 
the whole Russian army had advanced to attack him, hoping 
to surprise him in his winter quarters ; and, at a later period, 
he carried the town of Friedland at the battle of that name, 
which terminated the war in the north of Europe. But the 
war in which Napoleon found himself involved, if extin- 
guished at one point, was assiduously kept alive at others. 

Scarcely had he concluded a peace with the Russians at 
Tilsit, when he hurried away to attack the Spaniards ; and 
Marshal Ney, with his corps d’armee, was transported from 
the banks of the Niemen to those of the Ebro and the 
Tagus. The marshal, finding himself obliged to carry on 
a war of posts and of chicane in Galicia, lost a great number 
of men in this inglorious service, and with difficulty main- 
tained his ground till the moment when he received orders 
to unite his corps with that of Massena, who had been sent 
in order to expel the English from Portugal. But this was 
found to be impracticable. It was judged that the lines of 
Torres Vedras could not be attacked with any prospect of 
success ; and when Massena found himself constrained to 
retire before the Duke of Wellington, Ney commanded his 
rearguard, and in that difficult retreat displayed equal talent 
and courage. In 1812 he was recalled by Napoleon to 
assist in the approaching invasion of Russia, for which an 
army of more than four hundred thousand men had been 
assembled on the Vistula. At the terrible battle of Mojalsk 
or Borodino Ney commanded the centre ; and it was on 
this occasion, amid the carnage of a conflict unequalled in 
modern times, that “ the bravest of the brave,” as Ney was 
called by the army, earned the title of Prince of Moskwa. 

Nor did he display less valour and firmness in the disastrous 
retreat from Moscow, in which his corps almost entirely 
perished. Napoleon, in one of the bulletins of the army, 
designated him as having a soul tempered with steel. In 
1813 Ney participated in the indecisive victories of Lutzen 
and Bautzen ; but he had the misfortune to lose the battle 
of Dennevitz, where he was defeated by Bernadotte and 
Bulow, with the loss of 13,000 men, 43 pieces of cannon, 
and 3 standards. This event made a deep impression upon 
his mind. Napoleon, according to St Cyr, manifested no 
displeasure at the reverse, but ascribed it wholly to the 
peculiar difficulties of the military art. Ney returned, 
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JTey, however, to Paris in a sort of disgrace. Nevertheless, he was 

again employed in the unfortunsCte winter campaign of 1814 ; 
and he was at Fontainebleau when Napoleon was compelled 
to abdicate. Ney contributed materially to bring about this 
event ; and he was one of the first generals who submitted 
to the Bourbons. Having presented himself before Mon- 
sieur on the 12th of April, he said to that prince, “ Your 
Royal Highness will see with what fidelity we can serve 
our legitimate king.” He also went to pay his respects to 
the king at Compi^gne, and was there most favourably 
received. Louis XVIII. himself received his oath as a 
chevalier of the order of Saint-Louis, confirmed to him all 
his titles and pensions, and created him a peer of France. 
Marshal Ney was living at his estate of the Coudreaux when 
Napoleon, having escaped from the island of Elba, landed 
on the coast of France in February 1815 ; and he there 
received orders from the minister of war to repair to his 
government of Besanpon. He immediately proceeded to 
Paris, and presenting himself before the king, made great 
protestations of devotion, and, kissing the hand of Louis, 
declared to him that he would bring back the disturber of 
Europe in an iron cage. He then set out for the eastern 
frontier, assembled some regiments at Besangon, and placing 
himself at their head, proceeded towards Lyons. At Lons- 
le-Saulnier, however, he learned that Napoleon had already 
entered Lyons ; and from this time great agitation mani- 
fested itself amongst the troops. Nevertheless, the marshal 
himself still appeared faithful to the king, and even ex- 
erted himself to calm the excitement which prevailed in 
the army; but in the night between the 13th and 14th 
of March, an emissary sent by General Bertrand brought 
him proclamations and letters from Napoleon. His old 
master knew well that the heroic marshal was much more 
at home in the field of battle than amid the mazes of po- 
litical intrigue. Bonaparte accordingly made him brilliant 
promises, and styled him, as formerly, the bravest of the 
brave.” The marshal could not resist the seductions of 
the great genera], and next day he read to the troops his 
famous proclamation, beginning with these words, “ The 
cause of the Bourbons is for ever lost. It is the Emperor 
Napoleon, our sovereign, who is alone entitled to reign.” 
His whole conduct during the Hundred Days was a conse- 
quence of this step. Napoleon sent him as extraordinary 
commissioner to survey the frontiers of the North, and also 
appointed him a member of his Chamber of Peers. In the 
short but decisive campaign which ensued he displayed all 
his accustomed gallantry. At Quatre-Bras, however, his 
usual success did not attend him. Five' horses were shot 
under him at Waterloo ; yet with a dauntless spirit, which 
no danger could quell, he headed the terrible charge of the 
guards on foot, his clothes pierced thick with balls. And 
when that fierce conflict was over, and his wild daring 
proved bootless, he was among the last to leave the bloody 
field. After the defeat of the French army he returned to 
the capital. When Paris capitulated, Ney, having no hopes 
of finding favour with the Bourbons, took refuge in Au- 
vergne, where he was arrested in consequence of the ordi- 
nance of the 24th of July, in which he was described as 
one of the authors of the revolution of tlie 20th March. 
Being conducted to Paris, he was confined in the Concier- 
gerie, subjected to several interrogatories, and at length 
brought before a court-martial, composed of marshals of 
France and lieutenant-generals, to whose competency he 
objected. His counsel insisted much upon this point, in 
which they were ultimately successful ; the members of the 
court being glad to escape from an embarrassing position, 
by pronouncing their own incompetence to try the prisoner. 
By an ordinance of the king, Ney was then brought before 
the court of the peers, whose competency was not disputed. 
But his counsel remonstrated warmly against the ex- 
pressions employed by the ministers, who had declared that 
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it was “ in the name of Europe ” that they demanded his Xeyva 
trial ; and the same learned persons appealed with much II 
force and eloquence to the conditions of the capitulation of 
Paris, which guaranteed to all who were within the walls of 
the capital that they should neither be disturbed nor sought 
after on account of their political conduct. All their efforts 
to save their client were, however, unavailing. After fifteen 
sittings. Marshal Ney was condemned to death, on the 6th 
of December 1815, by a large majority; and the following 
day the sentence was carried into execution. He who,” 
says Napier {Peninsular War, vol. ii.), “ had fought 500 
battles for France — ^not one against her — was shot as a 
traitor ” by a platoon of veterans, near the palace of the 
Luxembourg, where he had been condemned; and displayed 
in his last moments the same heroic courage which had so 
often distinguished him in the field of battle. His body 
was given to his friends, and conveyed to the cemetery of 
P^re la Chaise, where his tomb may now be seen. Marshal 
Ney and Colonel Lab6doy^re were the only victims of a 
revolution where it is evident that neither played the prin- 
cipal part, and that both were led away by the force of cir- 
cumstances, and the spell whicli Napoleon exercised over 
the minds of the officers as well as the common soldiers of 
the army. (j. b — js.) 

NEYVA, or Neiva, a town of New Granada, on the 
Magdalena, at its confluence with the River Neyva, 130 
miles S.W. of Bogota. It is a place of considerable trade, 
chiefly in cacao of excellent quality. It suffered mucli 
from an earthquake in 1827, but is still a place of some 
importance. 

NGAMI, a lake of Southern Africa, lying between S. 

Lat. 20. 23. and 20. 40.; E. Long. 22. 30. and 24. 

Reports of the existence of this lake had been received a 
long time before it was actually reached by European tra- 
vellers; it occurs on Portuguese maps as early as 1508; 
and its position was laid down with considerable accuracy 
nearly twenty years before it was visited by Livingston, 
Murray, and Oswell, July 28, 1849. They approached 
it from the south, having crossed the Kalahari Desert, 
which had fora long time presented an insuperable obstacle 
to any attempts to explore the country in this direction. 

Four years afterwards the lake was again reached by Mr 
Anderson, who, following a course which had been for- 
merly deemed impracticable, started from Walfisch Bay, on 
the W. coast of Africa, arrived at the western end of the 
Ngami, and then travelled round a great part of its banks. 

The discovery is of very great interest and importance, 
not only because it enlarges our knowledge of the geo- 
graphy and natural history of the interior of Africa, but 
also as it may tend to open up those hitherto inaccessible 
regions to the influences of commerce, civilization, and reli- 
gion. The lake is known by the natives under various names, 
derived from its different characteristics, such as Inghate, 
or the ‘‘ Giraffe Noka ea Mokorbn, or the ‘‘ Lake of 
Boats,” &c.; but that which has been adopted by Europeans 
is Ngami, which signifies “ The Waters.” Its size was at 
first somewhat over-estimated, on account of the low and 
almost un distinguish able character of part of its banks, and 
in consequence of the original discoverers having mistaken 
its length for its breadth. It extends from E. to W., hav- 
ing a length of about 40 miles, a breadth at the widest 
part of 10, and an average breadth of 8 miles. Its circum- 
ference is about 70 or 80 miles, and its area about 295 
square miles. Its shape is somewhat like that of a pair of 
spectacles, being narrow in the middle and spreading out 
at each end to a considerable width. Its northern bank is 
lined by a low and sandy tract of country, entirely destitute 
of vegetation. This region has a breadth of about a mile, 
beyond which distance the country is thickly wooded with 
various kinds of acacia and other trees, among which the 
enormous baobab is here and there seen raising its head 
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Ngami, above the forest. The southern and western shores are 
considerably higher ; and the water is bordered by strips 
of ground so thickly covered with reeds and rushes as to 
admit of access to the lake only at a few points. The 
water is very shallow at the western end of the lake ; but 
the depth is more considerable towards the eastern extre- 
mity. A remarkable peculiarity of the waters of the Ngami 
is, that they are subject to a regular ebb and flow every 
twenty-four hours. The ebb takes place during the night, 
when the wind that prevails during the day entirely fSls, 
but in the morning the waters return to their original 
position. This curious phenomenon has been supposed 
to depend on the wind. Lake Ngami is fed by the 
Teoge, which enters it from the N.W., and discharges into 
it a considerable volume of water during the time of its 
annual rise, which occurs in June, July, and August, and 
sometimes later. This river has not as yet been ex- 
plored to any great distance; -but it is believed to be of 
great length, rising probably near the sources of the Coanza 
and other large rivers. Its course is very circuitous, and it 
is said to be wider further up than it is near the lake. 
During the time of flood its depth is considerable ; and it 
has been navigated with canoes for about 65 miles from the 
lake. An outlet to the waters of the lake is furnished at 
its eastern extremity by the broad and gently-flowing river 
Zouga, which pursues an easterly course for about 300 
miles, and is then lost in an immense sandy marsh, though 
it has been supposed by some that it pursues its course 
underground, and finally discharges itself into the Indian 
Ocean. A branch of the Teoge is said to join this river, 
and at some seasons of the year to force back its waters to 
the lake. The scenery along the Zouga is extremely beau- 
tiful, and the thick and luxuriant forests in many places 
extend to the very edge of the water. To the west of the 
Teoge two other rivers are reported to exist, one of which 
is small, and loses itself in the sand; while the other flows 
parallel to the Teoge, but in an opposite direction, and 
joins the Cunend, a river which falls into the Atlantic. By 
this latter river it is probable navigation might be estab- 
lished from the sea-coast to the fertile land in the interior. 
A great number of wild animals are found in the neigh- 
bourhood of the lake, of w^hich the elephant, rhinoceros, 
bufialo, giraffe, and antelope, are the [principal. Hippo- 
potami are numerous, especially at the north-western ex- 
tremity of the lake; and the rivers and lake abound in 
otters and crocodiles. The birds of this region are also 
many and various, including many species of ducks and 
geese, herons, storks, cranes, &c. The inhabitants of the 
lake country are called Batoana^ and form a small tribe of 
the large and powerful family of the Bechuanas, who are 
widely spread throughout Southern Africa. This tribe, 
however, is not aboriginal in this district, but has only re- 
cently settled here, having conquered and reduced to slavery 
the original inhabitants, who called themselves Bayeye^ or 
men f but are styled by the Batoana, Bakoha, or “ serfs,’' 
in consequence of their condition. The appearance of the 
Batoana is handsome ; but the women are generally short 
and stout, and they encumber themselves with numerous 
strings of beads, and with iron, brass, and copper rings on 
their arms and legs. They smear their bodies with grease 
and red ochre, which they conceive to be a much superior 
practice to crashing themselves. They are extremely fond 
of snuff, and indulge much, especially the women, in the 
habit of smoking. The principal occupations of the men 
are, war, hunting, and the making of skins and furs into 
garments ; while to the women are left the more arduous 
tasks of building the house, cultivating the ground, pre- 
paring the corn, and rearing the family. They are not de- 
ficient in intelligence, but this for the most part takes the 
form of deceitfulness and cunning ; and though outwardly 
they are frank and well-behaved, this arises rather firom their 
VOL. XVI. 
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habits of politeness and etiquette than from real kind[ime.ss Nganhoel 
of disposition. They are much given to revenge, but easily J1 
appeased by presents. The prevailing vice among this 
people is theft, and even their chiefs are not safe from their 
pilfering propensities. They have no religion, nor any 
notions of a Supreme Being ; but they believe implicitly in 
wizards, and especially ' in the rain -makers,” although they 
frequently put them to death when disappointed in their 
expectations. The government is monarchical and patri- 
archal, each tribe being governed by a chief, who resides 
in the principal town, and has under him several inferior 
chiefs at the head of the smaller towns and villages. These 
inferior chieftains maintain a check on the power of the 
king, which is in other respects despotic. They as- 
semble in meeting called pichos^ where speeches are often 
heard of considerable ability and even eloquence. The 
principal town., of the Batoana tribe is situated at the east 
end of the lake, on the north bank of the Zouga. The 
principal articles of commerce that have yet been found 
in the lake district are hides and furs of different sorts, 
ostrich feathers, rhinoceros’ horns, and ivory; while the 
natives demand in exchange beads and ammunition, but 
especially the latter. (See Lake Ngami ; or^ Explora- 
tions and Discoveries during Four Yeari Wandering in 
the Wilds of South-Western Africa^ by Charles John 
Anderson, London, 1856 ; and Livingston’s Travels and 
Memoirs!) 

NGANHOEI, an inland province of China, bounded on 
the N.E. by Kiangsoo, S.E. by Chekiang, S. by Kiangsee, 

W. and N.W. by Houpe and Honan. It lies between N. 

Lat. 29. 5. and 34. 18., and E. Long. 114. 50. and 119. 

17. ; and has an area of 48,461 square miles. The surface 
for the most part is level ; but towards the south and west 
ranges of hills occur, never, however, rising to any great 
height. The principal rivers are the Yang-tse-Kiang 
and the Hoai-ho, with their affluents. There are several 
lakes, of which the Chau-hu, or Nest Lake, is the largest. 

Mines of gold, silver, copper, &c., are worked ; and the 
soil is very productive, especially of green tea, in the south- 
eastern regions, which are the best in China for the growth 
of this plant. Ink and lanterns are the principal manu- 
factures of the province. Pop. 34,168,059. 

NIAGARA. See Canada. 

NICiEA {Ishnik or Isnik\ a well-built and important 
city of Bithynia, stood in a spacious and fertile plain on the 
eastern shore of the Lake of Ascania {Lake of Isoiik), 

According to one tradition, it was built by some of Alex- 
ander’s soldiers, natives of Nicsea in Locris, and derived 
its name from the birth-place of its founders. Another ac- 
count, however, states that it was erected on the ruins of a 
former town (Ancore or Helicore), by Antigonus, and was 
called after him Antigoneia^ and that this name was after- 
wards changed into Nicaea, in honour of Nicaea, the wife of 
Lysimachus. The town enjoyed a long career of prosperity 
under the different governments that successively ruled over 
it. Under the native kings of Bithynia it was important 
enough to compete with Nicomedia for the honour of being 
considered capital of the country. During its subjection 
to the Romans many of its public buildings were restored, 
and its streets were often the scene of the celebration of 
great festivals in honour of the emjperors and the gods. In 
the time of the Eastern Empire the city was enlarged, was 
surrounded with new walls, and became famous throughout 
Christendom as the place where, in 325 a.d., the Nicene 
creed was drawn up. (See Nice, Council of) After be- 
ing during the middle ages a frequent subject of dispute 
between the Turks and the Christians, it was constituted 
by Theodore Lascaris, in the thirteenth century, the capital 
of Western Asia. At length, however, in the fourteenth 
century, on being incorporated with the Ottoman empire 
by the Emir Orchan, Nicaea began to decline in prosperity. 
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BTicsea Many of the fine Greek temples and churches were then 
II pulled down to fiirnish materials for mosques and other 

Moaragna.- buildings. From that time the large city gradually dwindled 
down until, in the present day, it has become a poor paltry 
village of little more than a hundred houses. Yet many 
ruined baths and edifices standing amid gardens and corn- 
fields, and a large portion of the ancient walls, still indicate 
to the visitor tlie splendour and magnitude of the ancient 
]N^iC20cl* 

NiCiEA, a town of Liguria. See Nice. 

NICANDER, the author of two Greek poems on poisons 
and antidotes, was a native of Claros near Colophon in 
Ionia, and flourished in the second century B.C., in the 
reign of Attains, the last king of Pergamus. He succeeded 
his father Damnseus in the hereditary office of priest of 
Apollo Clarius. His poems show that he possessed a fine 
talent for observation, and was fully equal to the other 
naturalists of his own age. The other features, however, 
of his literary character are not so favourable. His dis- 
sertations were unmethodical and often prolix ; he was ever 
on the outlook for obsolete and antiquated expressions, 
which must often have rendered his meaning obscure even 
to his contemporaries ; and almost the only quality of the 
poet he evinced was a fondness for the strange and the 
fabulous. The longer of his two extant poems is entitled 
Theriaca^ treats of the wounds inflicted by poisonous ani- 
mals, and consists of nearly a thousand hexameter verses. 
Among the curious zoological passages which are found 
heterogeneously mingled with erroneous doctrines and ab- 
surd fables, are the first account ever given of the moths 
that flutter round the evening candle, and an interesting 
description of the resistance that the serpents make in de- 
fence of their eggs against the ichneumon. The othei- 
poem, entitled Alexipharmaca^ is a treatise, as its name im- 
plies, on antidotes, and contains more than 600 hexameter 
lines. It seems to have been intended for a continuation 
of the Theriaca, and accordingly it gives an account of the 
efiect of different poisons. A full analysis of the medical 
portions of these two poems* is given in Dr Adams’ edition 
of the work of Paulus iEgineta. Nicander was the author 
of several other productions, both prose and poetical, of 
which little more than the titles remain. The best edi- 
tion of his works, entire and fragmentary, is that of J. G. 
Schneider, in two volumes, published respectively at tialle 
in 1792, and at Leipsic in 1816. 

NICARAGUA, an independent republic, formerly one 
of the states of the Republic of Central America, and, 
under the Spanish dominion, one of the provinces of the 
captain-generalcy, called also the kingdom, of Guatemala. 
The boundaries claimed by the republic of Nicaragua are 
those which pertained to it as a province, viz., — the Carib- 
bean Sea on the E., from the lower or Colorado mouth of 
the San Juan River to Cape Gracias a Dios; and the 
Pacific Ocean on the W., from the mouth of the Rio Salto 
de Nicoya or Alvarado on the Bay of Nicoya to the Bay 
of Fonseca. On the N., and separating it from Honduras, 
its boundary extends from the mouth of the Rio Negro, 
falling into the Bay of Fonseca, to the head- waters of the 
Rio Wanks or Segovia, following down that river to the 
sea at Cape Gracias. Its southern boundary, separating it 
from Costa Rica, is claimed to be a right line drawn from 
the Colorado mouth of the San Juan river to the mouth of 
the Rio Salto de Nicoya. Nicaragua is, therefore, em- 
braced between 83. 20. and 87. 30. W. Long., and 9. 45. 
and 15. N. Lat., and, according to these claims, embraces 
an area of not far from 59,000 square miles. 

A considerable part of this territory, however, embracing 
the entire Atlantic coast, with an undefined extent inland, 
from the River San Juan to Cape Gracias, has been claimed 
on behalf of the Mosquito Indians (see Mosquito Shobb) ; 
but the claim has never been conceded by Nicaragua. The 
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whole territory south of the River San Juan, and below the Nicaragua, 
little River Flores, flowing into the Pacific, embracing the 
ancient department of Guanacaste, has been claimed by 
Costa Rica, and is at present in the actual occupation of 
that state. Should these claims be ultimately admitted, they 
will reduce by nearly one half the territorial area of the re- 
public. 

The geographical and topographical features of Nicaragua 
are not only remarkable, but interesting to the world at 
large, from the facilities which they are supposed to afford 
for opening a ship-canal between the Atlantic and Pacific 
Oceans. The northern part of the republic, embracing the 
whole of the district of Segovia, and a portion of Chontales, 
borders on the high grounds or plateau of Honduras, and 
partakes of its mountainous character. The valleys are 
narrow, and the numerous streams which flow through them 
rapid and turbulent. The hills are clothed with pines and 
oaks, and the aspect and climate of the region are those of 
the temperate zone. Here are found numerous rich mines 
of gold, silver, and copper ; and many of the streams carry 
gold in their sands, whence it is washed in considerable 
quantities by the Indians. To the southward of this ele- 
vated district, and between it and the high mountain group 
or centre of elevation in Costa Rica, is the great basin of 
the Nicaraguan lakes, lying transversely to the great range 
of the Cordilleras, and completely interrupting it. It is 
precisely this physical feature which has directed attention 
to Nicaragua, as probably the best point where the oceans 
may be connected by a canal. This great basin or valley 
is not far from 300 miles long by 150 miles wide, and con- 
sists in great part of broad, beautiful, and fertile plains. In 
its centre are spread out the Lakes of Nicaragua and 
Managua, which collect the waters flowing inward from 
every direction, and discharge them through a single out- 
let, the Rio San Juan, into the Caribbean Sea. Some of 
tlie streams flowing into these lakes, especially those from 
tlie north, are of considerable size, and furnish a supply of 
water which could not be sensibly affected by drains for 
artificial purposes. Lake Managua is a beautiful sheet of 
water, nearly 50 miles long by 25 broad, and with an 
average depth of 5 fatlioms of water. It approaches, at the 
nearest point, to within 20 miles of the Pacific Ocean, from 
which it is separated on the south by a range of low vol- 
canic hills ; but between its northern extremity and the sea 
there are only the magnificent plains of Leon and El 
Conejo, in the midst of which rise the regular cones of the 
volcanoes of El Viejo, Telica, and Axusco. The gigantic 
volcano of Momotombo stands out boldly into the lake ; its 
bare and blackened summit, which no human foot has ever 
pressed, crowned with a light wreath of smoke, attesting the 
continued existence of those internal fires which have seamed 
its steep sides with burning floods, and which still send forth 
hot and sulphurous springs at its base. Upon the northern 
and eastern shores of the lake, lifting their blue, rugged 
peaks one above another, are the mountains of Matagalpa, 
gradually merging into those of Segovia, rich in metallic 
veins. Upon the south and west are fertile slopes and 
broad plains, covered with luxuriant verdure, and of almost 
unlimited productiveness ; while in the lake itself stands the 
Island of Momotombita, an almost perfect cone in outline, 
covered with a dense forest, in the deepest recesses of 
which are still found gigantic idols, the rude relics of abori- 
ginal superstition. The town of Leon was first built on the 
north-western shore of the lake, at a place now called Moa- 
bita, which was subsequently abandoned for its present site, 
in the midst of the great plain of the Marabios. From this 
circumstance the lake is sometimes called Lake Leon. The 
great feature of Nicaragua, however, is the lake of the same 
name, the Cocibolcaof the aborigines, which is unquestion- 
ably one of the finest bodies of water on the American con- 
tinent. It is upwards of 1 00 miles in greatest length, by about 
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Nicaragua. 40 miles in average width. Upon its southern shore, near 
the head of the lake, stood the ancient city of Granada, 
lately the rival of Leon, and once the most important com- 
mercial town in the republic. A few miles below Granada, 
and projecting boldly into the lake, is the extinct volcano 
of Mombacho, 5000 feet in height. Studding the lake at 
its base, is a cluster of innumerable small islands called Los 
Cor ales ^ of volcanic origin, rising in the form of cones to 
the height of from 20 to 100 feet, and covered with ver- 
dure. Upon the same shore with Granada, but 40 miles 
distant, is the ancient city of Rivas or Nicaragua, the 
capital of a large, fertile, and comparatively well cultivated 
district. Flowing into the lake, at its extreme southern 
extremity, nearly at the same point where the Rio San 
Juan (the ancient JBl Desaguadero) commences its course, 
is the considerable Rio Frio, which has its origin at the 
base of the great volcano of Cartago in Costa Rica. It 
flows through an unexplored region, inhabited by an un- 
conquered and savage tribe of Indians called Guatusos, of 
whose ferocity the most extraordinary stories are related. 
The northern shore of the lake, called Chontales, for the 
most part is undulating, abounding in broad savannas, well 
adapted for grazing, and supporting large herds of cattle. 
There are a number of considerable islands in the lake, the 
largest of which are El Tapatero, Solentenami, and Omo- 
tepec. The two former are deserted, but the latter has a 
considerable population of Indians of the pure Mexican or 
Aztec stock. This island is distinguished by two high co- 
nical mountains or volcanic peaks, called respectively Omo- 
tepec and Madeira, which are visible from every part of the 
lake, and from a distance of many leagues on the Pacific. 
The name of the island, in the Nahuatl or Mexican lan- 
guage, signifies ^‘two mountains,” from ome, two, mAtepeCy 
mountain. The water of the lake, in most places, shoals 
very gradually ; and it is only at a few points that vessels 
of considerable size may approach the shore* Still, its 
general depth, for all purposes of navigation, is ample, ex- 
cept near its outlet, where for some miles it does not ex- 
ceed from 5 to 10 feet. There are points, however, where 
the depth of water is not less dian 40 fathoms. The pre- 
vailing winds on the lake, as indeed of the whole state, are 
from the N.E. ; they are, in fact, the Atlantic trades, which 
here sweep entirely across the continent, and encountering 
the conflicting currents of air on the Pacific, form those 
baffling revolving winds, detested by navigators, under the 
name of Papagayos. When the winds are strong the 
waves of the lake become high, and roll in with all the 
majesty of the ocean. At such times the water of the lake 
is piled up, as it were, on the southern shore of the lake, 
occasionally producing overflows of the low grounds. As 
the trade winds are intermittent, blowing freshly in the 
evening, and subsiding towards morning, the waters of the 
lake seem to rise and fall accordingly; and this circum- 
stance gave rise to the notion, entertained and promulgated 
by the ancient chroniclers, that the lake had a regular tide 
like that of the sea. Some of them imagined, in conse- 
quence, that it communicated with the ocean by a subter- 
ranean channel. As already observed, the sole outlet of 
the great Nicaraguan basin, and of the lakes just described, 
is the River San Juan, debouching into the Caribbean 
Sea, at the now well-known port of San Juan (Greytown). 
This river is a magnificent stream, but its capacities have 
been greatly exaggerated, as will be seen in the paragraphs 
referring to the proposed ship-canal. It flows from the 
south-eastern extremity of Lake Nicaragua, nearly due east 
to the ocean. With its windings it is 119 miles long. 
The body of water which passes through it varies greatly 
at different seasons of the year. It is, of course, greatest 
during what is called the “ rainy season that is to say, 
from May to October. To this variation, in some degree, 
may be ascribed the wide difference in the statements of the 


depth and capacity of the river made by different observers. Nicaragua. 
Several considerable streams enter the San Juan, the 
largest of which are the San Carlos and Serapiqui, both 
rising in the highlands of Costa Rica. The* streams flow- 
ing in from the north are comparatively small ; indicating 
that the mountains are not far distant in that direction, and 
that upon that side the valley is narrow. The Serapiqui is 
ascended by canoes to a point about 20 miles above its 
mouth, where commences the road, or rather mule-path, to 
San Jos§, the capital of Costa Rica. About midway be- 
tween the lake and the ocean, on the south bank of the 
river, are the ruins of the old fort or castle of San Juan, 
captured by the English in 1780. The expedition against 
it was commanded by Colonel Poison, with captain, after- 
ward Lord Nelson, as second in command. Of 200 men 
under Nelson, drawn from his vessel, die Hinchenbrook, 
but ten returned to the coast. At one time, besides this 
fort, another at the head of the river (San Carlos), and a 
third at its mouth, the .Spaniards kept up not less than 
twelve military stations on its banks. The width of the 
river varies from 100 to 400 yards, and its depth from 2 to 
20 feet. It is interrupted by five rapids, — ^viz., Rapides del 
Toro, del Castillo, de los Valos, del Mico, and Machuca. 

The Machuca rapids are the largest, and in many respects 
the worst in the river. For a distance of nearly half a mile 
the stream is spread over a wide and crooked bed, full of 
large rocks projecting above the surface, between which the 
water rushes with the greatest violence. They are con- 
sidered dangerous by the native boatmen, who are only en- 
abled to ascend them by keeping close to the northern 
shore, where the current is weakest, and the bed of the 
river least obstructed. Here the bougos or boats are 
pushed up by main force. The late Transit Company lost 
a number of their small steamers on these rapids, which, 
without great artificial improvement, must remain an in- 
superable obstacle to regular steam navigation on the river. 

The rapids of El Castillo are short, and deserve rather the 
name of falls. Here the water pours over an abrupt ledge 
of rocks, falling 8 feet in *but little more than the same 
number of yards. Bougos are unloaded here, and the 
empty boats trucked past by men stationed there for the 
purpose. The steamers of the Transit Company did not 
attempt to pass these rapids, the passengers and merchan- 
dise being transferred by means of a tram-road to vessels 
above. The remaining rapids, although formidable ob- 
stacles to navigation, do not require a special description. 

The banks of the San Juan, for 20 miles from the lake, and 
for about the same distance above its mouth, are low and 
swampy, lined with palms, canes, and a variety of long 
coarse grass called gamalote. Elsewhere the banks are 
generally firm, in some places rocky, from 6 to 20 feet 
high, and above the reach of overflows. They are every- 
where covered with a thick forest of large trees, draped all 
over with Hanes or woodbines, which, with the thousand 
varieties of tropical plants, form dense walls of verdure on 
both shores of the stream. The soil of the river- valley seems 
uniformly fertile, and capable of producing abundantly all 
tropical staples. Like the Atrato, the San Juan river has 
formed a delta at its mouth, through which it flows for 18 
miles, reaching the sea through several channels. ^ The 
largest of these is the Colorado Channel, which opens directly 
into the ocean ; the next in size is that which bears the 
name of the river, and flows into the harbour of San Juan. 

Between the two is a smaller one called Tauro. This delta 
is a maze of low grounds, swamps, creeks, and lagoons, the 
haunts of the manati and alligator, and the homes of in- 
numerable varieties of water-fowl. The port of San J uan 
(Greytown) derives its principal importance from the fact 
that it is the only possible eastern terminus for the pro- 
posed inter-oceanic canal, by way of the River San J uan 
and the Nicaraguan lakes. It is small, but well protected^ 
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IS'icaragua. easy of entrance and exit, and has a depth of water vary- 
ing from 3 to 5 fathoms* Upon the Pacific the best port 
of the republic is that of Realejo, anciently Posession, which 
is capacious and secure, but difficult of entrance. The 
little bay of San Juan del Sur, which was used as the Pacific 
port of the late Transit Company, is small and insecure, 
and scarcely deserves the name of harbour. The same may 
be said of the so-called ports of Brito and Tamaranda. A 
good port is said to exist on Salinas Bay ; but this falls on 
that part of the coast in dispute with Costa Rica. 

Next to its great lakes, the most striking physical fea- 
tures of Nicaragua are its volcanoes, which bristle along 
its Pacific coast, in nearly a right line, from the Bay of 
Fonseca to that of Nicoya. Commencing at the volcano of 
Cosequina, we come in order to El Viejo, Santa Clara, 
Telica, Las Pilas, Orota, Axusco, Momotombo, Masaya 
or Nindiri, Mombacho, Ometepec, Madeira, Solentanami, 
and Orosi, of which Cosequina, Momotombo, Masaya, and 
Orosi are said to be vivo^ or active. Besides these volcanic 
peaks, there are numerous ancient craters and fissures giving 
ibrth smoke and sulphurous vapours, called Infernillos. At 
the time of the conquest of Nicaragua, in 1520, the vol- 
cano of Masaya, then called the “ Hell of Masaya,” was in 
active eruption. Oriedo, the chronicler of the Indias, has 
left us a graphic account of it as it then appeared. It has 
had one or two violent eruptions since that period, and 
after more than half a century of quiescence, is now (1857) 
throwing out volumes of smoke, and giving other evidences 
of renewed activity. It is alow, broken mountain, and the 
country for miles around its base is covered with lava. The 
volcanoes on the plain of Leon, known as Los Marabios, 
w^ere also active at the period of the conquest ; and as late 
as Dampier’s time, El Viejo was ‘‘ a volcano or burning 
mountain.” Momotombo to this day sends out a constant 
column of smoke, and an occasional cloud of ashes. The erup- 
tion of the volcano of Cosequina in 1835 was one of the most 
fearful on record. It commenced on the 30th of January 
of that year, and continued with uninterrupted violence for 
four days, and then suddenly ceased. For three days the 
clouds of smoke and sand which it sent forth totally ob- 
scured the sun for the distance of a 100 miles. Sand fell 
in Jamaica, in Santa Fe de Bogota, and in Mexico, over 
an area of more than 1500 miles in diameter. The explo- 
sions were heard 800 miles; and a ship off the coast sailed 
for 50 leases through floating masses of pumice, which 
almost entirely concealed the surface of the water. Since 
1835 this volcano has remained perfectly quiet, with no 
signs of activity, except a few rills of smoke and vapour, 
indistinguishable at a distance. The volcano of Orosi is 
in a state of constant activity. Besides the volcanoes them- 
selves, and the hundred yawning craters amongst the 
hills, there are numerous lakes of volcanic origin, shut in 
by vitrified, blistered, and precipitous walls of rock, without 
outlets, and often of great depth. Such is the remark- 
able Lake of Masaya, near the volcano of the same name, 
which furnishes water, not only to the considerable town 
of Masaya, but also to the inhabitants of numerous villages 
in its vicinity. It is about 10 miles in circumference, 
and its surface 500 feet below the general level of the 
country. The water is reached by steep, narrow paths, 
half cut in the rock, and is carried up by the aquadoras 
in jars, supported on their heads, or on their backs, by 
bands passing around their foreheads. In some of these 
volcanic lakes the water is fresh and good; in others salt 
and bitter. Perhaps no equal extent of the earth’s sur- 
face exhibits so many or so marked traces of volcanic 
action as that part of Nicaragua intervening between its 
lakes and the Pacific Ocean. 

f Nicaragua, except among the mountains 

Chontales and Segovia, is essentially tropical, but never- 
theless considerably modified by a variety of circumstances. 


The absence of high mountains towards the Atlantic, and Nicaragua, 
the broad expanse of its lakes, permits the trade-winds 
here to sweep entirely across the continent, and to give to 
the country a degree of ventilation agreeable to the senses, 
and favourable to health. The region towards the Atlkntic is 
unquestionably warmer, more humid, and less salubrious, 
than that of the interior, and of the country bordering on the 
Pacific. The Nicaragua basin proper, and within which 
the bulk of its population is concentrated, has tvro distinctly 
marked seasons, the wet and the dry ; the first of which is 
called summer, the latter winter. The wet season com- 
mences in May, and lasts until November ; during which 
time, but usually near the commencement and the close, 
rains of some days’ duration are of occasional occurrence, 
and showers are common. The latter do not often happen 
except late in the afternoon, or during the night. They are 
seldom of long continuance, and often days and weeks 
elapse, during what is called the rainy season, without a 
cloud obscuring the sky. Throughout this season, the 
verdure and the crops, which, during the dry season, be- 
come sere and withered, appear in full luxuriance; the 
temperature is very equable, differing a little according to 
locality, but pursuing a very nearly uniform range from 
78° to 88° of Fahrenheit; occasionally sinking to 70° in the 
night, and rising to 90° in the afternoon. During the dry 
season, from November to May, the temperature is less, 
the nights positively cool, and the winds occasionally chil- 
ling. The sky is cloudless ; and trifling showers fall at rare 
intervals. .The fields become parched and dry, and the 
cattle are driven to the borders of the streams for pastur- 
age; while in the towns the dust becomes almost insuffer- 
able. It penetrates everywhere, sifting through the cre- 
vices of the tiled roofs in showers, and sweeping in clouds 
through the unglazed windows. This season is esteemed 
the healthiest of the year. Its effect is practically that of 
a northern winter, checking or destroying that rank and 
ephemeral vegetation which, constantly renewed where the 
rains are constant, as at Panama, form dense, dark jungles, 
the birth-places and homes of malaria and death. For the 
year commencing September 1850, and ending September 
1851, the thermometer at the town of Rivas gave the 
following results: — Mean highest, 86°‘45 of Fahr.; mean 
lowest, 71°’15: mean average for the year, 77°*42; 
mean range, ]5°’3. The amount of rain which fell 
from May to November inclusive was 90’3 inches ; from 
December to April inclusive, 7’41 inches. None fell 
in February; but 22'64 inches fell in July, and 17*86 
inches in October. 

The natural resources of Nicaragua are very great. The 
staples of the tropics, cotton, sugar, indigo, tobacco, rice, 
cacao, coffee, &c., may be produced in the greatest abun- 
dance. The cotton, although as yet, from lack of sufficient 
labour, produced in but small quantities, is of a superior 
quality. The cacao of Nicaragua has long been cele- 
brated as next only to that of Soconusco in quality and 
value. Its sugar is produced from a plant slenderer, 
but containing more and stronger juice, than the variety 
cultivated in the West India Islands. Two crops, and 
sometimes, when the fields are irrigated, three crops are 
taken from the same ground annually. This cane sel- 
dom requires to be replanted oftener than once in twelve or 
fourteen years. The crystals of the sugar are remarkably 
large and fine; and the sugar itself, when carefully manu- 
factured, nearly equal in beauty to the refined sugar of 
commerce. The indigo is produced from an indigenous 
plant c^MedjuiquiliteXlndigoferadisperma, Lin.), and has 
a high reputation in commerce. Coffee flourishes well on 
the higher grounds, but is not extensively cultivated. The 
same may be said of tobacco, which is a government mono- 
poly, and its production not allowed, except in certain 
quantities. Maize grows in great perfection, and, manu- 
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IS’icaragua. iactured into tortillos, constitutes a principal article of 
food. Cattle are numerous, and hides form a large item 
amongst the exports of the country. Dye-woods, chiefly 
the brazikUo, are also extensively exported. In short, 
nearly all the edibles and fruits of the tropics are produced 
naturally, or may be cultivated in great perfection ; plan- 
tains, bananas, beans, tomatoes, yams, arrow-root, ci- 
trons, melons of all kinds, limes, lemons, oranges, pine- 
apples, guavas, cocoa-nuts, and many other varieties of 
fruits and vegetables. Among the vegetable produc- 
tions which enter into commerce, may be mentioned sar- 
saparilla, arnott^, vanilla, ginger, gum-copal, gum-arabic, 
copaiba, caoutchouc, dragon’s-blood, &c. The mineral 
resources of Nicaragua are also very great. Gold, silver, 
copper, lead, and iron are found in considerable quantities 
in various parts, but chiefly in the districts of Segovia and 
Chontales. The production of these metals has greatly 
fallen off since the assertion of the country’s independence ; 
still the produce is considerable ; but such is the unsettled 
state of the country, it is impossible to obtain any satisfac- 
tory statistics concerning it. Sulphur may be had in inex- 
haustible quantities, crude and nearly pure, from the volca- 
noes ; nitre is also abundant, as also sulphate of iron. Not- 
withstanding the variety of its products, and the ease with 
which they may be prepared for market, the commerce of 
Nicaragua is very small. The wants of its people are few 
and easily supplied. 

Politically, Nicaragua is divided into five departments, 
exclusive of the disputed department of Guanacaste, each 
of which is subdivided into districts for municipal and other 
purposes. The departments are as follows : — 


Departments. 

Capitals. 

Population, 

Meridional 

Rivas 

20,000 

95.000 

90.000 

40.000 

12.000 

267,000 

Oriental 

Granada 

Occidental 

Leon 

Septentrional of Matagalpa 

Septentrional of Segovia 

Matagalpa 

Segovia 

Total 


The population here given is the result of a census at- 
tempted in 1846. Making due allowance for deficiencies, 
we may estimate the actual population of Nicaragua at not 
less than 300,000 ; and it may be divided as follows, with 
approximate exactness ; — 

Whites 30,000 

Negroes 18,000 

Indians 96,000 

Meztizos 156,000 


Total 300,000 

The people generally live in towns, many of them going 
2, 4, and even 6 miles, to labour in their fields, starting 
before dawn, and returning in the evening. The planta- 
tions, haciendaSj hattos, huertas, &c., are scattered over the 
country, and are often reached by paths so obscure as almost 
wholly to escape the notice of the travellers. The dwell- 
ings are usually of canes, thatched with palm, many of them 
open at the sides, with no other fioor than the bare earth, 
and deserving of no better name than that of huts. These 
fragile structures, so equable and mild is the climate, are 
adequate to such protection as the natives are accustomed 
to consider necessary. Some of the dwellings are more 
pretending, are roofed with tiles, and have the canes plas- 
tered over and white-washed ; and there are a few, belong- 
ing to large proprietors, which are roomy, neat, and com- 
fortable. In the towns, the residences of the better classes 
are built of adobes or sun-dried bricks, inclosing large 
courts, faced by broad corridors. The churches, as usual 
in Catholic countries, monopolize nearly all that there is of 
architectural skill and beauty. Their leading features are 


Moresque ; but there are a few, and conspicuously among Nicaragua, 
them the great cathedral of Leon, which are of simpler and 
more classical styles. This cathedral is of substantial ma- 
sonry throughout. It was finished in 1743, after having 
occupied thirty-seven years in building. The cost is said 
to have been L.l, 000,000 sterling. Nothing can better 
illustrate its strength than the fact, that it has endured un- 
impaired the earthquakes and storms of more than a cen- 
tury. During the frequent revolutionary paroxysms of the 
country, it is used as a fortress, heavy guns being mounted 
on the roof. It has sustained several severe cannonades. 

The project of opening a canal for ships through Nicaragua 
began to be entertained as soon as it was found that no natural com- 
munication existed between the oceans, as early as 1527. Since 
that period it has furnished a subject for much speculation ; hut 
beyond a few partial examinations, until very lately, nothing of 
a practical or satisfactory character had been attempted. In 1851 
a careful survey was made of the River San Juan, Lake Nicaragua, 
and the isthmus intervening between this lake and the Pacific, by 
Colonel Childs, under the direction of the now extinct Atlantic 
and Pacific Ship Canal Company.’’ Until then, it had always been 
assumed that the River San Juan, as well as the lake itself, could 
easily he made navigable for ships, and that the only obstacle to be 
overcome was the narrow strip of land between the lake and the 
ocean. Hence, all the so-called surveys were confined to that point 
alone. One of these was made, under the orders of the Spanish 
government, by Don Manuel Galisteo, in 1781 . Another, and that 
best known, by Mr John Baily, under the direction of the govern- 
ment of Central America in 1838. An intermediate examination, 
quoted by Thompson, seems to have been made early in the present 
century. The following table will show the results of these surveys 
as regards this particular section : — 


Authorities. 

Distance from 
Lake to Ocean. 

Greatest 

Dlevatlon 

a'bov'e 

Ocean. 

Greatest 

Elevation 

above 

Lake. 

Galisteo, 1781 

Quoted by Thompson, 18 — ... 

Baily, 1838 

Childs, 1851 

Miles feet. 

17 200 

17 330 

16 730 

18 588 

Feet. 

272 

296 

615 

159 

Feet, 

134 

154 

487 

47i 


As the survey of Colonel Childs is the only one which can be ac- 
cepted as conforming to modern engineering requirements, it will 
he enough to present the detailed results at which he arrived. The 
line proposed by him, and on which all hia calculations and esti- 
mates were based, commences at the little port of Brito on the Pa- 
cific, and passes across the Isthmus between the ocean and the lake, 
to the mouth of a small stream called Rio Lajas, flowing into the 
latter ; thence across Lake Nicaragua to its outlet, and down the 
valley of the Rio San Juan to the port of the same name, on the 
Atlantic. The length of this line was found to he 194^ miles as 
follows : — 


Western Division : — Canal from the port of Brito on the 'j 
Pacific, through the valleys of the Rio Grande and Rio 1 

Lajas, flowing into Lake Nicaragua ) 

Middle Division : — Through Lake Nicaragua, from the 'i 
mouth of Rio Lajas to San Carlos at the head of the I 

San Juan River j 

JEastern Division — First Section: — Slack water naviga- 
tion on San Juan River, from San Carlos to a point on 
the river nearly opposite the mouth of the Rio Sera* 

piqui 

Second Section ; — Canal from point last named to port \ 
of San Juan del Norte j 




Miles. 


18*588 


56*500 


90*800 


28*505 


Total as above., 


1 194*393 

The dimensions of the canal were designed to be— Depth 17 feet ; 
excavations in earth, 50 feet wide at bottom, 86 feet wide at 9 feet 
above bottom, and 118 feet wide at surface of water ; excavations 
in rock 50 feet wide at bottom, 77 feet wide at 9 feet above bottom, 
and 78^ feet wide at surface of water. 

The construction of the canal on this plan contemplates supply- 
ing the western division, from the lake to the sea, with water from 
the lake. It would, therefore, he necessary to commence the work 
on the lake at a point where the water is 17 feet deep at mean level. 
This point is opposite the mouth of the little Rio Lajas, and 
twenty-five chains from the shore. From this point, for li mile, 
partly along the Rio Lajas, the excavation will be principally in 
earth ; but beyond this, for a distance of 6J miles, which carries 





246 


NICARAGUA. 


Nicaragua, the line heyond the summit, three-fourths of the excavations 
V j would be in trap rock, that is to say, the deepest excavation or open 

cut would be 64 J feet (summit 47^ feet + depth of canal 17 feet=64 } 
feet), and involve the removal of 1,870,000 cubic yards of earth, and 
3,378,000 cubic yards of rock. The excavation and construction 
on this 5^ miles alone was estimated to cost upwards of 1.1,250,000. 
After passing the summit, and reaching the valley of a little stream 
called Rio Grande, the excavation, as a general rule, would he only 
the depth of the canal. Mr Childs found that the lake at ordinary 
hitrh-water is 102 feet 10 inches above the Pacific at high, and 111 
feet 5 inches at low tide, instead of 128 feet, as calculated by Mr 
Baily. He proposed to accomplish the descent to Brito hy means 
of fourteen locks, each of 8 feet lift. The harbour of Brito, as it 
is called, on the point where the Rio Grande enters the sea, is in 
fact only a small angular indentation of the land, partially pro- 
tected by a low ledge of rocks, entirely inadequate for the termi- 
nus of a great work like the proposed canal, and incapable of an- 
swering the commonest requirements of a port. To remedy this 
deficiency, it was proposed to construct an artificial harbour of 34 
acres area, hy means of moles and jetties in the sea and extensive 
excavations in the land. If, as supposed, the excavations here 
would he in sand, it would be obviously almost impossible to secure 
proper foundations for the immense sea-walls and piers which the 
work would require. If in rock, as seems most likely, the costand 
labour would almost surpass computation. Assuming the excava- 
tions to be in earth and sand, Colonel Childs estimated the cost of 
these improvements at upwards of L.540,000. 

Returning now to the lake, and proceeding from 17 feet depth 
of water, opposite the mouth of the Rio Lajas, in the direction of 
the outlet of the lake at San Carlos, there is ample depth of 
water for vessels of all sizes for a distance of about 51 miles, to a 
point half a mile south of the Boceas Islands, where the water shoals 
rapidly to 14 feet j for the remaining 6^ miles to San Carlos, the 
depth averaging only 9 feet at low, and 14 feet at high water. Ror 
this distance, therefore, an average under^water excavation of 8 feet 
in depth would be required to carry out the plan of a canal of 17 
feet deep. But if the lake were kept at high level, the under- 
water excavation would have an average of only about 3 feet. Co- 
lonel Childs proposed to protect this portion of the canal hy rows 
of piles driven on each side, and supposed that when the excavation 
should he completed, there would be sufficient current between 
them to keep the channel clear. 

We come now to the division between Lake Nicaragua and the 
Atlantic through or along the Rio San Juan. Colonel Childs car- 
ried a line of levels from the lake at San Carlos to the port of San 
Juan, and found the distance between those points to be 119^ miles, 
and the total fall from the level of high-water in the lake to that 
of high-tide in the harbour, 107 J- feet. From San Carlos to a point 
half a mile below the Serapiqui River, a distance of 91 miles, Colo- 
nel Childs proposed to make the river navigable by excavating its 
bed, and by constructing dams, to be passed by means of locks 
and short canals ; the remaining 28 miles to be constructed through 
the alluvial delta of the San Juan, inland, and independently of 
the river. Of the whole fall, 62j feet occur on that portion of the 
river which it was proposed to improve hy dams, and on which 
there were to be eight locks 5 and the remaining 45 feet on the inland 
portion of the work, hy means of six locks, — fourteen locks in all, 
each w.ith an average lift of nearly 8 feet. It was proposed to 
place the first dam, descending the river, at the Castillo rapids, 
37 miles from the lake, and to pass the rapids hy means of a short 
lateral canal. By means of this dam the river was to be raised at 
that point’ 21i feet, and the level of Lake Nicaragua 5 feet 
above its lowest stage; or, in other words, kept at high-water mark, 
to avoid the extensive submarine excavations which would he ne- 
cessary to enable vessels to enter the river. The fall at this dam 
would be 16 feet. The other dams were to be four of 8 feet fall, 
one of 13^ feet, and another of 14^ feet. Between all of these it 
was found there would be required more or less excavation in the 
bed of the stream, often in rock. Colonel Childs also proposed to 
improve the harbour of San Juan by means of moles, &c., and also to 
construct an artificial harbour or basin, in connection with it, of 13 
acres area. As regards the amount of water passing through the 
San Juan, it was found that at its lowest level, June 4, 1851, the 
discharge from the lake was 11*930 cubic feet per second. The 
^eatest rise in the lake is 5 feet. When it stood 3*43 feet above 
its lowest level, the flow of water in the river, at San Carlos, 
was 18*059 cubic feet per second, being an increase of upwards of 
60 per' cent. Supposing the same ratio of increase, the discharge 
from the lake at extreme high-water would be upwards of 23*000 
cubic feet per second. The river receives large accessions from its 
tributaries, which, at the point of divergence of the Colorado chan-i 
nel, swell the flow of water to 64*380 cubic feet per second ; of 
which 42*056 cubic feet pass through the Colerado channel, and 
12*324 cubic feet into the harbour of San Juan. ' 


The cost of the work was estimated by Colonel Childs as follows : Nicaragua. 
Eastern division (from Port of San Juan to lake), L.2,604,655 


Central division (through lake), 213,682 

Western Division (from lake to Pacific), 2,895,126 

L.6,713,463 

Add for contingencies 15 per cent 857,019 

Total estimated cost L.6,670,482 


The charter of the company, under the auspices of which Colonel 
Childs was sent to Nicaragua, stipulated that the canal should he 
of dimensions sufficient “ 10 admit vessels of all sizes,'^ A canal 
therefore, such as the proposed, but 17 feet deep, and 118 feet 
wide at the surface of the water, could not meet the requirements 
of the charter, nor be adequate to the wants of commerce. To 
pass freely large merchantmen and vessels of war, a canal would 
require to be at least 30 feet deep, with locks and other works in 
proportion, which would involve at least three times the amount 
of excavation, &c., of the work proposed above, and a corresponding 
augmentation of cost. A canal so small as to render necessary the 
transhipment of merchandise and passengers is manifestly inferior 
to a railway, both as involving, in the first instance, greater cost 
of construction, and, in the second place, greater expense in work- 
ing, with less speed. 

The surveys and estimates of Colonel Childs were submitted to 
the British government, and by it referred for report to Mr James 
Walker, civil engineer, and Captain Edward Aldrich, Royal 
Engineers. The report of this commission, proceeding on the as- 
sumption that the plans, measurements, &c., of Colonel Childs were 
correct, was on the whole favourable. It, however, suggested that 
the item of contingencies in the estimate should be increased 
from 10 to 25 per cent. Of all tbe works of the proposed naviga- 
tion, it pronounces the Brito or Pacific harbour as least satisfactory. 
‘‘ Presuming the statements and conclusions of Colonel Childs to be 
correct, the Brito harbour is, in shape and size, unworthy of this 
great ship navigation, even supposing the Pacific, to which it is 
quite open, to be a much quieter ocean than any we have seen or 
have information of.” Subsequently tbe plans and reports were 
laid before a committee of English capitalists, with a view to pro- 
cure the means for the actual construction of the work. This 
committee, after a patient investigation, declined to embark in the 
work, or to recommend it to public support, on the ground — lau 
That the dimensions of the proposed work were not such as, in their 
opinion, would meet the requirements of commerce ; 2d. That these 
dimensions were not conformable to the provisions of the company’s 
charter; Sd. That supposing the work not to exceed the estimated 
cost of L.6,500,000, the returns, to meet the simple interest on the 
investment, at 6 per cent., would require to be at least L.390,000 
over and above its current expenses ; or to meet this interest, and 
the percentage to be paid to Nicaragua, not less than L.473,000 
over and above expenses ; or, allowing L.200,000 per annum for re- 
pairs, superintendence, cost of transportation, &c., then the gross 
earnings would require to he L.680,000 Ath. Putting the toll at 
12s. 6d. per ton, the collection of this revenue would involve the 
passage of upwards of 1,000,000 of shipping per annum ; 5th. That 
not more than one-third of the vessels engaged in the oriental trade 
could pass through a canal of the proposed dimensions, even if the 
route which it would open were shorter than that by way of Cape 
of Good Hope, instead of being more than 1000 miles longer to 
Calcutta, Singapore, and other leading ports of British India; Qth. 
That the heavy toll of 12s. 6d. per ton on ships would generally 
prevent such vessels as could do so from passing the canal, inasmuch 
as on a vessel of 1000 tons the aggregate toll would be L.625, or 
more than the average earnings of such vessels per voyage; 7th. 
That a work of the dimensions proposed, under the present condi- 
tion of commerce, would not attract sufficient support to defray the 
cost of repairs and working, and could not therefore be safely 
undertaken by capitalists. Upon the publication of this report, 
the canal company obtained the privilege of opening a transit by 
steamers and carriages through Nicaragua, the project of a canal 
was definitively abandoned, and the charter allowed to be forfeited 
for non-wser. It was obtained in 1849, for a period of eighty-five 
years from the completion of the work, for which twelve years were 
allowed; the canal was to revert to the state at the expiration of 
the charter ; the state to receive for the first twenty years after the 
opening of the work 20 per cent, annually of its net profits, and 
thereafter 25 per cent. Other onerous restrictions were imposed, 
of a nature to deter so large an investment of capital as the work 
would require ; although in these respects the charter was much 
more liberal than any of those which had previously been conceded 
for the same purpose. By the terms of the Bulwer-Glayton con- 
vention of 1850, Great Britain and the United 3tates have defined 
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^STicaragua ^be principles wbich they agree should apply to an inter-oceanic 
jj ° canal, wherever and whenever constructed : — 

Kiccolo 1. That neither Grreat Britain nor the United States will ever 
Pisano, obtain or maintain for itself any exclusive control over such work, 
V , ^ j nor erect fortifications commanding it, or in its vicinity, or make 

use of its influence or relations with the countries through which 
such canal may pass, to secure exclusive privileges for itself or its 
subjects in the same. 

2. Neither party to capture or detain the vessels of the other 
while passing through the canal, or within — leagues of its ex- 
tremities, 

3. To protect the capitalists undertaking the construction of 
the canal from ‘^unjust interference, seizure, and violence,’’ 

4. To use their influence to facilitate the work, and their good 
offices to procure the establishment of a free port at each extremity 
of the same. 

5. To guarantee the neutrality of the canal so long as its pro- 
prietors shall not make unfair discriminations on vessels in transit, 
or impose unreasonable tolls. 

6. To extend the same general protection to every practicable 
communication, whether canal or railway, across the isthmus of 
Central America. 

The first opportunity for a compliance with the provisions of this 
convention was afforded in 1856, in which year Great Britain 
entered into a treaty with Honduras, for the protection and 
guarantee of the Honduras Inter-oceanic Railway, in strict con- 
formity with the principles here laid down. 

The construction of a ship-canal between the oceans through 
Nicaragua is unquestionably within the range of engineering feasi- 
bilities; but it can be as safely affirmed that, with the present re- 
quirements of commerce, and under the laws which govern the use 
of capital, it is not likely to be seriously undertaken. The assump- 
tion upon which most of the speculations regarding the utility of 
such a work are founded, viz., that it would shorten the distance 
between the ports of Europe and those of Asia in general, is erro- 
neous, as will appear from the following table : — 



Via Cape of 
Good Hope. 

Via pro- 
posed Canal. 

Net Loss. 

Net Gain. 

From Fngland 

Miles. 

Miles. 

Miles. 

Miles. 

To Canton 

12,900 

13,800 

900 

... 

Calcutta 

11,440 

15,480 

4040 

... 

Singapore 

11,880 

15,120 

4240 

... 

Sidney, via Torres 
Straits 

14,980 

12,550 

... 

2320 

From New York 





To Canton 

14,100 

11,820 

... 

3280 

Calcutta 

12,360 

13,680 

1320 


Singapore 

12,700 

1,420 

... 

1280 

Sidney 

15,720 

9,480 

... 

6240 


It will be observed that the sole advantage which the canal would 
afford to Great Britain, as regards the East, would be a saving in 
distance (equally attainable by a railway across the isthmus) of 
2320 miles in communicating with Australia. As regards the 
Sandwich Islands and the western coast of America, the gain in 
distance, both to England and the United States, would be con- 
siderable, as shown in the subjoined table : — 



Via 

Cape Horn. 

Via proposed 
Canal. 

Gain. 

From England 

Miles. 

Miles. 

Miles. 

To Valparaiso 

8,700 

7600 

1200 

Callao 

10,020 

6800 

3220 

Sandwich Islands 

13,500 

8640 

4860 

From New York 




To Valparaiso «... 

8,580 

4860 

3720 

Callao 

9,900 

3540 

6360 

Sandwich Islands 

13,200 

6300 

6900 


(e. g. s.) 

NICASTRO, a town of Naples, province of Calabria 
Ultra II., on a slope of the Apennines, 19 miles S. by E. 
of Cosenza. It is meanly built, but walled, and de- 
fended by a castle, in which Henry, eldest son of the Em- 
peror Frederick II., was confined for having embraced the 
Guelph party against his father. The town is the see of a 
bishop, contains several churches and convents, and has 
some trade in oil. Pop. 6600. 

NICCOLO PISANO, or Di Pisa. See Pisano. 
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NICE (Ital. Nizza^ anc. NiccBa\ a seaport-town of the lUce. 
Sardinian States, capital of the province and administrative v ^ > 

division of the same name, is built on a small plain between 
the Alps and the Mediterranean, 96 miles S. by W. of 
Turin. It is traversed by the River Paglione, and con- 
sists of three parts, one of which, called the Quartier de la 
Croix de Marbre, stands to the W. of the Paglione, and is 
the principal residence of strangers in Nice. This part of 
the town derives its name from a marble cross, built here 
to commemorate the reconciliation of Charles V. and Fran- 
cis I. in 1538, through the intervention of Pope- Paul 
HI. Near this cross stands an obelisk in memory of the 
two visits of Pius VII. in 1809 and 1814. In this quarter 
of Nice there is also a large public square, surrounded with 
fine buildings, and a handsome quay, which runs along the 
side of the river. The other two parts of the town stand 
on the E. side of the Paglione, and are separated from 
each other by a hill of limestone 800 feet high, which for- 
merly had a castle on the summit, but is now laid out in 
public walks commanding a wide and beautiful prospect. 

Between the river and the castle-hill is the old town, con- 
sisting of several streets of no great breadth, and including, 
close under the hill, a dirty locality, which is the oldest 
part of the whole town. The quarter of the port on the 
other side of the castle-hill is chiefly inhabited by sea- 
faring people, and was once a mean and crowded place, but it 
has recently been much improved. The harbour is small, 
but capable of admitting vessels drawing 15 feet of water, 
and is protected by two moles, one of which has at its ex- 
tremity a lighthouse and battery. The entrance is diffi- 
cult in stormy weather, and it is not well adapted for a 
harbour of refuge. The public buildings of Nice are by 
no means remarkable ; the principal is the cathedral, an 
edifice in the common Italian style of the seventeenth 
century. There are numerous other churches, but none 
of them are of any great architectural merit. The national 
college (which has a botanic garden), the public library and 
zoological museum, the theatre, baths, convents, and hos- 
pitals, complete the list of the important public institutions 
of the town. The climate of Nice has been much praised, 
and although its advantages may perhaps have been exag- 
gerated, there can be no doubt that it is remarkable for its 
mildness and salubrity. It is subject to no sudden varia- 
tions of temperature; the changes of season occur with 
considerable regularity, and the differences in heat from 
one month to another rarely exceed 2° or 3° Fahrenheit. 

The mean temperature of the spring at Nice is about 64° ; 
of the summer, about 74° ; of the autumn, about 55° ; and 
of the winter, about 50° ; while the greatest heat in sum- 
mer is rarely above 84°, and the cold in winter seldom 
below 32°. The clearness of the atmosphere during the 
most part of the year is one of the greatest advantages of 
the place ; but the cold blasts of the vent de bise, as it 
is called, which prevails in February, are both disagreeable 
and injurious to invalids. The town contains several silk, 
cotton, paper, and oil mills; and there are also manu- 
factories of tobacco, snuff, perfumery, soap, leather, &;c. 

The trade of the place is in these articles, and in wine, 
oranges, and other fruits. The number of vessels that 
entered the port in 1846 was 2609 ; tonnage, 155,764 ; 
those that cleared in the same year, 2583 ; tonnage, 153,635. 

Nice was originally founded by the Phocaeans of Mar- 
seilles, and fortified by them against the native Gallic 
tribes. For a long time it remained subject to its parent 
city ; and even after both were included in the Roman em- 
pire, Nice was still in a subordinate position, and does not 
seem to have attained to any importance under the Roman 
sway. The ancient town did not occupy precisely the same 
site as the modern ; but stood further up the mountains, where 
there are some remains both of this town and of Ceme- 
nelium (the modern Cimiesy In the middle ages Nice was 
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Nice, the capital of a small independent county, and at that himself and nine of his adherents excommunicated. The Nice, 

Coancil'of.timeitstoodontheleftbankof the river, close round the quarrel raged fiercely on both sides, and the emperor Counca of. 

foot of the casde-hill. It afterwards came into ±e pos- mildly attempted a reconciliation between the orthodox 
session first of the counts of Provence, and then of the bishop and the heretical f)resbyter. His eiforts proved un- 
kint^s of Naples; and was sold in the end of the fourteentli availing, and in order effectually to silence the disputants, 
century by Ladislaus to Amadeus VII. of Savoy, in whose he convened the council in question. Bishops flocked to 
house it still remains. The town has been taken several it from all parts of Christendom, particularly from the East, 
times by the French, and was annexed by them to the re- until their number amounted to 318. The assembly was 
public, and made the capital of the department of the Ma- honoured by the imperial presence; and the venerable 

ritime’Alps in 1791 ; but it was restored to Sardinia in Fathers began by accusing each other. Constantine, who 

1024 ^ seems to have displayed much good sense on the occasion, 

The administrative division, of which Nice is the capital, magnanimously burnt these accusations without reading 
is hounded on the N. by Piedmont, from which it is sepa- them ; and exhorting the disputants to peace and harmony, 
rated by the Alps; E. by the division of Genoa ; S. by the bade them open deliberations. Debate waxed keen ; words 
Mediterranean ; and W. by France. The higher parts of ran high ; whole quivers of logic and treasures of learning 
the mountains in the north are covered with forests of ex- were exhausted ; but unanimity was as distant as ever. The 
cellent timber trees, and the lower slopes and valleys, orthodox party, after selecting those passages of Scripture 
though unfit for cultivation, afford excellent pasturage, which bear upon the divinity of the Son of God, extracted 
Towards the south the soil is fertile, and produces maize, from them the conclusion that the Son was of the same 
barley, and wheat ; besides olives, figs, grapes, oranges, substance (o/^oovcrtos) or consubstantial with the Father, 
and other fruits. Cattle are reared to a considerable ex- Eusebius of Nicomedia proposed a creed in behalf of the 


tent ; bees are also kept ; and there are good fisheries along 
the coast. The climate is mild and dry, being sheltered 
from the north winds by the Alps. It is divided into three 
provinces, as follows ; — 



Area in sq. 
miles. 

Pop. in 1848. 

Nice 

1178 

118,377 

Oneille 

173 

60,072 

St R5mo 

263 

64,541 

Total 

1614 

242,990 


The town of Nice is remarkable as the birth-place of Mas- 
sena, one of the most famous of Napoleon’s generals. 
Pop. 83,811. 

Nice, or Nicma^ The Council of, was the earliest as 
well as the most important of the oecumenical councils held 
in the Christian church. It was convened at Nicaea, a 
town in Bithynia, a,d. 325, by command of the Em- 
peror Constantine, to settle the controversy which had re- 
cently sprung up in the church respecting the doctrines of 
Arius, presbyter of the Church of Alexandria. In an as- 
sembly of the presbyters held some time previously, Alex- 
ander, Bishop of Alexandria, maintaineej that the Son was 
not only equal in dignity with the Father, but was also of 
the same essence. Arius charged the doctrine with Sabel- 
lianism, and boldly assumed the opposite extreme. ‘‘If,” 
said he, “the Father begat the Son, the begotten had a 
beginning of existence ; hence it is plain, that there was' a 
time when he was not.” (Socrates, Hist, Eecles,, lib. i., c. 5 .) 
Not a few openly sided with Arius ; and the upshot of it 
was that the heretic had his doctrines condemned, and 


Arians, but the council pronounced it heretical, and ap- 
pointed Hosius of Corduba to draw up one in its stead. 
This document, agreeing substantially with the Nicene 
Creed of the present day, received the sanction of the 
council and the approbation of the emperor. Deposition, 
excommunication, and exile were the penalty of non-acqui- 
escence. Arius stood firm, and suffered the consequences. 
Twenty of the twenty- two Arian bishops, whose ingenuity 
was nicer than their conscience, subscribed to the creed, 
by foisting an iota into the Platonic epithet of their oppo- 
nents, and thus converting ojaoovcrtos (of the same substance) 
into ofLoiovo-ios (of similar substance). Secundus of Ptole- 
mais and Theonas of Marmarica declined to stoop to such 
courtly duplicity, and boldly reproved Eusebius for his dis- 
honesty. ^ (See Arius.) 

The Nicene Creed, as at present recited in the commu- 
nion service of the Church of England, agrees precisely 
w’ith the creed drawn up at this council, with the exception 
of the part which asserts the divinity of the Holy Ghost. 
This addition was made, A.n, 381, at the council of Con- 
stantinople ; and the words “and the Son, ’’coming aller 
“ who proceedeth from the Father,” were inserted by the 
S|)anish bishops in a.d. 447, and admitted after some 
hesitation by those of Rome in a.d. 883. 

The Second Council of Nice was held by the Empress 
Irene and her son Constantine in a.d. 787, and declared 
the worship of images to be lawful. 

(See The Greek Ecclesiastical Historians of the first 
Six Centuries of the Christian Era, 6 vols., London, 1853 ; 
Some Account of the Council of Niccea, by John Kaye, 
D.D., London, 1853; Gieseler’s Ecclesiastical History, 


^ New and interesting information respecting the Council of Nice has recently been fallen upon in a Syrian fragment in the British 
Museum (Add. MSS., No. 14,5l28), written in a.d. 501, and obtained from the Nitrian Desert in Egypt a few years since. The Syrian 
text of this fragment, with a translation and notes, and some account of the MS. volume from which it has been obtained, was published, 
under the title Analecta Nicmna, by B. Harris Cowper, London and Edinburgh, 1857 ; but the impression was limited to is50 copies. 
Among other curious pieces printed in this tractate, — (1.) The Epistle of Constantine the King summoning the Bishops to Nice, referred 
to by Eusebius in his Life of that monarch, but hitherto regarded as lost; (2.) The Decree of Constantine against the Arians, given by 
Socrates in his Church History, and found in other Syrian MSS.; (3.) The Nicene Creed; (4.) The Creed of Constantinople ; (5.) 
The Subscribers to the Nicene Council, the most ancient, curious, and complete list yet brought to light ; (6.) Titles of the Canons of 
Nice; (7.) The Colophon ; (8 and 9.) Fragments from another MS. in the same collection, in which the presidency of the Nicene Coun- 
cil seems to be assigned to Alexander of Alexandria; (10 and 11.) Canons VI. and VII. of the Nicene Council, from which it will be 
seen, that no allusion whatever is made to any superiority of the Roman See different from that of the others mentioned ; (12.) Colo- 
phon, The following is a copy of the long-lost letter of Constantine, as translated by Mr Cowper : — An Upistle of Constantine the King, 
summoning the Bishops from Ancyra to Nice. — That there is nothing more honourable in my sight than religion, is, I believe, manifest to 
every man. Now, because the Synod of Bishops at Ancyra, of Galatia, consented formerly that it should be so, it hath seemed to us now 
would be well for it to be assembled at Nice, a city of Bithynia, because the Bishops of Italy, and of the rest 
of the countries of Europe, are coming, and because of the excellent temperature of the air, and because I shall he at hand as a specta- 
tor and participator of what is done. Wherefore I signify to you my beloved brethren, that ye, all of you, promptly assemble at the 
city 1 spoke of; that is, at Nice, Let every one of you, therefore, diligently inquire into that which is profitable, in order that, as I 
before said, without any delay we may speedily come to he a present spectator of those things which are done by the same. God keep 
you, my beloved brethren.” (P. 21.) * ^ o j r 
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Kicepho- Edinburgh, 1846; l^edindev'^s History of the Churchy 8 vols., 
rus. London, 1850-52; and Landon’s Manual of Councils,) 

NICEPHORUS I., Emperor of Constantinople, was a 
native of Seleucia, and rose by the favour of the Empress 
Irene, and by his own hypocritical intrigues, to the high 
office of logotheta^ or minister of finances. In 802 A.D., 
assisted by the ungrateful treachery of some eunuchs wlio 
were high in favour with the queen, he seized upon the 
purple. After Nicephorus had consolidated his power by 
the most cruel measures, he despatched a letter to the ca- 
liph Harun-al-Raschid, demanding back the tribute-money 
paid him by the Empress Irene. The caliph replied by 
devastating the plains of Phrygia ; and, after various for- 
tune, the death of Harun-al-Raschid in 809, left Nicepho- 
rus to direct a system of universal butchery against the 
Bulgarians. He was surprised and slain in 811. (See CoN- 
STANTINOPOLITAN HiSTORT.) 

Nicephorus II., surnamed Pkocas, Emperor of Constan- 
tinople, was the descendant of a warlike race, and was born 
about 912 A.D. He was brought up in the camp, and 
rose by his own merit through the different grades of pro- 
motion until he was appointed magnus domesticus in 954. 
His military genius was first displayed in several expedi- 
tions against the Saracens during 956 and 958 ; but not 
until 959 did it appear in its full splendour. He then pro- 
posed to the young emperor Romanus II. the bold design 
of taking Crete, which had been for more than a hundred 
years the impregnable stronghold of a desperate gang of 
Arabian pirates. The enterprise received the approval of 
the emperor ; and in 960 Nicephorus was laying vigorous 
siege to the massive fortifications of Candia, the capital of 
the Cretans. Complete success was achieved in the following 
year. He captured the city, and along with it the whole 
island ; the inhabitants yielded to his proselytizing zeal, and 
received baptism ; and the long-extinct honours of a tri- 
umph were revived to reward him on his return to Con- 
stantinople. But in the full enjoyment of his renown, the 
conqueror did not forget to follow up his success. Setting 
out at the head of a mighty army in 962, he forced his 
way through the narrow passes of Mount Amanus, and 
entering Syria, compelled the principal cities to throw open 
their gates. He was advancing in his career of victory 
towards the River Euphrates, when intelligence reached him, 
in 963, of the death of the Emperor Romanus. The thought 
of aspiring to the vacant throne now seized him, and 
changed the generous and free-hearted warrior into the 
wily votary of ambition. His designs were executed with 
a soldier-like promptness and decision. He first procured 
for himself the appointment to the supreme command of 
the oriental armies during the minority of the infimt 
princes ; then he gained over to his interest the officers 
and soldiers ; and at length he married the deceased em- 
peror’s wife — the infamous Theophano — and assumed the 
title of Augustus. But Nicephorus was not so popular on 
the throne as in the camp. Though he reappeared at the 
head of his armies, and yearly made a successful invasion 
against the Saracens, yet the heavy taxes which were levied 
to support these expeditions more than counterbalanced, 
in the public estimation, the glory gained by them. The 
emperor came to be generally accused of hypocrisy and 
avarice. His fickle wife in course of time joined the num- 
ber of his enemies, and began to plot his death. One of 
her paramours, John Zimisces, a brave and able general of 
the imperial armies, was induced to undertake the office of 
assassin. On a December night in 969, he crossed in a 
small boat from the Asiatic side of the Bosporus, and 
was admitted by a rope-ladder into the palace. There a 
band of cut-throats, putting themselves under his direction, 
burst into the royal apartment, and murdered Nicephorus 
as he started from sleep. The arch-assassin immediately 
afterwards married Theophano, and succeeded to the purple. 

VOE. XVI. 


Nicephorus III., surnamed BatoniateSy Emperor of Con- 
stantinople, claimed to be a descendant of the Roman 
Fabii. He served in the imperial forces, and in 1078 had 
risen to be commander of the army in Asia. In that year, 
aided by the Sultan Soliman, he raised the standard of re- 
volt against the Emperor Michael VII. The discontented 
populace of Constantinople received him with enthusiasm ; 
the weak emperor resigned his crown to retire into a 
monastery ; and Nicephorus ascended the throne on the 
25th March 1078. The new reign was inaugurated with 
a cruel and narrow-minded policy which soon brought it to 
a close. The rebel generals Ursel, Bryennius, and Basil- 
acius, who were soon afterwards defeated and captured, had 
their eyes put out, and were reserved for further cruelties. 
Even the brave Alexis Comnenus, the conqueror of these, 
became at length the object of the emperor’s ever-wakeful 
suspicions, and was forced to flee from the ungrateful 
court. It was this injustice that caused the downfall of 
Nicephorus. Alexis was proclaimed emperor by the in- 
dignant soldiery, and Nicephorus, resigning the crown 
retired to end his days in a monastery. 

Nicephorus Callistusy an ecclesiastical historian, was 
born towards the close of the thirteenth century, and died 
about 1350. In his thirty-sixth year he was engaged at 
Constantinople in the composition of an Historia Eccle- 
siasticay founded on the narratives of Eusebius, Socrates, 
Sozomen, Theodoret, Evagrius, and others. It is filled 
with absurd fables ; and of the twenty-three books only 
eighteen are extant. They were published in Greek and 
Latin, in 3 vols. fol., Paris, 1630. 

Nicephorus, Patriarch of Constantinople, was the son 
of Theodorus, one of the imperial secretaries of Constantins 
Copronymus, and was born in 758. From his father he 
inherited a zeal for image-worship, which gave a colour 
to all the principal events of his life. He was present as 
imperial commissary at the Nicene Council of 787, and 
raised his voice against the Iconoclasts. This spirit of 
partizanship only became more intense when, in 806, lie 
was raised from the condition of a monk to the patriarchate 
of Constantinople. An edict against the worship of images 
was passed in 814 by Leo the Armenian ; but neither 
entreaties nor menaces could prevail upon Nicephorus to 
assent to it. He rather preferred to be deposed in the 
following year, and to spend the rest of his days in a con- 
vent. His death took place in June 828. Of his works, 
which are written in Greek, the best is his 'Breviariuin 
Historicum, a compendious history of the period extending 
between 602 a.i>. and 770. It was published, with a Latin 
version and notes, in 8vo, Paris, 1616; and was reprinted 
in the Corpus Histories Hyzantince. A Life of the 
Patriarch Nicephorus, by his contemporary Ignatius, 
has been translated into Latin, and inserted in the Acta 
Sanctorum. 


Kicepho- 


NICHOLAS L, the earliest of the Roman pontiffs who 
bore that name, was elevated from the rank of a deacon to 
the papal chair in April 858. One of his first endeavours 
was to realize the alleged supremacy of the popedom. 
Assuming as his authoi'ity the new ecclesiastical code, now 
known by the name of the Pseudo-Isidorian Decretals, he 
asserted that the Pope, as the representative of St Peter, 
was the head of Christ’s body the churcli ; that the bishops, 
as members of that body, had no other law than his will ; 
and that all offences throughout Christendom should be 
liable to be arraigned before his tribunal. These principles, 
so boldly asserted, were as boldly carried into practice. 
Taking part in the dispute concerning the patriarchate of 
Constantinople between Ignatius and Photius, he excom- 
municated the latter in 863, and maintained a fierce con- 
troversy with the Emperor Michael III. in support of this 
exercise of his ecclesiastical authority. He also interfered, 
during the same year, with the attempt of Lotharius, King 
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Nicholas, of Lotharingia, to divorce his wife Thietberga, and to 
marry his concubine Waldrade. The Emperor Louisj the 
brother of Lotharius, bent upon forcing Nicholas to with- 
draw his interference, marched into Rome at the head of 
an army. But the fervent and long-continued devotions 
and the saint-like composure of the Pope soon awed the 
superstitious potentate into submission and reconciliation. 
Nicholas continued for the rest of his life to vindicate suc- 
cessfully the absolute ecclesiastical supremacy of the see of 
Rome. He died in 867. His letters, amounting to about 
a hundred, and treating of church doctrine and discipline, 
were published in folio, Rome, 1542, The rest of his works 
were inserted in Coleti’s Collection of Councils. 

Nicholas II., whose original name was Gerhard, was 
promoted from the bishopric of Florence to the Papal chair 
in 1058. Under the guidance of the able and ambitious 
Hildebrand, who was afterwards supreme pontiff under 
the' title of Gregory VII., he proceeded to establish his 
authority,, and to provide for the increased stability and 
influence of the Papal see. John, bishop of Velletri, who 
had been set up as a rival Pope, under the name of Bene- 
dict X., was forced to submit. A law was passed in 
1059 which took the power of choosing the supreme pontiff 
out of the hands of the Roman mob, placed it in the hands 
of the cardinal bishops and priests, and restricted the 
elective influence of the emperor and the citizens of Rome 
to a mere assent. The new Pope was even daring enough 
to claim the possession of Apulia, Calabria, and Sicily, to 
give them in fief to Robert Guiscard, a Norman, and thus 
to establish the civil supremacy of the Roman see over that 
territory which was afterwards known as the kingdom of 
Naples. Nicholas was further engaged in enforcing a 
stricter morality upon the priests, when he died in July 1061. 

Nicholas III., whose original name was Giovanni Gae- 
tani, succeeded John XXL in 1277. His descent from 
the noble family of the Orsini, his tact, and his energy ren- 
dered him a powerful upholder of the despotism of the 
Roman see. He obtained from the Emperor Rudolph 
several grants of territory in Italy, and punished the 
haughty insubordination of Charles of Anjou, King of Na- 
ples, by depriving him of the dignity of senator of Rome. 
Other great projects were occupying his attention, when a 
stroke of apoplexy brought his career to a close in 1280. 

Nicholas IV., originally known by the name of Jerome 
of Ascoli, was raised from the bishopric of Palaestrina to 
the pontifical chair in 1288. Though sometimes guilty of 
favouritism, he was characterized in general by an enlight- 
ened zeal for the welfare of the church. He was a liberal 
patron of theological as well as civil learning ; he sent forth 
ngiissionaries as far as China ; and he used his utmost efforts 
to revive the spirit of the Crusades. It is said to have been 
the final expulsion of the Christians from the Holy Land 
that hastened his death in 1292. 

Nicholas V., whose real name was Tommaso Da Sar- 
zana, succeeded Eugenius IV. in 1447. The meek probity 
of his character did not suffer him to adopt the usual ag- 
gressive policy of the popedom ; and his literaiy tastes 
induced him to , seek for that general peace which is so 
favourable to the advancement of learning and civilization. 
The consequence was, that in 1449 the anti-Pope Felix V., 
who had for several years maintained a schism in the 
church, tendered his submission ; and about the same time 
the Italian states, discontinuing their accustomed broils, 
relapsed into tranquillity. The learned pontiff was thus 
enabled to devote the rest of his life to the promotion of 
polite letters. Under his rule Rome became the favourite 
seat of learning. The most liberal patronage was extended 
to literary merit ; wits and scholars from all parts of Europe 
thronged the pontifical court ; a library, containing famous 
manuscripts of the Christian fathers and the great Greek 
authors, began to be formed in the Vatican ; and messen- 
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gers were constantly arriving from all the countries ofKicholas,St 
Christendom with new treasures for its shelves. This rapid || 
advance towards general enlightenment was prematurely Kicias. 
interrupted by the death of its wise and munificent pro- 
moter in 1455. 

NICHOLAS, St, one of the Cape Verde Islands, is si- 
tuated in N. Lat. i6.42.,W. Long. 24.20. Its shape is irre- 
gular; and its area is 115 square miles. There are two re- 
markable mountains in the island, one of which, near the 
centre, has the form of a sugar-loaf, and is called the Peak of 
Trade. The soil is fertile, but there is not much wood or 
water. There are several not very good harbours on the 
south coast ; but the principal trade is carried on at Grand 
or St George Bay, at the western extremity. Pop. 5418.“- 

NICHOLS, John, a writer of literary anecdotes, was 
born at Islington in 1745, and at the age of twelve became 
an apprentice to the famous printer ‘William Bowyer. His 
taste for literature, his industry, and his business talents 
soon raised him high in the favour of his master. He was 
taken into partnership in 1766, and succeeded to the entire 
business in 1777. It was then that the aptitude for curious 
biographical and topographical research by which he was 
specially characterized began to appear to the world. In 
course of time it found full scope in the GentlemarCs 
Magazine^ of which he became editor and part proprietor 
in 1778 ; in his History of Leicestershire^ which he began 
in 1795, and completed in 4 vols. fol. in 1815 ; and in a 
series of rare literary and antiquarian works which he con- 
tinued to edit and print. But its chief result was the 
Literary Anecdotes of the Eighteenth Century^ in 9 vols. 

8vo, 1812-15. This work was a rich biographical treasury, 
containing numerous traits of eminent men of every stamp, 
and much correspondence, judiciously selected and accu- 
rately given. But Nichols had not yet exhausted his stock 
of this sort of historical materials. In 1817-22, he pub- 
lished Literary Illustrations of the Eighteenth Century^ 
intended as a Sequel to the Literary Anecdotes^ in 4 vols. 

A fifth volume was in the press, and a sixth in preparation, 
when the author died in 1 826. The former was published 
in 1 828, and the latter in 1 83 1 . A seventh volume appeared 
in 1848, and an eighth in 1858, both by his son, John 
Bowyer Nichols, who succeeded to his father's business. 

(See GentlemarCs Magazine for 1826.) 

NICHOLSON, William, an eminent chemist and me- 
chanician, was born in London in 1 753. His early years were 
spent in commercial pursuits, but he soon abandoned that 
occupation for the more congenial walk of scientific research. 

He opened a school in the metropolis in 1775, which he 
continued to conduct with great success for a long series of 
years. Meanwhile he prosecuted mechanical invention 
and scientific inquiry with great zeal- Besides English 
translations of the chemical works of Fourcroy, Chaptal, 

&c., he wrote numerous treatises on natural philosophy and 
chemistry, and was unquestionably the most eminent pliilo- 
sophical journalist of his day. His most valued works are 
his Dictionary of Chemistry^ 2 vols. 4to, 1795 ; and his 
Journal of Natural Philosophy^ Chemistry^ and the Arts^ 

5 vols- 4to, 1797-1802, of which a new series appeared in 
36 vols. 8vo, 1802-14. He invented an araeometer and 
other instruments, but so impoverished himself by these 
pursuits that he was imprisoned for debt. He died in 
London in June 1815. (See Dissert. Sixth, chap. vii.)i 

NICIAS, an Athenian statesman, son of Niceratus, 
chosen by the aristocracy and the more moderate of the 
democratical party, as the fittest person to lead the councils 
of the commonwealth after the death of Pericles, in 428 B.C. 

He was also a favourite with the people, as he was liberal 
■ of his wealth for their gratification, and ever ready to assist 
the distressed. He resembled Pericles in the conservative 
nature of his foreign policy, and in the thorough incorrupti- 
’ biiity of his character. The rigid decorum and strict devout- 
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Kicias. ness of his character have been severely ridiculed by Aristo- 

phanes, in the Equites^ as nothing better than timidity and 
superstition. The first matter in which Nicias and Cleon 
took opposite views was the punishment that ought to be in- 
flicted on the inhabitants of Mitylene for their rebellion, 
Cleon proposed and carried a decree for putting every man to 
death, and for reducing the women and children to slavery. 
This monstrous proposition was opposed by all the influ- 
ence of Nicias, but passed in spite of its evident injustice. 
Nicias led several expeditions, and was always successful, 
because, as Plutarch says, he selected those commands 
where success was nearly certain, although the glory might 
indeed be small. He took the islet called Minoa, at the 
mouth of the harbour of Nisaea, the seaport of Megara ; 
and he plundered the coast of Boeotia. He commanded 
the fleet, 425 b.c., at the time that the island Sphacteria 
was blockaded by the Athenians, and willingly gave up the 
command to Cleon, who exclaimed that if he were in that 
station he would engage to subdue the island within twenty 
days, and bring the garrison prisoners to Athens. To the 
great surprise of all parties, Cleon succeeded in the enter- 
prise (Thucydides, iv. 28). The following year we find 
Nicias commanding an expedition, which was directed 
against the island of Cythera,* an important appendage of 
the Lacsedemonian territory, and which Nicias took without 
much difiiculty. After the death of Cleon at Amphipolis, 
422 B.C., there was a strong inclination on both sides to 
bring the war to a close ; and as Nicias was the most active 
in promoting the measure, it was usually called the Niceian 
peace. The fundamental principle of the treaty was, that 
each party should restore what had been taken in war, ex- 
cept that Nisaea was reserved to Athens, in consideration 
of the refusal of the Thebans to surrender Plataea. It was 
concluded for fifty years, 421 B.c. (Thucydides, v. 18.) 
At this time Alcibiades began to occupy himself with 
public afiairs ; and wishing to ingratiate himself with the 
popular party, he took th» opposite side to Nicias in almost 
every question. It was so in respect to the peace ; and as 
there were some articles liable to be disputed, Alcibiades 
soon managed to embroil matters, and war again broke 
forth in all its original fury, 418 B.C. An expedition to 
Sicil}' was next proposed by Alcibiades ; and although it 
was strongly opposed by Nicias, the decree was passed, and 
Nicias was appointed, along with Lamachus and Alcibiades, 
415 B.C., to command the troops. Matters were conducted 
with various success, ; but the Athenians were at length 
completely defeated, and Nicias fell into the hands of the 
Syracusans. The mob demanded his life ; and although 
Gylippus, the Syracusan general, exerted himself to save 
Nicias, it was without success. When Nicias and his col- 
league Demosthenes heard the sentence which had been 
passed against them, they anticipated their fate by putting 
themselves to death, in the year 413 b.c. (Thucydides, 
vii. ; Plutarch ; Diodorus Siculus ; Thirlwalfs History of 
Greece^ vol. iii. ; Grote’s History of Greece^ vols. vi., vii.) 

Nicias, a great Greek painter, was the son of Nico- 
medes, and flourished at Athens about the fourth century 
B.c. He studied his art under Antidotus, a pupil of the 
celebrated Euphranor. One of his earliest undertakings 
seems to have been the painting of the marble statues of 
Praxiteles, a process which the Romans called circum- 
litio. But, though eminently successful in this engage- 
ment, he soon turned his hand to the more legitimate 
branches cf his art. All his energies became absorbed in 
the executing of pictures. He devoted great attention 
to colouring, and was the first painter who used burnt 
ochre ; he studied the subjects of his pieces with the mi- 
nute care which the dramatic poet bestows upon his plot; 

. and he was often so engrossed with his work that he forgot 
to take his meals. ^ The result of such painstaking industry 
was, that the artist soon grew famous for the graceful de- 
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sign, the beautiful colouring, the exquisite light and shade Ricohars 
and the fine general effect of his pictures. His master- . II 
piece was entitled Ne/a;ta, and was a representation of the 
infernal regions taken from the description in the Odyssey, 

Ptolemy, fcng of Egypt, offered sixty talents for it; but the 
painter chose rather to present it to his native Athens. 

Such a patriotic liberality seems to have combined with his 
genius in gaining for him the esteem of his fellow-citizens ; 
for, at his decease, he was honoured with a public funeral, 
and was interred in the cemetery consecrated to the great 
Athenian dead, on the road between the city and the aca- 
demy. 

The other important works of Nicias, as enumerated by 
Pliny, were a Neraea, a Hyacinthus, a Bacchus, and an 
Alexander (Paris), all at Rome. (A minute account of 
Nicias is given in the English CyclopcBdia!) 

NICOBARS, a cluster of islands in the Indian Ocean, 
lying between N. Lat. 6. 40. and 9. 20., and E. Long. 93. 3. 
and 94. 13,, and inhabited by Malays. A settlement was 
formed here by the Danes in 1756, but abandoned by them 
in 1768. In the year 1840 the whaler Pilot, of London, was 
seized by pirates infesting the Nicobars. At this period 
the sovereignty of these islands was claimed by the Danes. 

Evidence subsequently obtained, left little room for doubt, 
that, in several instances, the crews of British vessels had 
been murdered, and the vessels scuttled and sunk by the 
islanders. Measures were taken to give notoriety to these 
circumstances. In 1848 the Danish government came to 
the determination to abandon all claim to sovereignty over 
the Nicobars. Some years later, certain residents of Chit- 
tagong made a representation to the Indian government 
regarding two brigs which had sailed for the Nicobars in 
the year 1852. Neither of them had since been heard of, 
and a strong presumption existed that both had been cut 
off by savages. Captain , Dicey, of the steamer Tenasse- 
rim, was therefore despatched to the Nicobars for the pur- 
pose of inquiring into the fate of the missing vessels ; and 
the report of this officer, the official authorities observes, 
leaves no doubt that two vessels, one of them English, 
have recently been destroyed, and their crews murdered by 
the inhabitants of the Nicobars ; and there seems too much 
reason to fear that these atrocities have been preceded by 
many similar outrages." These and the adjacent islands, 
the Andamans, would, it has been suggested, answer 
admirably for a convict settlement. 

NICOLAI, Christoph Friedrich, a German author, 
was the son of a bookseller, and was born at Berlin in March 
1733. The intense ardour for learning which characterized 
his life was early shown. Though engaged so soon as his 
sixteenth year in the bookselling trade, he made himself a 
proficient in general literature, and in the Greek, Latin, 
and English languages. His increasing devotion to letters 
led him in 1757 to resign his partnership in the family firm ; 
and though he was recalled to business in the following 
year by the death of his brother, yet the projects that he 
had planned during his retirement were actively carried out. 

By this time he had formed, in conjunction with Lessing 
and Moses Mendelssohn, a literary triumvirate, for the pur- 
pose of founding a new school of German criticism. They 
had begun their scheme in 1757, by publishing the Bihlio^ 
ihek der Schonen Wissenschaften. They now continued it 
in 1759 by giving to the world the first of their famous 
Letters on Criticism. It was with a similar end in view 
that in 1 765 Nicolai became the projector and editor of the 
influential periodical ^tyXedAllgemeine Deutsche Bibliothek, 

The severe and prosaic tone of criticism which character- 
ized this work soon involved him in many disputes with 
some of the greatest writers in Germany. His facile and 
ever-active pen was especially employed in writing pamph- 
lets and satirical romances against the philosophy of Kant, 

Fichte and A, W. Schlegel attacked him in turn. Yet the 
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Nicolaitans irascible Nicolai continued to wrangle witli his numerous 
II enemies, and at the same time to dabble in all sorts of sub- 

^ Nicolas.^ jects, till his death in 1811. His Life was published by 
Gbckingk in 8vo, Berlin, 1 820. 

NICOLAIT ANS, a Gnostic sect of the second century, 
mentioned by Irenaeus, Tertullian, and Clement of Alex- 
andria. They claimed to have been founded by Nicolas, 
one of the seven deacons enumerated in the sixth chapter 
of the Acts ; and they were believed by the early fathers 
to be identical with the sect of the same name alluded to 
in the second chapter of the Apocalypse. But neither of 
these opinions rests on satisfactory grounds. The peculiar 
tenets of the Nicolaitans were founded on the principle that 
the [)assions ought to be allowed to exhaust and destroy 
themselves by indulgence. “ Subdue the flesh by abusing 
it ” was the favourite motto with which they justified their 
licentious conduct. (Neander’s Church History.) 

NICOLAS, Sir Nicholas Harris, a very eminent 
English antiquary, was the fourth son of John Harris Ni- 
colas of East Looe in Cornwall, whose Breton ancestors 
had settled there on the revocation of the edict of Nantes. 
He was born on the 10th March 1799. He entered the 
navy on the 27th October 1808 ; and after some years 
of active service as midshipman under his brother, in which 
he took part in the capture of several armed vessels and 
convoys on the coast of Calabria, he was promoted to the 
rank of lieutenant on the 20th September 1815. Not 
succeeding at the close of the war in obtaining employ- 
ment, he left the service, and took to the study of English 
law and antiquarian literature. His first work, The Life of 
Secretary Davison, appeared in 1823, the author having 
married a descendant of the family of that worthy privy 
counsellor during the previous year. He was called to the 
bar by the society of the Inner Temple in 1825, but his 
practice never extended beyond the occasional claims of 
peerage before the House of Lords. Nicolas was chosen 
shortly afterwards a Fellow of the Society of Antiquaries, 
became a member of their council in 1826, and was a fre- 
quent and valuable contributor to the Archceologia. His 
imprudent zeal and violent temper, however, did not per- 
mit him long to enjoy this dignity ; for after his first ap- 
pearance at its deliberations, the society struck him off 
their list. He thereupon commenced a series of attacks 
against the administration of the affairs of the society, 
which do not seem to have been in the most perfect state 
possible. These animadversions, besides appearing in 
pamphlets, found a frequent place in the pages of the Re- 
trospective Review^ of which Nicolas had become joint 
-editor in 1826. He continued with incredible industry to 
elucidate and illustrate various departments of history, 
genealogy, and heraldry, in a series of works, displaying 
great research and sound critical acumen. As a whole, his 
works possess a substantial historical value ; but those perhaps 
in- which he has placed the majority of writers under the 
greatest obligations to his industry and acuteness, are the 
Synopsis of the Peerage of England^ 2 vols., 1825; the 
Testamenta Vetusta^ 2 vols., 1826 ; and his Chronology of 
History^ a work of great value, written in 1835 for Lard- 
ner’s Cyclopcedia^ and remodelled from his Notitia HistO’^ 
ricaoi 1824. In his Controversy between Sir Richard 
Scropeand SirRobertGrosvenor,2 vols., 1832, a work which 
was never completed, and in his Siege of Caerlaveroch, 
there occur a number of highly valuable biographical notices; 
and, among others, one of Geoffrey Chaucer, which the 
author afterwards enlarged for Pickering’s Aldine edition 
of that poet. For the same series of British poetical au- 
thors, Nicolas wrote the memoirs of Surrey, Wyatt, Col- 
lins, Cowper, Thomson, Burns, and Kirke White. In con- 
nection with the same field, he made some curious and suc- 
cessful explorations in his Lives of Isaak Walton and 
Charles Cotton^ prefixed to Pickering’s beautiful edition of 


NIC 

The Complete Angler, His greatest works, however, and . iTicolas 
those by which his name will be longest remembered by || 
the majority of readers, are the History of the Orders of Nicole. 
Knighthood of the British Empire, four large 4to vols., 

1841-42 ; and The Dispatches and Letters of Admiral 
Lord Viscount Nelson, 7 vols. 8vo, 1844-46. In acknow- 
ledgment of his merits in connection with the former work, 
he was made a knight of the Hanoverian Guelphic Order 
in 1831, was appointed chancellor of the Ionian Order of 
St Michael and St George in 1832, and was advanced to 
the grade of Grand Cross by Her Majesty in 1840. Sir 
Harris left an unfinished History of the British Navy, in 
2 vols., which promised to be a work of very great merit. 

He was engaged in editing the papers of Sir Hudson Lowe, 
until within a few days of his death, which took place at Cape 
Curl, near Boulogne, August 3, 1848. (See Gentleman^ s 
Magazine for October 1848, which contains a complete list 
of his writings; and Athenceum for August 12, 1848.) 

Nicolas I., Pavlovich, Emperor of Russia, was the 
third son of the Emperor Paul, and was born at St 
Petersburg on the 7th of July 1796. He succeeded his 
eldest brother, Alexander L, on the 1st of December 1825, 
and was crowned at Moscow on the 3d September 1826. 

He declared war against the Shah of Persia in this latter 
year, incorporated the kingdom of Poland with his own 
empire in 1832, commenced a war with Turkey in 1853, 
which brought against hirii the allied armies of England 
and France in 1854, and died on the 2d March 1855, 
leaving his throne to his eldest son, the present Emperor 
Alexander IL (See Russia.) 

NICOLAS, or Nicholas, St, a town of Belgium, in 
the province of East Flanders, is the principal place in the 
populous and well-cultivated district called the Pays de 
Waes, 20 miles N.E. of Ghent. It is well built, with 
broad and regular streets, and a spacious market-place, 
surrounded with fine houses. There are several churches, 
one of which, that of St Nicholas, is a handsome structure; 
a town-hall, a college, several schools, an hospital, two 
orphan asylums, and a prison. Among the manufactories 
of the town, tanneries, breweries, distilleries, salt- refineries, 
dye-works, and potteries are the chief ; and in addition to 
these, linen, cotton, woollen, and silken stuffs, carpets, lace, 
hats, tobacco, chocolate, earthenware, &c., are manufac- 
tured. In corn, flax, hemp, linen, &c., an active trade is 
carried on ; and a market for flax is held here which is said 
to be the largest in the world. Pop. 20,500. 

NICOLAUS, surnamed Myrepsus, or “the ointment- 
maker,” the author of a Greek pharmaceutical work, flour- 
ished in the thirteenth century at the court of the Emperor 
John III. His treatise is known to the public only in the 
form of a Latin translation entitled De Compositione Medi- 
camentorum. Its value is almost cancelled by the fact 
that it places the most absurd monkish charms and talis- 
mans in the category of remedies, and is little else than a 
compilation from Nicolaus Praepositus, and other medical 
writers. Yet it has found a place in the second volume of 
H. Stephens’s Medicce Artis Principes, foL, Paris, 1567, 
and has since been reprinted. 

Nicolaus, surnamed Praepositus to distinguish him from 
Nicolaus Myrepsus, was the author of a liatin pharma- 
ceutical work 'entitled Antidotarium, and flourished in the 
former half of the twelfth century as the principal of the 
medical school at Salerno. His book was a standard autho- 
rity during the dark ages, was first printed at Venice in 
1471, and has frequently been republished. 

Nicolaus Damascenus. See Damascenus, Nicolaus, 

NICOLE, Pierre, one of the most illustrious of the 
Port-Royalists, was born at Chartres on the 19th October 
1625. His father, Jean Nicole, who was a parliamentary 
advocate, succeeded early in imbuing the mind of his son 
with not a little of his own taste for classical literature. At 
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Nicole, the age of fourteen this grave and studious boy had com- 
pleted his preliminary studies; and his father removed him 
to Paris, where, in 1644, he finished a course of philosophy 
and theology, and took his master’s degree. The univer- 
sity of Paris was at that time in a ferment touching the 
celebrated propositions of the Jansenists ; and Nicole had 
his attention turned to the solitaries of Port- Royal. The 
profound piety of that venerable community, and the austere 
tranquillity of their life, had strong attractions for a spirit 
so calm and meditative as that of Nicole, whose only wish 
was for study and retirement. He accordingly betook him- 
self to their quiet retreat, and divided his time during the 
three following years between studying the theology of the 
Sorbonne, and giving instructions in helles lettres in the 
educational institutions of Port-Royal. Having made ap- 
plication for licence, it was discovered that his opinions 
were not in accordance with those of any Roman Catholic 
university, much less with those of the theological faculty 
of Paris, and he resolved to content himself with his theo- 
logical haccalauriatj which he had obtained in 1649. From 
this period he attached himself more closely to Port-Royal 
and the Jansenists, and soon after took up his pen, in con- 
junction with the celebrated Antoine Arnauld, in defence 
of Jansenius and his doctrines. Nicole never adopted 
Jansenism, however, in all its extreme rigour. In various 
treatises written at a comparatively early period of his 
career, he took exception to not a few of the doctrines of 
his brethren of Port-Royal, even while he put forth all his 
strength in behalf of what he regarded as their grand claims 
upon his fellow-men. This attitude is most noticeable 
perhaps in a theological dissertation, published by him in 
1657, under the pseudonym of Paul Irenseus, designed to 
pacify the Church, and to prove that Jansenism was only 
an imaginary heresy. This interesting work bore the title 
of Disquisitiones sex Pauli Irenmi ad prcesentes Ecdesice 
tumulUis sedandos opportune^. In 1658 Nicole made a 
journey into Germany in behalf of the cause ; and during 
his residence there, translated into Latin the famous Lettres 
Provinciales, which had recently issued from the most 
gifted pen among the Port-Royalists. During the execu- 
tion of this task, the translator read Terence incessantly, in 
order to catch the rare pungency and sprightliness of the 
dramatist, and transfuse it, if possible, into his version of 
these immortal letters. Fie submitted his work to the 
Germans and Dutch as the performance of “William 
Wendrock, doctor of the University of Salzburg.” On his 
return he retired with Arnauld to Chatillon, near Paris, to 
devote himself with renewed ardour to the prosecution of 
his cherished pursuits. One of the earliest products of his 
pen in this retreat was the part he took in the composition 
of the celebrated “ Port- Royal Logic,” published anony- 
mously at Paris in 1662, under the title La Logique^ ou 
VArt de Penser ; a work of pre-eminent merit, which 
stands unrivalled even to the present day as an introduction 
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to the study of the laws of thought.^ In 1664 Nicole gave Nicole, 
to the world his well-known Perpetuite de la Foi, better 
known as La Petite PerpetuitS^ which the attempted re- 
futation of Claude induced the author to expand, five years 
afterwards, into La Grande Pe^'petuite, in 3 vols. 4to, The 
reputation gained for the humble Port- Royalist by this 
striking performance proved too much for his modesty, and 
he was fain to attribute the merit of it to his illustrious 
friend Arnauld. Les Visionnaires (1665-6), directed by 
Nicole against the absurd mysticism of the poet and 
romancist Desmarets, called forth a bitter attack from 
Racine upon his ancient master at Port-Royal. At the 
urgent request of his friends, Nicole in 1676 again solicited 
ordination, but found his Port-Royal sympathies too great 
a barrier for the liberality of the Bishop of Chartres. A 
Lettre which he wrote in 1677, for the bishops of Saint- 
Pons and Arras, to Pope Innocent XL, on the laxity of the 
casuists, raised such a storm against him that he was obliged 
to withdraw from the capital. On the death (in 1679) of 
the Duchesse de Longueville, the most ardent protectress 
of Jansenism, Nicole, considering himself as no longer safe 
in France, left the kingdom, and sought an asylum in the 
Low Countries. He returned to France in 1683, and after 
remaining in concealment for some time, ultimately took 
up his abode at Paris and resumed his literary occupations. 

It was during this period that he completed his Essais de 
Morale^ of which the first four volumes had been given to 
the public between 1671 and 1678. The last two volumes 
were published after the author’s death, the fifth in 1700, 
and the sixth in 1 7 1 4. After EArt de Penser^ it is unques- 
tionably on this work that Nicole’s reputation as a philo- 
sophical writer mainly rests. We search in it in vain, 
how^ever, for much decided speculative originality. His 
strength did not lie there. He is mainly occupied with de- 
lineations of a moral and religious nature, characterized by 
exquisite subtilty and discrimination ; but he seldom or never 
permits his thoughts to traverse the decisive circle meted 
out by his faith. Yet one constantly admires the delicate 
observation, steady judgment, and calm spirit of the man. 

Among his moral treatises there is, perhaps, no one more 
characteristic of the author, and certainly no one superior 
to Les Moyens de Conserver la Paix avec les Hommes. It 
is only after reading this that one can adequately estimate 
how great must have been that loyalty to the cause of truth, 
and devotion to the honourable brotherhood with whom he 
laboured, which could have induced so gentle a nature to 
leave the quiet which he loved so well, to do earnest battle 
in the arena of religious controversy, or to share in the 
fierce strifes of political partizanship.^ The repose which 
his nature longed after he was not destined to find here. 

‘‘ Rest ! we shall rest through eternity,” said the bright 
and brave Arnauld to him reproachfully, Nicole’s closing 
years were occupied with two notable controversies, — the 
one on monastic studies, in which he defended the liberal 


1 The authorship of this famous work was for a long time problematical. It was sometimes ascribed to Nicole, sometimes to Arnauld, 
and sometimes to both. The latter is the correct opinion, however; for the younger llacine, who w^as a pupil at Port-Koyal, informs 
us, that the dissertations and additions are by Nicole ; the first, second, and third parts by Arnauld and Nicole together ; and the fourtli 
by Arnauld alone. (See Barbier’s Dictionnaire dts Ouvrages Anonymes Pseudonymes, Paris, 1806.) After the first draft of the book in 
1662, numerous changes and additions were made to it in the editions which were issued during the lifetime of the authors. The fifth 
edition, from which the endless reprints which followed were taken, was published at Paris in 1683. It was translated into Latin soon 
after its first appearance ; and of the various versions of it in that language there have been a great number of editions. A Spanish 
translation appeared in 1759, and an Italian one some years previously. There have been three English translations of the Art of Think-' 
ing ; the first by “ several hands/’ in 1686 ; the second by John Ozell, in 1716 ; and the third by Thomas Spencer Baynes, in 1851, The 
latter is an admirable performance, and contains an introduction^ in which the scientific position, character, and history of the work are 
carefully traced. 

® The simple and ingenuous character of Nicole often manifested itself in extreme timidity and amusing eccentricity. If an objec** 
tion was raised in a discussion which he had not foreseen, he was entirely disconcerted. Trdvllle beats me,” he said, “ in the chamber; 
but before he reaches the foot of the stair I confute him,” Having resided for a long time in the Faubourg Saint-Marcel, some one asked 
him why lie preferred this locality. It is,” said he, “ because the enemies who menace Paris will probably enter by the gate of 
Saint-Martin, and will accordingly be obliged to traverse the whole city before reaching my place of abode.” “ When walking in the 
streets,” says the Comtesse de la Rivifere, “ he was always haunted by the fear that a tile would fall upon his head ; and when he tra- 
velled by water, he was in perpetual terror lest he should be drowned.” (Lcttrct do L, C. do la RmorOf Paris, 1776.) 
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Nicoll sentiments of Mabillon ; the other on Quietism, in which he 
II took part with Bossuet against Fenelon, but with infinitely 
^ ICO son>^ more honest manliness and liberality than was displayed by 
the proud “ Eagle of Meaux.” The weighty labours of a 
long life and the repeated excitement of controversy, for 
which his temper was so little fitted, had in 1693 produced 
their natural effect upon his health. After a lingering ill- 
ness of two years he was suddenly struck with apoplexy. 
Crowds of persons from all quarters of Paris hurried to 
visit the dying couch of the gentle-hearted pious old naan. 
Young Racine, now at the summit of his great fame, forgot 
his former animosity to the author o^Les Visionnaires, and, 
with a restorative medicine in his hand, hastened to where 
his old master lay. But it was all in vain ; the good man’s 
work was done. He died on the IGtli November 1695, at 
the age of seventy. Contrary to his expressed desire to be 
interred without ceremony, his remains were accompanied 
to the grave by the most distinguished men of the time. 

The works of Nicole, entitled Essais de Morale et In’- 
structions Theologiques^ form 25 vols. I2mo, and were pub- 
lished between i671 and 1714. They were reprinted in 
1741-44. Among a number of minor performances not 
already mentioned, there is a Vie de Nicole by the Abb5 
Goujet, forming the 14th vol. of the series. A Life of Nicole 
will also be found in Besoigne’s Histoire de Port-Royal^ 
vol. iv. ; and another by Saverien, in his Vies des Philosophes 
Mpdernes, vol. i. The role of Nicole at Port-Royal, and 
his dissent from certain positions of Pascal charged with 
scepticism, have been placed in a clear light by Victor Cousin 
in the Revue des Deux Mondes for January 1845. On 
the opposite 'side, see Flottes’ Etudes sur Pascal^ 1846. 

N I COLL, Robert, a Scottish poet, was born in the 
parish of Auchtergaven, in Perthshire, on the 7th of Janu- 
ary 1814. His parents were too poor to give him a regu- 
lar education ; but his mother, who was a woman of singu- 
lar energy and intelligence, snatched an occasional hour 
when her day of field-labour was done to teach her boy 
to read. His school education was of the most rudimentary 
character ; but by industry and courage he strove to supply 
the deficiency. At the age of eight we find him tending 
cattle for a livelihood, and eagerly reading books. When 
he was thirteen, he could write an occasional paragraph for 
a local newspaper ; and when bordering on twenty, he had 
completed his apprenticeship with a grocer and wine-mer- 
chant in Perth, and was known as a writer of tales, poems, 
and songs. In 1834 he opened a small circulating library 
in Dundee, and during the following year published a vo- 
lume of Poems and Lyrics^ which was very favourably 
received by the press, and soon passed through three edi- 
tions. His verses, without being characterized by any of 
the highest qualities of poetry, display great sweetness, 
purity, and tenderness, and breathe much of thejoyoqs hope- 
ful valour of his life. In 1836 his strongly liberal senti- 
ments got full vent in the pages of the Deeds Times, an 
ultra-radical journal, of which he had become editor. The 
spirit, energy, and devotion, with which he entered upon 
this new undertaking, soon tripled the circulation of the 
paper, but broke the health of the brave young poet. He 
had been little more than a year in this position when he 
was compelled to leave it. He died of consumption, at the 
house of a friend in the neighbourhood of Edinburgh, on 
the 9th December 1837, at the premature age of twenty- 
three. (See his Life by Mrs J ohnstone, in the* third edition 
of his poems.) 

NICOLO, San, the chief town of the island of Tinos, 
in the ^gean Sea, and the see of a bishop, has a modern 
catliedral, and a population of 4000. 

NICOLSON, William, Archbishop of Cashell, a 
learned antiquarian, was the son of a clergynaan, and was 
^rn at Orton, in Cumberland, in 1655. Having entered 
Oxford in 1670, he was chosen a fellow of Queen’s Col- 
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lege in 1679, and was shortly afterwards presented to seve- Nicoma- 
ral livings. His favourite studies now began to be prose- chus 

cuted with vigour. He produced The English Historical II 
Library in 1696-99; and The Scottish Historical Library 
in 1702; a series of national antiquarian works, which he 
afterwards completed in 1724, by the publication of The 
Irish Historical Library, His increasing fame was at- 
tended by high ecclesiastical preferment. He was pro- 
moted to the bishopric of Carlisle in 1702 ; was translated 
to the see of Londonderry in 1718; and had the arch- 
bishopric of Cashell conferred upon him in 1 726. His death 
took place a few days after his elevation to this last dignity. 

NICOMACHUS, a distinguished Greek artist, the son 
of the painter Aristodemus, was a native of Thebes, and 
flourished in the latter half of the fourth century B.c. He 
rose to be unrivalled both for the celerity and completeness 
of his execution. If we may believe Plutarch, he closely 
resembled Homer in the spontaneous, and, at the same 
time, graceful and vigorous play of his genius ; - and, ac- 
cording to Cicero, his pictures attained the very pitch of 
perfection. His success as a teacher was also great. 

Among his pupils he numbered several who were after- 
wards famous painters, such as his brother Aristides, his 
son Aristocles, Philoxenes of Eretria, and Corybas. Yet 
Vitruvius enumerates him among those artists who were 
prevented by fortune from rising to their proper place in 
the public estimation. The following pictures of Nico- 
maclius are mentioned by Pliny : — “ The Rape of Proser- 
pine,” “ Victory riding in a four-horsed Chariot,” “ Apollo 
and Diana,” “Cybcle,” “Female Bacchanals,” and “Scylla.” 

He was engaged in a magnificent picture of the “ Tynda- 
ridjE,” when he died. 

NICOMEDES L, the earliest of the Bithynian kings 
who bore that name, succeeded his father Zipoetes in 278 
B.C. He inaugurated his reign by the assassination of two 
of his brothers. This act of jealous cruelty rendered him 
unpopular. An insurrection, headed by his i*ernaining 
brother Zipoetes, broke out and established itself in the 
maritime provinces. Before tranquillity could be restored, 
he was forced in 277 b.c. to employ the assistance of a 
horde of Gauls who were then besieging Byzantium, and 
thus to give that race for the first time a fooling in Asia 
Minor. The rest of the reign of Nicomedes seems to have 
been spent in peaceful enterprises. In 264 b.c. he founded 
the great city of Nicomedia to be the capital of his king- 
dom, and- to perpetuate his name. Other beneficial under- 
takings were progressing under his superintendence, when 
he died about 250 b.c. 

Nicomedes II., surnamed Epiphanes, assassinated his 
father Prusias II., and seized upon the throne of Bithynia 
in 149 B.C. He had spent his youth at Rome as a hostage, 
had secured the favour of the senate, and was therefore 
inclined at first to trust for the prosperity of his kingdom 
to an alliance with the great republic. Not until about 
102 B.C., did he attempt to act independently of his power- 
ful allies. Joining himself to Mithridates, the great king 
of Pontus, he laid hold upon Paphlagonia ; and though he 
pretended to relinquish his conquest at the command of 
Rome, he set one of his own sons upon the vacant Paphla- 
gonian throne. The next encroachment of the crafty king 
was not so successful. By marrying Laodice, the widow of 
Ariarathes VL of Cappadocia, and by taking her orphan 
sons under his protection, he thought to gain possession of 
that kingdom. But the strong hand of Mithridates was by 
that time upon the coveted crown ; the Romans then in- 
terfered ; and Nicomedes, besides being foiled in his pro- 
ject, was deprived of his former acquisition, the kingdom of 
Paphlagonia. He died shortly after this of disappointment, 
about 91 B.c. 

Nicomedes III. was the son of the preceding, and suc- 
ceeded his father about 91 B.c. His territories lay too 
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Nicomedia near the seat of the grasping Mithridates to remain long 
J! , in tranquillity. In a short time his brother Socrates, in- 
Nicosia, stigated by that intriguing foe, rose in rebellion and drove 
him from his kingdom. No sooner had the unfortunate 
king, by the intervention of the Roman senate, been re- 
seated upon his throne in 90 b,c., than he was induced by 
the crafty counsels of Rome to embroil himself once more 
with Mithridates. The result was, that in the course of 
two years his forces were cut to pieces by the troops of 
Pontus on the banks of the Amnius ; his kingdom was in- 
vaded ; and he did not consider himself safe from his for- 
midable enemy until lie had fled as far as Italy. There he 
waited till the treaty concluded between Sylla and Mithri- 
dates in 84 B.c. restored him to his sceptre. The rest of 
his reign seems to have passed in comparative tranquillity. 
He died in 74 b.c., leaving no issue, and bequeathing his 
kingdom to the Romans. 

NICOMEDIA. See Ismid. 

NICOPOLIS (Turk. Nihopoly anc. Nicopolis ad Is^ 
trum)y a town of European Turkey, capital of a pashalic in 
Bulgaria, stands on the right bank of the Danube, just be- 
low its confluence with the Aluta from the N., and the 
Osma from the S., 80 miles S.W. of Bukharest, and 280 
N.W. of Constantinople. It consists of two parts ; one of 
which, inhabited by Mohammedans, and protected by a 
fortress, stands on a cliff of limestone, several hundred feet 
high, rising from the river, and surrounded on the other 
three sides by a ravine. Though provided with heavy pieces 
of artillery, this castle, being commanded by the surround- 
ing heights, is of very little importance as a defence. The 
Mussulman town is further defended by ramparts and bat- 
teries ; and though generally ill built, it presents a fine ap- 
pearance, wdth the many glittering minarets of its handsome 
mosques. On the slopes which rise beyond the ravine, 
stand groups of white houses, forming the other part of the 
town, and occupied by Bulgarians, Wallachians, and Jews. 
The surrounding country is very beautiful, and much of it 
is laid out in gardens. Owing to its convenient situation 
on the Danube, Nicopolis is a place of some commercial 
activity. It was originally founded by Trajan, of whose 
fortifications some remains still exist ; and it is remarkable 
as the place where the Sultan Bayezid I. defeated Sigis- 
mund, King of Hungary, in 1396. It has since that time 
been repeatedly injured by the Russians. Pop, about 
10 , 000 . 

Nicopolis, The City of Victory,’* a town of an- 
cient Greece, stood on the promontory of Epirus, on the 
low isthmus which separates the Ionian Sea from the Ara- 
bracius Sinus {Gulf of Arta), It was erected by Augus- 
tus in 31 B.c. to perpetuate the fame of the victory which 
he had gained at the neighbouring headland of Actium. 
Special care was taken to render it worthy of its imperial 
founder. A large population was drawn within its walls 
from the adjacent cities ; it was admitted into the Amphic- 
tyonic Council ; the privileges of a Roman colony were con- 
ferred upon it ; and it became the scene of a quinquennial 
festival, called Actia, in honour of the' above-mentioned 
battle. Under the successors of Augustus, Nicopolis con- 
tinued to be the capital of Epirus. It was, however, gra- 
dually sinking into decay ; and during the dark ages its 
dilapidated buildings w'ere finally abandoned. About three 
miles north of the modern town of Prevesa, a line of ruins, 
stretching across the isthmus, and. containing the remains 
of a larger and a smaller theatre, a palace, a stadium, and 
an aqueduct, still . indicates the site of the ancient city of 
Nicopolis. 

NICOSIA,' a town of Sicily, in the province of Catania, 
occupies two hills near ' the rivers Salato and Capizzi, 35 
.miles W.N.W. of Catania. It has several' churches and 
convents. Few or no manufactures are carried oh here ; 
but the' inhabitants gain their livelihood by agriculture, 


and by trading in its produce and in cattle. In the vicinity Nicosia 
alum, iron-pyrites, and rock-salt are found ; and there are ^ II 
some bituminous and sulphureous springs. Pop. about Niebuhr. 
13,000. 

Nicosia, or Lefkosia^ the capital of Cyprus, stands 
near the centre of the island, on the right bank of the 
Pedia, in a plain inclosed by mountains. Though some- 
what decayed from its former splendour, it still has a fine 
appearance when viewed from a distance ; but the streets 
are naiTOw and dirty, lined by houses of which many are 
in a ruinous condition. It is surrounded by walls and 
bastions, which have a circuit of about 3 miles ; but before 
these were erected by the Venetians, the town was of much 
greater extent. A handsome Gothic edifice, formerly the 
church of St Sophia, is now converted into a mosque, and 
many of its monuments have been injured by the hands of 
the Turks. Besides the churches, convents, and mosques, 

Nicosia has an ancient palace over the entrance of which 
the lion of Venice still stands ; a handsome bazaar ; and a 
khan or inn for the accommodation of travellers. Carpets, 
cotton stuffs, and leather, are manufactured here ; and the 
principal articles of commerce consist of wine and raw cot- 
ton. Nicosia is the seat of a Greek archbishop, and of the 
Turkish governor of Cyprus. It was formerly the resi- 
dence of the Cyprian kings of the Lusignan dynasty ; and 
in 1570 was stormed by the Turks, who on that occasion 
put to the sword about 20,000 of the inhabitants. Pop. 
about 16,000. 

NIEBUHR, Barthold George, the illustrious historian 
of ancient Rome, was born at Copenhagen the 27th August 
1776. He was son of the oriental traveller, Carsten Niebuhr. 

His family for many generations had been settled in Hadel, 
the north-western province of Hanover, where they occupied 
a small patrinqonial estate. The elder Niebuhr had been em- 
ployed by the Danish government on an exploring expedi- 
tion in Arabia, in the year 1760, in which he exhibited re- 
markable abilities and energy. On his return, after suffering 
great hardships, he received an appointment in Copenhagen, 
married, and ‘had two children, — a daughter named Chris- 
tiana, and a son, Barthold George, a few years her junior. 

The mother was also a German by birtli ; so that Barthold, 
though born in Denmark, was himself German on both sides, 
and learnt the German as well as the Danish language in his 
nursery. When he was two years old his father removed to 
Meldorf, the capital of South Denmark, a district of Holstein, 
lyingon the shore of the German Ocean, between the mouths 
of the Elbe and Eyder, which, though subject to Denmark, 
was occupied by a population claiming closer connection 
by origin and language with its German than its Danish 
neighbours. The inhabitants of this border-land had se- 
cured in the middle ages a certain political independence, 
of which they still retained the traces in their habits, their 
feelings, and their municipal institutions. From these in- 
stitutions, iri which the distinction of classes was strongly 
marked, Niebuhr drew many illustrations of his theory re- 
garding the relations between the patricians and plebeians 
of ancient Rome. 

The bent of Niebuhr’s genius, and his habits of mind, 
may be traced more clearly than in most cases to the cir- 
cumstances of his early years. From his father he derived 
his interest in languages, in geography, and in the manners 
' and institutions of different nations, together with unwearied 
diligence and great earnestness of character. To his mother 
he owed apparently his moral and physical susceptibility ; he 
was easily affected by change of climate and temperature, 
and liable to fits of peevishness and irritability; while at the 
' same time he was endowed with great warmth of heart, and 
gained the devoted affection of his friends and family. 

From his father’s employment as a fiscal agent in Denmark 
he acquired his turn for the subject of finance. Accus- 
tomed from his infancy to the marshes and moors of his 
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Niebuhr, province, it was not till late in life that he acquired a taste 
for picturesque scenery ; to the last the fens of Holland 
and the plains of the Campagna had more interest for him 
than the romantic glories of the Alps and Apennines. 
Meldorf seems to have afforded him no companion of his 
own age, and but little society among his elders, which 
could assist in expanding his intellect ; but Boje, the pre- 
fect of the district, an intimate friend of his father’s, was 
a man of cultivated mind and literary taste ; and young 
Niebuhr delighted in listening to their conversation, and, 
as he grew up, in devoui’ing the contents of their libraries. 
Marvellous stories are told of the quickness of his obser- 
vation, and his powers of memory. His first political in- 
terest was excited by the war between Russia and Turkey 
in 1787 , the course of which he followed, or, if his father 
may be believed, anticipated, with the map before him ; 
and the information he displayed in matters of history, geo- 
grapliy, and statistics, was from the first extraordinary. In 
1790, his thirteenth year, he was placed at the gymnasium 
of Meldorf; in 1792 he was removed to a commercial 
school at Hamburg, and in 1794 was admitted into the 
university of Kiel, The system of education at a small 
German university such as Kiel, was very similar to that, 
little noticed and soon to be forgotten, pursued in our East 
India College at Haileybury. The students, about 100 in 
number, lived in habits of easy intercourse, and often of 
affectionate friendship, with the professors and authorities, 
frequenting their little parties, and associating with their 
wives and daughters. The course of study, ranging over 
two years, was wide, but necessarily superficial, exercising 
the memory more than the understanding ; the students 
attending, with considerable latitude of choice, the lectures 
of teachers in the learned languages, in German and Danish 
history, in jurisprudence, logic, metaphysics, natural philo- 
sophy, chemistry, “ aesthetics,” and philology, and probably 
others, delivered orally and taken down in writing ; great 
stores of which manuscripts, more or less methodically 
arranged, they carried away with them to form the basis of 
future works or lectures of their own. On all these subjects 
Niebuhr gained crude masses of information which none 
but a mind of extraordinary activity, such as his own, could 
have digested. But a more important acquisition than all 
this learning, for the future development ofhis character, was 
the friendship of Madame Hensler, the widowed daughter of 
one of the professors, a woman of remarkable sense and in- 
telligence, towards whom, being six years her junior, he 
continued through life to entertain the most respectful 
regard, with whom he corresponded, without reserve, on 
all bis thoughts and feelings, and whose younger sister he 
afterwards married. Here he also formed many valu- 
able intimacies; with the two Counts Stolberg, with 
Count Adam Moltke, with Voss, Jacobi, Reventlow, and 
Schlosser. 

At Easter 1796 Niebuhr left Kiel. The reputation of 
his abilities had become known to Count Schimmelmann, 
the Danish minister of finance, who offered him the place 
of private secretary. The elder Niebuhr, it seems, had 
looked forward to his son following his own steps as a 
geographer and explorer; but he felt that the delicacy of 
his health was an obstacle ,to the realization of this plan, 
and he now advised him to accept this opening to official 
life at home. Niebuhr accordingly went to Copenhagen, 
and entered his new patron’s service ; but in August the 
same year he was appointed secretary to the roy£d library 
by the prime minister Bernstorff, the duties of which post 
he combined, at least for a time, with those of the other. 
Almost at the same time he received the offer of some 
literary post in France; and again Schimmelmann proposed 
to him the situation of consul-general at Paris. Both 
these offers he declined, ‘‘How could I bear,” he said, 

“ to live so far from all who are dear to me, among a na- 


tion to whom in general I have an aversion ? ” Such was Niebuhr, 
the variety of openings, not lucrative perhaps, but involv- 
ing some responsibility, which presented themselves to a 
young German of twenty years of age, known for his abilities 
only in the small circle of one of the least conspicuous of 
German universities. 

In August 1797 Niebuhr went to see his friends in 
Holstein. On this occasion the regard he had long enter- 
tained for Amelia Behrens, the younger sister of Madame 
Hensler, determined him to make her the offer ofhis hand ; 
and the young couple, Niebuhr being at this time twenty-one, 
and the lady three years older, became solemnly betrothed. 

He returned to his duties at Copenhagen ; but his views now 
pointed to a professorship at Kiel, which might enable him 
to marry, and devote his life to literary labours. Before, 
however, entering deliberately on the career to which he had 
destined himself, Niebuhr was anxious for the improvement 
to be derived from foreign travel, and particularly for an 
opportunity of making himself acquainted with England, a 
country to which his father was much attached, and in 
which he had himself felt especial interest from a child. In 
June 1798 he sailed from Cuxhaven, landed at Yarmouth, 
and went direct to London, where he resided till October, 
and then fixed himself for six months at Edinburgh. Here 
he attended the university for one session, and after tra- 
velling through parts of Scotland and England, returned 
home in November 1799. His letters from this country show 
with what active interest he studied the character and customs 
of the English ; but it is to be regretted that the acquaint- 
ance he formed here was confined to a few families and 
individuals within a narrow circle ; and the habit of hasty 
generalization, to which he was through life addicted, was 
never more conspicuous than in the conclusions he drew 
from his limited experience regarding the whole subject of 
English life and manners. 

In the spring of 1800, Niebuhr having obtained two 
small appointments from the government at Copenhagen, 
took up his residence there, and married his betrothed. It 
is from this time that his thoughts and reading began to be 
directed particularly towards classical antiquity, gradually 
centring in the history of ancient Rome. Six years passed 
in intense study and moderate employment, until, in 1 806, 
his name, not only as a scholar, but as a man of business 
and knowledge of commerce and finance, rising higher and 
higher, he received an invitation to transfer himself to the 
service of the Prussian government. In accepting this 
offer, after mature deliberation, he acknowledges himself to 
have been influenced in some degree by pique at an anti- 
cipated slight in his official career in Denmark. His temper 
was undoubtedly irritable, and his extraordinary quickness 
of apprehension was combined apparently with some rest- 
lessness ; but the charges sometimes made against him, of 
ingratitude to his first patrons, and insensibility to the 
claims of his country, are wholly unreasonable. Schimmel- 
mann and Bernstorff seem to have given their full con- 
sent and approval to his proposed migration ; and Niebuhr, 
as we have seen, was himself a German, not a Dane, by 
origin. At that moment, in the attitude of resistance to 
France assumed generally by the nations of Eastern Eu- 
rope, a feeling of common nationality pervaded all the 
people, at least of Teutonic birth and language. At a 
later period, indeed, when the independence of the whole 
of Germany seemed hopelessly lost, Niebuhr could con- 
template without hesitation the prospect of seeking a retreat 
for his literary labours in Russia, 

The change of life, however, which he now made was, 
at its commencement, far from auspicious. He had en- 
rolled himself a citizen of Prussia at a moment when the 
very existence of the Prussian state was trembling in the 
balance. He arrived at Berlin, October 5, 1806, only nine 
days before the fatal battle of Jena, which, with the disas- 
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Niebuhr, ters Tvhich rapidly followed, obliged him quickly to quit the 
— / capital, and seek more and more distant retreats in the 
train of the flying government. He thus passed through 
Dantzic and Kbnigsberg; and at last, about the beginning 
of 1807, found himself at Memel, the northern extremity 
of the kingdom. He had been placed in the department 
of finance, for which he was qualified by previous connec- 
tion with the bank at Copenhagen. The minister who had 
discovered his merit, and secured his services for Prussia, 
was Von Stein, who seems to have had the highest con- 
fidence in his abilities as a financier. But the overthrow of 
Prussia in the war with France brought about a complete 
change of administration. Stein w^as replaced by Harden- 
berg ; yet, though he lost a personal friend at the head of 
afiairs, Niebuhr’s talents seem to have been not less appre- 
ciated by the new minister. The financial department of 
the commissariat was intrusted to him, and he removed to 
the head-quarters of the government at Tilsit ; till, on the 
utter overthrow of Prussian independence, he desired leave 
to retire to Copenhagen, and there await the result. He 
was prevailed upon to remain; and when Napoleon de- 
manded the dismissal of Hardenberg, Niebuhr, in the wreck 
of the government, was appointed with four others as a pro- 
visional commission to carry on affairs till a new adminis- 
tration could be formed. The finances of the country were, 
of course, in utter confusion ; immediate measures were 
required to provide for paying the interest of the public 
debt ; and some fiscal reforms and arrangements, now set on 
foot by Niebuhr, were accepted afterwards by Stein, when 
he succeeded to the head of the government. Niebuhr 
was now appointed to negotiate a loan at Amsterdam, and 
thither he repaired with his wife in March 1808. There 
he remained for a year ; but his negotiation was unsuccess- 
ful : he paid a visit to Ditmarsh in 1809, and returned to 
Berlin at the end of the year, where he was once more 
placed at the head of the department charged with tlie 
management of the national debt and the supervision of 
the banks. 

In 1810 Niebuhr found his administrative views so much 
at variance with those of Hardenberg, who had once more 
replaced Stein, that he demanded his dismissal, and re- 
quested at the same time an appointment as professor at 
the new university then about to be opened at Berlin. In 
his conduct in this matter it seems impossible to acquit 
him of waywardness, and of weakly giving way to his ha- 
bitual restlessness of disposition. Hardenberg was sincerely 
anxious to ret^n his services, willing to disjuss and con- 
sider his views, and to come to an understanding with him ; 
and Stein himself, the rival of Hardenberg, and Niebuhr’s 
atron and personal friend, judged his conduct indefensible, 
n a private letter to Humboldt, Stein thus expresses him- 
self, — “ Niebuhr declares his dissentient opinion. M. von 
Hardenberg invites him to discuss the matter with him, 
and to send another plan : to this he vouchsafes no reply ; 
but instead hands in a lengthy chain of arguments* against 
Hardenberg’s plan to the king, without bringing forward 
any other project ; and now he wants to appear as a martyr 
to the truth. All this is nothing but a refined egotism,” 
&c. ^ Niebuhr, it would seem, was beginning to pine again 
for the literary occupation to which he was always recur- 
ring in the midst of his official duties. After stating to 
Madame Hensler, in very general and vag\ie terms, his 
grounds of dissatisfaction with the government measures, 
he adds,— “ Besides this, I must confess, that my sorrow for 
the sacrifice of my inward life to this miserable finance 
often wakes up with renewed force.” He allows himself 
to ramble on in a very unworthy strain of reflection. A 
consciousness how dearly any perfection in this art must 
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be purchased by a man who is fit for something better, is Niebuhr, 
probably the true reason why so few honest men have ever 

made themselves masters of it For a long time 

past I have been almost unable to refresh myself by study. 

.... This estrangement from my true life has now lasted 
nearly three years and a half.” It was evidently high time, 
to speak in the mildest language, that the man of letters 
should return to the occupations from which he had been 
so long dissevered ; and we may rejoice, as he did himself, 
when the king acceded to Hardenberg’s recommendation, 
and gave him the post of historiographer. The minister^ 
however, continued to consult him occasionally on financial 
matters ; and Niebuhr, released from the responsibilities of 
office, was not unwilling to tender his counsel. 

We may ascribe to the natural vanity of a young man, 
raised to important public offices by the disastrous circum- 
stances of his country, — ^fbr the flower of the youth of 
Prussia was drained off into the army, — the overweening 
opinion Niebuhr seems to have entertained of his adminis- 
trative abilities. But none of his admirers — and no man 
has received more indiscriminate admiration — have ever 
pointed to any special service he rendered to Prussia in 
the various situations he filled in the government; and 
there seems much reason to apprehend that, in relieving 
himself from his official duties, he yielded to an imprac- 
ticable temper, ill suited to the conduct of public affairs. 

However this may be, — and his friends, it should be men- 
tioned, averred that eventually even Stein acknowledged 
the correctness of his views on the question between him 
and his superior, — there can be no doubt that the change 
now made in his career was fortunate for his fame, for his 
comfort, and for the interests of literature. From this time 
Niebuhr experienced but little interruption in his devotion 
to letters, to classical antiquity, and specially to the history 
of Rome. When the Prussian government was in want of 
able civil administrators to direct or recruit the finances, it 
was obliged to seek out a clever youth from a neighbouring 
country, almost fresh from academic distinctions ; but when 
it had to create a new university in its capital city, and 
furnish it with a body of professors fitted by their reputa- 
tion and abilities to place it at once on a level with the 
oldest and most renowned seats of learning in Germany, it 
could command the services of a whole corps of men, each 
of them among the most illustrious in his own department 
of knowledge. Niebuhr, whose reputation was destined to 
eclipse them all, was less famous in 1811 in the republic of 
letters than Schleiermacher, Savigny, Heindorf, Buttmann, 
and others perhaps of the Berlin professors, among whom 
he was now to be admitted. In the prostration of Prussia 
at this period, while Stein at least, and a few others per- 
haps, were secretly preparing the country to re-assert her 
independence at the favourable moment, the men of letters 
seem to have made up their minds to forget tlieir political 
degradation in their earnest devotion to intellectual specu- 
lation. The university of Berlin gave great impulse to 
thought among the educated men of the country ; the pro- 
cessors above enumerated exercised, with many others, 
great influence on the intellect of the age, and impressed 
a character for boldness, freedom, and originality upon the 
literature of Northern Germany. In his capacity of histo- 
riographer, Niebuhr devoted himself specially from the 
first to the history of ancient Rome. In 1811-12 he de- 
livered courses of lectures upon this favourite subject ; and 
these, with the promptness and ardour of his impatient 
temperament, he worked up without delay into two volumes 
of a history, which he published before the close of the 
second of these years. The appearance of the original edi- 
tion was unfortunately timed. The stirring political events 
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ITiebulir. of 1813 cast it wholly into the shade. Even the author, 
in the ardour of his patriotism, was contented to for- 
get it while he himself carried a musket on the exercising 
ground, and undertook at the same time the conduct of a 
political journal. With the return of peace and leisure for 
literature, the history was not found to command all the 
approbation or attention its author might have expected. 
Though at a later period, as has been already intimated, 
he changed his views on many essential points, he was far 
from acquiescing at the time in the objections urged against 
them, and continued loudly to proclaim the blindness and 
stupidity of all who refused to accede to them. It was for- 
tunate, perhaps, that a long interval was now given him for 
reflection. He had scarcely resumed the quiet tenor of his 
lectures and studies, after the return of peace, when it was 
painfully interrupted by the increasing weakness, and 
finally by the death, of his amiable wife, whose health, al- 
ways precarious, seems to have suffered much from the 
hardships of the migratory winter of 1806. Her parting 
injunctions to him were to continue his history “ for her 
sake j” she had perceived, perhaps, that his task had be- 
come already irksome to him, and he wanted encourage- 
ment to pursue it. But her loss for the time completely 
broke his spirits, and he accepted, as a relief, the timely 
and considerate offer of the Prussian embassy at Rome, — a. 
post winch ordinarily was little more than honorary, but 
' which, in the contemplated event of a concordat being ar- 
ranged with the Pope, would require both tact and ability. 
Before setting out on this long and distant banishment, at 
which his sensitive nature was considerably dismayed, 
Niebuhr was fortunate in securing himself a second wife 
in the person of Margaret Hebrem, the niece of Amelia, a 
woman of excellent sense, though probably with less appre- 
ciation of his intellectual character than the first, and who, 
confident of the influence she should gradually win over his 
affections, was content to stand avowedly second for a time 
in liis imagination. 

In July 1 816 the newly-married couple quitted Germany. 
They were accompanied by Brandis, who has since attained 
a distinguished name in literature, as secretai’y to the lega- 
tion. They passed through Wurzburg and Munich, where 
Niebuhr did not omit to examine the MSS. in the libraries ; 
Innsbruck, where he inquired with intense interest into 
the circumstances of the recent patriotic struggle of the 
Tyrolese ; and Verona, where he made his discovery of the 
Institutes of Gaius. This discovery was notified by Nie- 
buhr in a letter to Savigny from Venice, but he at first 
supposed the fragment to be a portion of Ulpian. He 
copied on the spot a single leaf, and sent it by way of spe- 
cimen to his friend at Berlin, where measures were promptly 
taken for the recovery and publication of the lost treasure. 
After visiting Venice, Bologna, and Florence, he reached 
Rome on the 7th October 1816. At the period of his ar- 
rival there he seems to have been depressed in spirits and 
suffering in health ; he saw Italy also for the first time 
under the pressure of famine ; and, among other personal 
inconveniences, the vessel in which his books were sent to 
Leghorn was wrecked at Calais, and he I'emained for seve- 
ral months uncertain of their fate. He complained of the 
character of the people ; he was dissatisfied with, perhaps 
disappointed at, the meagre remains of antiquity which were 
alone apparent — at least on a first view — upon the site of the 
greatest of ancient cities, as well as in the country around ; 
and he was harassed by the difficulty of studying at a place 
where he could only read in the public libraries on certain 
days, and for some limited hours. Under these circum- 
stances, peculiarly untoward to a man of his temperament, 
he seems to have been long unable to work upon the His- 
tory to which he had hoped to devote himself with more 
zeal than ever ; and though he was never idle, and con- 
stantly making some discoveries among the MSS. of the 
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Vatican, he did not for som^ time recover the even tenor Riebuhr. 
of his literary habits. Gradually, however, the vexations 
of his position wore off ; he was able to look with more in- 
dulgence on the character of the people ; he found more to 
admire and attract him in the scenes around him ; the re- 
spect in which he was personally lield enabled him to relieve 
himself from the frivolities of the society among which his 
position might have thrown him; he regarded with genial 
sympathy the enthusiasm of a clique of young German 
artists, especially the painter Cornelius, who, in their turn, 
revered him as a patron and director ; and, finally, the birth 
of a son, in April 1817, came opportunely to brace all his 
energies, and fill him with pleasant and hopeful views of 
life. To the child he gave the Roman name of Marcus ; 
and began from the first month of its existence to lay out 
his plans for its future education and career- He con- 
tinued all this time in constant correspondence with his 
literary friends at Berlin, especially with Savigny and Ni- 
colovius; but his letters to Madame Hensler still pre- 
sent, as before, the fullest picture of his life, his thoughts, 
and his interests. He occupied himself with his usual as- 
siduity, but in desultory studies, tending, however, for the 
most part, in the direction of Roman history, the reading of 
the Latin scholiasts, the publication of various fragments 
he discovered of Livy and Cicero, and the investigation of 
the history of the successors of Alexander, as a preparation 
for the period when the Romans first came in contact with 
the Greeks and Orientals. During the greater part of his 
residence in Rome he occupied lodgings in an old palace 
built on a lofty story of the ancient theatre of Marcellus, 
which lies between the Capitoline and the Tiber. 

The negotiations with the papal government, to carry 
on which Niebuhr was ostensibly sent to Rome, were not 
brought to an issue till 1821, when he had been at his post 
more than four years. The favourable termination of the 
affair followed quickly upon a visit paid to Rome by Har- 
denberg in person, and the minister’s friends claimed for 
him the merit of settling it. The friends of Niebuhr, on 
the other hand, maintained that all the preliminaries had 
been arranged by him, and that the successful issue itself, 
though Niebuhr himself allowed all the credit of it to fall 
to his superior, was owing to his zeal and tact. There can 
be no doubt that Niebuhr had made himself personally re- 
spected both by Pius VII. and his minister Cardinal Con- 
sal vi ; but it appears that he had to wait nearly four years 
for his instructions from the court of Berlin, and in the nego- 
tiations thems^lves he «ould have borne little part. At 
all events it would seem, from the serious quarrels which 
ensued fifteen years later between ,thie popish Archbishop 
of Cologne and the Prussian government, that the concor- 
dat, whether it were the work of Hardenberg or of Nie- 
buhr, failed to make a practical settlement of the questions 
it dealt with. 

Brandis, the secretary of legation, had removed from 
Rome before this time. He was succeeded by Bunsen, 
who became one of the most devoted of Niebuhr’s friends 
and admirers. In 1821 Niebuhr was engaged in sketching 
the plan of the great work on Roman topography which 
Bunsen, Plainer, and other coadjutors, have since given to 
the world, — a. work ill arranged and unequal in the execu- 
tion of its parts, but deserving, on the whole, to be con- 
sidered one of the most important and valuable of modern 
additions to our knowledge of Roman antiquity. Some of 
the chapters, particularly that which gives a general history 
of the site of the city, — the most vivid and interesting of 
the whole,— were contributed to the work by Niebuhr. 

In 1822 Niebuhr had been six years absent from home. 

The chief object of his mission had been effected, and not- 
withstanding the increasing estimation in which he was 
held, and his consequently increased means of usefulness, 
evinced on some public occasions, he became anxious to 
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KiebBlir. return to Germany. His family now consisted of one son 
and three daughters, and he was dismayed at the idea of 
bringing up children amidst a society for which generally 
he had so little respect. Having obtained, in the first in- 
stance, temporary leave of absence, he allowed himself, ap- 
parently for the first time, — such was the insecurity of the 
country even round Frascati and Tivoli, — to leave the im- 
mediate neighbourhood of Rome, and paid a visit to Naples 
in the spring of 1823. Returning from thence at the end 
of five weeks, he took his farewell of Rome, and commenced 
his journey northward in May. At St Gall he passed some 
weeks, to recruit his health and to examine the MSS. in the 
library there, — a labour which was repaid by the discovery 
of the poem of Merobandes, which he prepared for publi- 
cation during his stay. From St Gall he went to Heidel- 
berg, and then on a visit to Brandis at Bonn, where he 
proposed to take up his residence until it should be finally 
decided whether or not he should return to his post at Rome. 

At Rome, Niebuhr resumed his history in earnest. Some 
new light had dawned upon him, and cleared up difficulties 
that had long, perhaps unacknowledged to himself, thwarted 
his efforts to make any substantial advance. But while still 
engaged on his third volume he recurred to the correction, 
and eventually to the re-casting of the two former, and 
these occupations were again interrupted by a visit to Ber- 
lin. Here he obtained a final release from his duties as 
ambassador, and was gratified with a pension. He was 
expected, however, to remain for a time in the capital, and 
give his aid to a financial commission. In the course of 
1824, however, he was allowed to return to Bonn, and to 
devote himself to studies, directed henceforth, rather than 
interrupted, by the congenial duty of delivering lectures in 
the university on ancient history. His first course (1824) 
was on the history of Greece after the battle of Chaeronea : 
this was followed by others on Roman antiquities, in the 
winter of 1825, repeated in 1827; on ancient history gener- 
ally, 1826; ancient ethnography and geography in the 
winter of 1827; the history of Rome under the empire, 
in 1828 and 1829; and a second course on earlier Roman 
history, in the Summer of 1830. 

The appreciation of Niebuhr’s services to literature seems 
to have grown rapidly at this period, and this evidently in- 
spired him with more genuine confidence in himself than, 
notwithstanding a sanguine, indeed we must say a boast- 
ful, habit of talking, he had hitherto really felt. In October 
1825 he began to work again regularly on his History, and 
he commenced a thorough revision of the first volumes, 
without a pang of regret for the past or misgiving for the 
future, with the full assurance that the book was about “ to 
gain immensely in value,” and “ its principles to be fixed 
immoveably for all ages.” “ I do not hesitate to say,” he 
writes in April 1827, “ that tlie discovery of no ancient his- 
torian could have taught the world so much as my work ; 
and that all that may hereafter come to light from ancient 
and un corrupted sources will only tend to confirm or de- 
velop the principles I have advanced.” When the two 
volumes appeared in their new form, they were at once re- 
ceived with acclamations by the learned, and Niebuhr un- 
doubtedly had the happiness of feeling that he had given a 
new impulse to historical study, and created, in fact, an era 
in literature. Among the compliments he received, none 
seems to have been more gratifying to him than the zeal 
and ability with which his work was translated by Messrs 
Hare and Thirlwall, and the favour with which, under their 
auspices, it was regarded at the university of Cambridge. 

Besides working at his History (which he carried on 
through a third volume), and the daily occupation of the 
lecture- room, Niebuhr found time to undertake the super- 
intendence of a great work, no less than the publication of 
the Corpus ScriptorumS^zantinorum, to which he himself 
contributed an edition of Agathias. His name attracted a 


number of able assistants, and he received abundance of Riehuhr. 
important subsidies from foreign countries, as well as from 
Germany, in the shape of collections, emendations, &c. 

Of this work he speaks with his usual ardour ; “ Is it not a 
great thing that a publisher and a philologist should be able 
to accomplish in six years from hence at the furthest, a work 
that was but partially carried out in sixty years, under the 
auspices and with the munificent aid of Louis XIV. ?” But 
his labours now were as regular and methodical as they 
were incessant. His residence at Bonn continued with 
hardly a day’s interruption, excepting one journey to Hol- 
stein; his mode of life was simple, his hours of study and 
relaxation systematically allotted, and though always ac- 
tively alive to tlie politics of the day, and a regular fre- 
quenter of the public news-room, he did not suffer his atten- 
tion to be diverted to other literary occupations than those 
above mentioned. He no longer indulged in visions of 
great works to be carried on simultaneously with his His- 
tory, nor even to succeed it. He began even to limit his 
views with regard to the great work of his life, and pre- 
scribed the triumph of Octavius as the termination of its 
career. Yet he was more cheerful at this than at any other 
period of his life, and seems to have hoped to attain liis 
seventy years, like the generality of people, as he says, 
about him. He had visions also of a future visit to Rome, 

“ twelve years hence.” But all these visions or anticipations 
were suddenly cut off. In the winter of 1830 he had the 
misfortune to suffer the loss of his house and some of his 
books and MSS. by fire. He returned to his work with 
more elasticity of spirit than might have been expected at 
his age ; nevertheless he was considerably shaken by the 
anxiety and mortification it occasioned him. The French 
revolution of July 1830 was a still severer blow. He had 
long regarded the progress of republican principles with a 
morbid horror, and his mind was now filled with the worst 
forebodings. He became more assiduous than ever in his 
study of public events, and in his visits to the news-room. 

At last, on the evening of Christmas-day 1830, he caught 
a chill in walking home from the casino, where he had 
been more than usually excited and heated in perusing the 
account of the trial of Charles X.’s ministers. He took to 
his bed, but inflammation of the lungs set in, and in the 
course of a week his illness reached a fatal termination. He 
died on the 2d January 1831; and his wife, who had 
sickened at his bedside, died also on the 11th. They 
were buried in the same grave, over which the present 
King of Prussia, formerly his pupil at Berlin, erected a neat 
and appropriate monument. Upon it a Roman Caius is 
represented as taking his Caia by the hand, and the linea- 
ments of the two figures portray, with a certain air of 
Roman formality and sternness, the features of Barthold 
George Niebuhr and Margaret Hensler. In the summer 
of 1831 this monument was not yet in existence; but the 
eyes of the writer of this notice were attracted to a simpler 
memorial of the great historian at Bonn, in the brass plate 
on which his name was inscribed still affixed to the door of 
the house which was his no longer. 

The reputation of Niebuhr as a philologer and historian 
had reached, as we have seen, a distinguished eminence at 
the time of his decease, and it still continued to rise. He 
was admitted, both in Germany and in this country, as a 
standard authority on the points of classical antiquity to 
which he had devoted himself, and the revolution he had 
aimed at effecting in the principles of Roman history were ac- 
cepted, almost without dispute, as accomplished and ratified. 
According to the testimony’ of his admirer the Chevalier 
Bunsen, he was even more fully appreciated in England than 
in his own country ; and the fact of 7000 copies of the 
English translation of his History (vols, i. and ii.) having 
been purchased within eight or ten years from the publica- 
tion, is adduced in proof of our superior discernment. But 
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NUtuhr. even in Germany, as Niebuhr himself remarked, with re- 
ference to the sale of his Byzantine Corpus^ a class of 
wealthy collectors had arisen, the number of which fur- 
nished no measure of the number of readers ; and any man 
acquainted with English scholarship knows well that, not- 
withstanding a certain amount of superficial reading or 
handling of Niebuhr’s volumes, there were but few among 
us who really made a study of them, or rendered them- 
selves competent to express a reasonable judgment upon 
them. Still, the great principles of his work, his reputed 
discoveries, and more particularly the spirit in which they 
were conducted, sank deeply into the academic mind of 
England ; and his genius, especially after it received the 
enthusiastic adoration of Arnold, was admitted as almost 
beyond cavil, or even qualification. In Germany the re- 
sults of his investigations were more strictly questioned 
from an early period, and more severely criticised. The 
time was coming when a great re-action was to set in with 
regard to Niebuhr’s estimation in this country also. There 
can be little doubt that the publication of his Lectures,' and 
still more of his correspondence {Lehensnachrichten^ &c., 
abridged and translated into English, 1852) has tended 
very sensibly to diminish it. The Lectures, it must be al- 
lowed, have been published at a great disadvantage, having 
been only taken down from his oral delivery in the lecture- 
room, and bearing evident marks, not only of the occasional 
haste and incorrectness of all lectures delivered vive voce^ as 
these were, without even the assistance of notes, but of in- 
experienced and unskilful abridgments, and often of actual 
misconception. Of these Lectures three series have been 
given to the world by Dr Leonhard Schmitz, himself a 
hearer of them : they embrace a course on Ancient History 
generally, which must be pronounced extremely meagre 
and colourless; and another on Ancient Ethnology and 
Geography, about one-half of wdiich is devoted specially 
to Italy and Rome, undoubtedly far more interesting, 
though abounding, to what must be called a morbid extent, 
in crude theories and groundless assertions. A third course, 
that on Roman History, extending as far as the reign of 
Constantine, gives a connected view of the spirit in which 
Niebuhr would have treated the later portions of the work 
before him ; it cannot be said, however, that it evinces any 
of the novelty or originality which so strongly characterize 
his discussions on the earlier period, nor is it drawn out 
sufficiently in detail to enable us to judge of his powers of 
narration and description. On the whole, it must be said 
that these Lectures have been received with great disap- 
pointment by the English reader, and have given a shock 
to the feeling of unbounded devotion with which the autlior 
was previously regarded. 

1 he publication of the Lebensnachriehten is perhaps 
still more to be regretted than that of the lectures. The 
correspondence of Niebuhr exhibits, no doubt, in glowing 
colours, liis earnestness of character, his strict integrity, 
his generous sympathy with everything noble, and de- 
testation of all meanness and injustice. Yet all this 
was patent to a reader of ordinary insight on the face 
of his published History, and required no further illustration 
from his life and letters; while the evidence we receive 
from it of his amiableness as a son, a husband, a parent, 
and a friend, is in some measure balanced by certain indi- 
cations of peevishness, changeableness, and other infirmities 
of temper, which are calculated to provoke and mortify 
those who were most disposed to admire him. But it is 
with Niebuhr’s literary character that we are most concerned. 
The correspondence, and various essays and fragments of 
essays on literary and political subjects, contained in the 
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Kleine Schriften betray infirmities of judgment which are Niebuhr, 
quite surprising.^ His views, for instance, on the dates of 
Petronius and Quintus Curtius, are now generally regarded 
as founded on very inadequate bases. His theory that the 
municipal institutions of Italian towns in the middle ages 
were derived, not from the northern conquerors, but from the 
Romans, has been rejected by modern inquirers. He was 
especially proud of his acquaintance with the institutions 
and politics of England; yet he was wont to illustrate the 
claims of the Italian allies on the Roman republic by com- 
paring them with the demand of the Irish Catholics for 
the so-called emancipation, forgetting that from 1793 the 
Catholics had acquired the franchise, the point for which 
the Italians contended, and that their later cry was for 
admission to Parliament, to which the claims of the Italians 
presented no analogy whatever. His want of practical 
good sense is shown characteristically in the notion he 
elsewhere promulgates, that it would have been best for 
the world that Spain should have retained her American 
colonies, opening the trade with them to foreign nations 
through Cadiz as an emporium, evidently with a retrospect 
to the days of ancient or mediaeval commerce. All these 
views, and many others equally frivolous, are advanced with 
a dogmatism which is painful in a man of real genius, as in 
any other it would be ridiculous. Further, we have clearly 
seen how much he prided himself on his insight into the 
principles of finance ; yet we have observed how, on the 
first occasion when an opportunity really offered for bringing 
this insight to a practical test, he broke down completely, 
and, in fact, fled from his post. Gibbon gives three rea- 
sons for the decline of the Roman empire : a distinguished 
English writer of the present day has rejected them all, 
and laid it wholly on the restriction of the currency and the 
want of bank-notes. This is a question which it requires not 
book-learning but actual knowledge of affairs to solve; and 
of all others it is the question which we had a right to look 
to Niebuhr, with his official training, to elucidate. Yet, 
strange to say, there is not a single passage in his History, 
his Lectures, his Essays, or his Correspondence, which 
shows that he had ever considered the financial and mo- 
netary system of the Romans at all. 

Grave complaints have been made against Niebuhr by 
the Liberals of modern days, for his alleged desertion of 
the cause of freedom. A fair consideration of his various 
writings fully rebuts this ill-natured accusation. That 
there are indications in the course of his life of some vacil- 
lation and indistinctness in his views, is no more than may 
be said with equal truth of almost all thoughtful men, — 
men of speculation rather than of action, — whose lot has 
been cast in periods of change and amidst the trial of politi- 
cal principles. Niebuhr’s political creed is ably and satisfac- 
torily drawn up in a communication from the Chevalier Bun- 
sen to the translator of his Correspondence ; though we must 
here again remark the unpractical character which appears 
on the face of his scheme for developing the parliamentary 
system of Prussia. Deeply impressed as he was with the 
hollowness of the election system in modern European 
constitutions, on a mixed but uniform basis of property and 
numbers, he would have filled his deliberative assemblies 
by appointment from town-councils and corporations, — a 
notion which he probably derived from the conventions of 
the Roman provinces under the empire. 

There is yet another subject on which it is still more pain- 
ful to speak. The character of Niebuhr’s mind is remarkably 
exemplified by liis manner of dealing with religious subjects. 

His feelings on this point were from the first deep and strong. 

They survived the rejection which, after the many in- 


^ The third volume of the English “Life and Correspondence ” CQ^it^ins a selection frpm the Eleine Sohriften or “Lesser Writings/’ 
M well M from the Each-gelassene or “ Posthumous.” 
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ITiebuhr, stances of precipitate judgment on his part already alleged, 
we may call hasty as well as ill-considered, of the greater 
part of the positive belief of the Christian world. It was 
on the birth of his son that the sense of the indeterminate- 
ness of his own creed, — of the chasm between his feelings 
and his opinions, — became suddenly intolerable to him ; and 
he determined, and with his curious simplicity of character 
bluntly declared his determination, that the child “ should 
believe in the letter of the Old and New Testaments.*^ . . . 
“ I shall nurture in him,” he adds, “ from his infancy a firm 
faith in all I have lost or feel uncertain ahoutP After 
such an avowal, it is impossible not to feel great dis- 
trust in Niebuhr’s speculations on other subjects, and ap- 
prehension lest, in perfect good faith and sincerity, he 
should fatally mislead us for the satisfaction of a theory or 
a sentiment. 

Let us now turn, in conclusion, to the History, the great 
work by which our author will continue hereafter to be 
known, and by which it were much to be wished that he 
could be known only. Niebuhr, it must be clearly un- 
derstood, comes before us much less as a destroyer of the 
early Roman history than as a restorer. Among enlightened 
students of antiquity the incredibility of the narratives of 
Livy and Dionysius was already admitted, though the main 
features of these accounts still retain their hold upon them, 
from the apparent impossibility of constructing a substan- 
tial edifice from the fragments of truth, and a natural 
reluctance to let the ground lie unoccupied. It was not 
then the destructive, but the reconstructive part of Nie- 
buhr’s History which gave it its peculiar character, and 
kindled so warmly the imagination of his most intelligent 
readers. Arnold, above all men, was grateful to his master 
for restoring to him the possibility of a belief in the Origines 
of Roman history. But a sterner, perhaps a colder cri- 
ticism, has dispelled these last shadowy visions. Among 
other writers, — for Niebuhr’s theories have been a fruitful 
field of controversy, particularly in his own country, ever 
since their publication, — Schwegler in Germany, and Sir 
G. Cornewall Lewis among ourselves, have shown, it should 
seem, the actual baselessness of some of the chief of his 
reputed discoveries. 

The most important of these discoveries, or theories, 
as we must be content to call them, is undoubtedly that 
which was received with unhesitating conviction, and ren- 
dered so popular, in this country at least, by Mr (now Lord) 
Macaulay and Dr Arnold, as to have been for many years 
accepted by all our scholars and students as an ascertained 
fact ; namely, the presumed derivation of the early history 
of Rome from ancient national ballads. Schwegler, a very 
competent and trustworthy authority on the present state 
of the controversy, declares that in Germany this theory has 
been now generally abandoned. Sir G. Cornewall Lewis 
has recently analysed and discussed it in a masterly man- 
ner ; and it may be presumed that it will henceforth retain 
little favour with those among us who have read the Essay 
on the Credibility of the Early Roman History. The posi- 
tive evidence on which it pretends to rest is shown to be 
utterly inconclusive. The passages cited from Cato, Varro, 
Ennius, Cicero, Horace, and Valerius Maximus, are all 
absolutely irrelevant. The assumption, that fragments of 
these supposed ballads may be traced in the narrative of 
Livy, is wholly gratuitous ; the assertion that some of his 
prose is actually verse, and may be read into Saturnian 
metre is only an amusing fancy ; the attempt to produce 
any analogous instance* of history preserved in national 
poetry is entirely futile. Such is the conclusion to which, 
whatever his own early prepossessions may have been, a 
candid inquirer must be brought by a fair examination of 
the subject, as it is now presented to him. 

But interesting and seductive as this theory proved to 
the first students of Niebuhr’s History, it was still less 
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attractive perhaps than his interpretation of the relations of Niebuhr, 
the patricians and plebeians, as representing respectively a 
dominant and a subject race, coalescing gradually into a 
single political body. This idea, which Niebuhr has de- 
veloped with peculiar force, and illustrated by minute and 
multifarious learning, was not wholly new; nor did he 
stand alone in his own generation in marking the import- 
ance of regarding such national relations. The theory that 
most historic polities have sprung from the subjection of 
race to race, and that their career is generally to be ex- 
})lained only by constant reference to this circumstance, 
has been prolific of very serious consequences in modern 
times. It is not too much to say, that the revolutionary 
movements which pervaded so large a portion of western 
Europe in 1848 were directed in no slight degree by pe- 
dantic notions of the influence of race and nationality. 

Niebuhr in Germany, and Thierry in France, gave birth 
simultaneously to a school of history in which this theory 
played a conspicuous part. The French writer acknow- 
ledged that he derived the first germ of the idea which 
he developed in his brilliant romance of the Conquest of 
England^ from a few pages in an early chapter of Scott’s 
novel of Ivanhoe. There can be little doubt that Niebuhr 
was right at bottom in conceiving that the institutions of 
ancient Rome were really moulded, in a great measure, by 
the mutual relations of different races, with different habits, 
feelings, and languages, and also with a different political 
status, yet combining in one polity ; but it cannot be 
allowed that he was always successful in tracing these diffe- 
rences, nor, indeed, that it is now possible to disentangle the 
hopeless intricacies of the Roman constitution. Thus, for 
instance, the distinction he alleged, that populus properly 
means the patricians, as opposed to plebs^ the plebeians ; 
and his bold assertion that Livy was incorrect in using 
populus for the nation in general, — theory wliich was 
once eagerly embraced as the key to much of the early 
history, — must now be regarded with distrust. His ex- 
planation of the real object of the Agrarian laws, which is 
founded also on his fundamental distinction between the 
patricians and plebeians, — the burghers, as he delights to 
call them with reference to certain mediaeval analogies, and 
the commons,— has been also severely contested ; but this 
view, so clear, so interesting, and so apparently satisfac- 
toiy, may be considered as tolerably well established at 
the present day. 

It will appear, from these remarks, that even in his His- 
tory, on which the fame of our author pre-eminently rests, 
he is convicted by modern inquirers of error in some of his 
fundamental positions. His work can never again be ac- 
cepted, with the faith and admiration of Arnold, as the 
basis of a history of Rome. The notion of reconstructing 
Roman history, of shelling off the husk of the ancient nar- 
rative, and bringing to light a new body of facts, of which 
Livy and Dionysius were wholly ignorant, will probably be 
discarded from henceforth ; while some writers will always 
be found to cling pertinaciously to the legends of antiquity, 
others will plunge more and more deeply into scepticism ; 
and we may expect perhaps rather to see the accounts of the 
later republic and the empire pulled to pieces, than those 
of the kings and the decemvirate restored. 

It is not without pain that the students of Niebuhr — 
those who have been mainly led by him to look beneath 
the surface of history, and examine the principles of human 
affairs — can consent to abandon so large a part of his con- 
clusions, and modify so far their veneration for their master. 

But Niebuhr must follow the fate of the great inventors 
before him. Bossuet was the first to snatch at the clue of 
a Divine Providence through the history of man ; and he 
created a school of historians which will continue always to 
have its disciples, however much the specific views and 
conclusions of their founder may be modified or rejected. 



262 N I E 

Kiebuhr* Voltaire and Montesquieu sought the springs of history in 
the manners and institutions of society ; and they, too, have 
generated a school of philosophic inquiry which has long 
survived the reputed discoveries of its originators. Niebuhr 
himself indeed may be regarded as a pupil of this school, 
though in the depth of his investigations, the sagacity of 
his combinations, and the boldness of his inferences, he 
stands far before it, and deserves himself the reputation of 
an originator and a founder. It is due to him to lay before 
the reader, in a few words taken from the introduction to 
h\% Lectures on Ancient Ethnography^ the view he de- 
liberately took of the province of the historian : — 

All history resolves itself into a knowledge of the cir- 
cumstances in the midst of which events occur, and of the 
events themselves. In an abstract point of view, the two are 
conveniently kept apart, although, concretely, they can never 
appear separated. A history which does not enter into the 
development of circumstances at all, and altogether presup- 
poses them to be barren, is scarcely conceivable, unless 
indeed it were written for contemporaries alone. Never- 
theless, the one side or the other predominates according 
to the predilection of the individual historian. Livy gives 
scarcely anything but the narration of events ; earlier his- 
torians are fond of occupying themselves with the descrip- 
tion of circumstances ; and the more ancient the historian the 
more striking is the peculiarity. Thucydides, the greatest 
of all historians, whenever he has an opportunity, as in his 
description of nations, dwells upon the representation of 
circumstances. In the earliest times, therefore, ethnography 
and chorography were always the principal objects of at- 
tention ; while, subsequently, this tendency decreased more 
and more, and the narration of events alone was attended 
to. The two, however, ought not to be separated ; for, 
without a knowledge of the circumstances in the midst of 
which events take place, the study of history is altogether 
useless. The mere knowledge of a country, however, is 
not sufficient. The peculiarities of its inhabitants, products, 
and the like, must be well known to the student ; and without 
this, history has no life,” &c. Animated with this view 
of what was required in a true expounder of the events 
and facts of past times, Niebuhr tried to surround himself, 
as it were, with glowing pictures of the whole life of the 
people of whom he wrote. His immense erudition, his 
extraordinary memory, and his vivid imagination, all played 
into one another ; and he believed himself, as he has some- 
where said, capable of reproducing before his mind’s eye the 
minutest details of Roman manners and usages. If he dig- 
nified with the name of “ divination” the habit in which he 
freely indulged of guessing where it was impossible to ascer- 
tain, great allowance mustundoubtedly bemadefor one whose 
mind had fed from his youth upwards upon the remains of 
Roman antiquity, and whose fancy had never ceased for a 
moment to remark, arrange, and combine their scattered frag- 
ments, till they assumed at will every shape it suggested. It 
is his power of imagination which stamps Niebuhr as a man 
of the highest genius, and will secure immortality to his 
name and works. Even the errors of such a man will re- 
tain a lialo of glory in the eyes of posterity; his methods 
and principles will continue to command respect and imi- 
tation ; he will be ranked in a triumvirate of philology 
with Scaliger and Bentley, to whom he bears no common 
resemblance in his rapid intuitions and bold combinations — 
in his sanguine temper and unabashed self-confidence — ^in 
his aims, his achievements, and his failures. 

The following is a list of Niebuhr’s works 1. Published or 
prepared for publication by himself : — History ofRome^ 1st edition, 
h vols., 1812 ; 2d edition of vol. i., ] 827 ; 3d edition of vol. i., 1828 j 
2d edition of vol. ii., 1830; 1st edition of vol. iii., 1832; edition 
of Agathias, 1828, and Merobaudes, 2d edition, 1836, for the 
Corpus Hist, Byzant, ,* Kkino Schriftenf 1828. 2. Published since bis 
death, in English and German ; — Lectures in Roman History j by Dr 
Schmitz, 2 vols. ; second edition of the same, with additions, in 3 
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vols.; Lectures on Ancient Ethnography and Geography ^ 2 vols.; Ifiebuhr 
Lectures in Ancient History^ 3 vols. 3. To these may be added the n 
Lehensnachrichtenf a biography of Niebuhr connecting the remains 
of his correspondence, 3 vols., 1838, with a supplemental volume, cewicz 
containing the Circular-Briefer — a series of letters intended for cir- y 
eolation among his family, written during his residence in Holland 
in 1808-1809 ; together with a collection of literary and political 
tracts from his contributions to periodicals. The first edition of the 
History, 2 vols., was translated into English by Mr Walter ; the re- 
vised History, vols. i. and ii., by Messrs Hare and Thirl wall ; the 
3d vol. by Drs Smith and Schmitz. An abridged translation of 
the Lebensnachrichten has been given by Miss Wink worth, in 3 
vols. (c. M — E.) 

Niebuhe, Carsten, a celebrated traveller, and the father 
of the great Niebuhr, was the son of a farmer, and was 
born in the duchy of Lauenburg in 1733. His parents died 
when he was very young, and left him in the condition of a 
poor peasant boy. Yet at the age of twenty-one he had 
raised himself to the position of land-surveyor of his native 
district, and was busily engaged in studying geometry. The 
vigorous start which he had thus made in life soon carried 
him on to higher preferments. While he was deeply im- 
mersed in 1758 in the study of mathematics at the univer- 
sity of Gottingen, the Count Bernstorff, the minister of 
Frederick V. of Denmark, began to carry out a project 
which had been suggestelcl by Michaelis of sending a staff 
of scientific men to explore the countries of the East. The 
place of mathematician was offered to Niebuhr. He ac- 
cepted the office, but his modesty would not permit him to 
accept the title of professor, which was intended to add dig- 
nity to the office. It was in January 1761 that Niebuhr, 
in company with Von Haven the orientalist, Cramer the 
physician, Forskal the naturalist, and Baurenfeind the 
painter, set sail from Copenhagen. After exploring the 
gigantic architectural remains of Lower Egypt, the expe- 
dition sailed down the Red Sea, touching at various places 
on the coast of Arabia, and finally landed and established 
their head-quarters at Mocha. The rest of the journey 
was saddened by a series of fatal disasters. All the ex- 
plorers, with the exception of the judicious Niebuhr, had 
been persisting in living on European diet, and were now 
sick unto death. Accordingly, when the expedition sot 
sail for Bombay in 1763, Von Haven and Forskal were left 
behind in foreign graves ; Baurenfeind was buried at sea ; 
and Cramer died at the end of the voyage, leaving Niebuhr 
to betake himself homeward alone. He lost no time in re- 
embarking ; and after passing through Persia, Syria, and 
Asia Minor, and marking these countries with an attentive 
eye, he arrived at Copenhagen in November 1767. It now 
became his chief business to lay the results of his travels 
before the world. He therefore published a Description 
of Arabia, in 4to, Copenhagen, 1772; and Travels in 
Arabia and the Circumjacent Countries, in 2 vols,, 4to, 
Copenhagen, 1774-78. These works were remarkable for 
their new and correct information, expressed in a plain un- 
affected style ; and they soon brought the author into gene- 
ral recognition. The government at Meldorf in Holstein, 
made him their land-surveyor in 1778 ; many learned men 
throughout Europe began to seek his acqtiaintance ; and the 
Danish government conferred upon him the cross of Dane- 
brog, and the title of councillor of state, and continued to 
cherish him till the close of his life. He died in April 
1815. 

Carsten Niebuhr wrote for a German periodical accounts 
of The Interior of Africa, and The Political and Military 
State of the ' Turkish Empire, and several other papers. 

His principal works have been translated from the German 
into French and Dutch. A Life of him by his eminent son 
was published at Kiel in 8vo, 1817. 

NIEM CEWICZ, Julian Uesin, a famous Polish poet 
and patriot, was born in 1757 at Skoki in Lithuania. His 
youth was spent in learning the profession of a soldier ; and 
at the age of twenty he entered the Lithuanian army. In 
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ITiemen. his own corps he found Kosciuszko, and imbibed from that 
noble spirit those patriotic sentiments which gave a direc- 
tion to the whole of his subsequent career. As early as 
1788 his energies and talents had begun to be consecrated 
to the Cciuse of national freedom. In that same year, as one 
of the deputies for Livonia, he became one of the great 
patriotic orators of the Polish diet; in 1791, in conjunc- 
tion with WeyssenhofF, he started the National and Fo- 
reign Gazette^ to be a vehicle for spreading his opinions ; 
and all the while he was fostering the spirit of nationality 
among the populace by the poems he published and the 
dramas he produced on the stage. Nor did his activity 
slacken at the approach of commotion and peril. In the 
insurrection that followed the second partition of Poland, 
he was a most efEcient confederate of Kosciuszko, both in 
the council and in the field. But in October 1794 the dis- 
astrous battle of Macieiowice was fought ; the cause of the 
patriots received its death-blow ; and among the captives 
who were carried away and immured in the fortress of St 
Petersburg, was the zealous Niemcewicz. A check was 
now put for a time upon his national ardour. For two years 
he lay in his damp cell, relieving the tedium of his confine- 
ment by reading the English poets of the eighteenth cen- 
tury, and by translating Pope’s Itape of the Loch On his 
liberation, there was no resource for him but to repair, with 
his compatriot Kosciuszko, to the United States of Ame- 
rica. There he formed new acquaintances, married a lady 
of New York, and became domesticated. Yet the welfare 
of his fatherland still lay next his heart ; and the intelli- 
gence, in 1806, that Napoleon had espoused the cause of 
Polish liberty, hurried him back to Europe. He was soon 
appointed, under the newly-instituted grand-duchy of War- 
saw, secretary of the senate, member of the supreme coun- 
cil of public education, and inspector of schools ; and in 
these capacities he began a new career of patriotism. His 
activity did not flag when the Russians had regained their 
supremacy over Poland. Though reinstalled by the Em- 
peror Alexander in the high office of perpetual secretary 
of the senate, he did not hesitate to keep alive, both with 
tongue and pen, the nationality of the people. In 1816 
he revived the memory of the ancient glory of his coun- 
try by the publication of his Historical Ballads ; in 1817 
he pronounced a funeral oration over Kosciuszko; and 
in 1822 he began to celebrate the great national heroes in 
his Collection of Memoirs on Ancient Boland, All his 
efforts were evidently aiming at another revolution. Ac- 
cordingly, the insurrection that broke out in November 
1830 numbered the veteran Niemcewicz among its pro- 
moters. He was destined, however, to see the favourite 
project of his life thwarted once more. The remaining 
strength of his old age was spent in advancing the cause of 
his beloved Poland in foreign lands. He died at Mont- 
morency, near Paris, in May 1841. 

Besides the works already mentioned, Niemcewicz wrote 
several tragedies and comedies, novels, historical sketches, 
and translations from the English poets of the eighteenth 
century. A complete collection of his poetical works ap- 
peared in 12 vols., Leipsic, 1838-40. An autobiographical 
fragment, written in French, and entitled, Captivity in St 
Petersburg in 1794-96, was published in 1843 by the 
Polish Historical Committee at Paris, and was shortly after- 
wards translated into English by Laski. {English Cyclo- 
pcedia of Biography,) 

NIEMEN, or Memel, a river of Europe, rises in the 
swampy regibns of the Russian government of Minsk, where 
it is formed by several small streams between N. Lat. 53. 
and 54., E. Long. 27. It flows first N., and then W., 
separating the governments of Vilna and Grodno ; then, 
after making a detour through the latter, it divides them 
both from Poland, and finally flows through Prussia to the 
Curische Haff, into which it falls by two mouths. It re- 


ceives from the right the Beresina, the Villa, the Joiira, Niemes 
and other affluents ; from the left, the Zelva, Szeschuppe, &c. , II 

Its whole length is 450 miles ; and, though in some places 
impeded by shoals, a great part of it is navigable. It is 
of considerable commercial importance ; for most of the 
produce of Lithuania is conveyed by barges down this river ; 
and all the timber exported from Memel is floated down the 
same channel. 

NIEMES, a town of Bohemia, in the circle of Bunz- 
lau, 18 miles N.N.W. of Jung Bunzlau, and 42 N.N.E. 
of Prague, It contains a fine castle with extensive gardens, 
a church, town-hall, and school. Linen and woollen stuffs 
are manufactured here. Pop. (1846) 4181. 

NIENBURG, a town of Hanover, capital of the county 
of Hoya, stands on the right bank of the Weser, which is 
here crossed by a stone bridge, 29 miles N.W. of Hanover, 
and about as far S.E. of Bremen. It was formerly fortified, 
but the defences were destroyed by the French in 1807. 

There are two churches, a high school, an hospital, several 
courts of law ; linen, cloth, and vinegar manufactures, and 
some trade in corn and timber. The town has also some 
river shipping. Pop. (1852) 5052. 

NIEUWENTYT, Beenarb, an erudite Dutch philo- 
sopher, was born at Wastgraafdyk, in North Holland, on 
the 10th of August 1654. His father, who was a Protest- 
ant clergyman, originally designed him for his own profes- 
sion ; but as Bernard displayed a stronger predilection for 
science than for the church, he was allowed to follow his 
own inclinations. He studied mathematics, medicine, law, 
and philosophy with zeal and success. His confidence in 
mathematical science, however, seems to have been greater 
than his skill ; for in 1694 he commenced a series of attacks 
upon the calculus, which increased his notoriety, but did 
not add to his fame. His first brochure was entitled, Con- 
siderationes circa Analyseos ad Quantitates Infinite Par- 
vas AppUcatce, &:c., Amst. 1694; a work which he 
followed up next year by Analysis Irfinitorum seu Cur- 
vilineoTum Proprietates ex Polygonorum Naturd Deductce, 

Leibnitz replied to his objections in the Leipzig Transac- 
tions, to which Nieuwentyt produced a rejoinder ini 1696. 

John Bernoulli defended Leibnitz; and Jacob Herman, in 
a work published at B§,le in 1700, ultimately silenced the 
Dutchman, to the satisfaction of all intelligent mathemati- 
cians. With the exception of A Treatise upon a New Use 
of the Tables of Sines and Tangents, contributed to the 
Literary Journal of the Hague in 1714, we hear no more 
of Nieuwentyt and mathematics. In philosophy he was a 
follower of Descartes, and produced some fresh speculations 
on the subject of natural theology. He attempted to estab- 
lish the existence of Deity by proofs drawn from the order 
of nature and from the marks of design exhibited in the 
universe. His great work on this subject, and the one 
which forms the mainstay of his reputation, appeared origi- 
nally ill the Leipzig Transactions, and was afterwards 
published in Dutch, under the title of Begt gebruyk der 
weereld, bescliovinge, 4to, Amsterdam, 1716. In the 
author’s own country it went through four editions in as 
many 3 ^ears. It was translated into English in 1718; into 
French in 1725; and subsequently into German by .two 
different hands. The English version was executed by 
John Charaberlayne, under the title of The Religious 
Philosopher, 3 vois. 8vo, London, 1718-19, and 1730. A 
new interest attaches to this popular work of the solid 
Dutchman, from the fact only recently made public (see 
Athenceum for 1848, pp. 803, 907, 930), that Paley’s well- 
known Natural Theology seems to have been all but copied 
from it. Not only has the English archdeacon, it is alleged, 
borrowed the general argument of the Dutch thinker, he 
has likewise followed his arrangement, appropriated his 
thoughts, made use of his form, and copied his details, and 
that without anything like honourable acknowledgment 
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Kieuwland Paley refers twice in his work to the name of Dr Nieuwentyt, 
.11 but in such a manner as obviously to decline the general ad- 
K^ilvre. mission of the sources of his information. Paley’s celebrated 
watch which he found in crossing a heath ” in 1802, had 
been picked up “ in the middle of a sandy down in Holland, 
just eighty-six years before. An attempt to extenuate the 
guilt of the reverend culprit may be seen in the Athencsum 
already referred to. In addition to his other works, Nieu- 
wentyt left a refutation of Spinoza in Dutch, which was 
published at Amsterdam in 1720. He had considerable 
fame in his day as a physician ; and his good sense, ready 
eloquence, and amiable character, won him esteem as burgo- 
master of the town of Purmerend, and gave him great 
influence in the provincial states. He died on the 30th of 
May 1718. 

NIEU WLAND, Peter, a Dutch writer, remarkable for 
the precocity and versatility of his talents, was the son of a 
village carpenter, and was born at Diemermeer, near Am- 
sterdam, in 1764. Under the humble tuition of his parents, 
his infant mind took to learning with an instinctive ardour, 
and he could compose verses and solve geometrical problems 
before the age of eight. This ardent predilection for two 
branches of study so dissimilar, continued to be the promi- 
nent feature in his opening intellectual character. At the 
university of Leyden, to which he had been sent through 
the liberal patronage of Bernard Bosch, he was equally 
noted for the easy rapidity with which he solved the most 
intricate problems of the calculus, and the spirited elegance 
with which he translated the poetry of the classics. When 
his academical education had been finished, he appeared 
before the public in 1787 as the author of a treatise on the 
means of ascertaining the latitude at sea, and in 1788 as the 
author of a volume of occasional poems. It was not until 
he had been appointed professor of navigation and natural 
philosophy at Amsterdam in 1789 that his attention was 
exclusively devoted to mathematical studies- He published, 
in 1793, a treatise on the art of navigation, and two papers 
in Bode’s Astronomical Almanac* Other subjects of a 
kindred nature were engaging his mind ; and he was ac- 
quiring great academical fame at Leyden in the chair of 
physics, mathematics, and astronomy, to which he had been 
promoted in 1793, when he was cut oflf at the age of thirty. 
Among Nieuwland's poems is an elegy, entitled Orion^ 
which became very popular in Holland. 

NlfcVRE, a department of France, lying between N. 
Lat. 46. 40. and 47. 35., E. Long. 2. 50. and 4. 10; and 
bounded on the N. by the departments- Loiret and Yonne, 
E. by those of Cote-d'Or and Saone-et-Loire, S. by Sa6ne- 
et-Loire and Allier, and W. by Cher. Its form is that of an 
irregular quadrangle ; its greatest length is 79 miles, its great- 
est breadth 65 miles ; arfca 2642 square miles. A range of 
mountains, forming an offset of those of C6te-d’Or, traverses 
the department from S.E. to N.W., and separates the tribu- 
taries of the Seine from those of the Loire. These hills 
gradually diminish in height towards the N.W. from 2640 
feet to 400 or 600 feet high, and are connected with the 
Cote-d'Or Mountains by the Mountains of Morvan, which 
extend westwards in the department of C6te-d’Or, and then 
southwards between Ni^vre and Saone-et-Loire. The 
general height of this chain is 1600 feet; but one of the 
peaks, called Mount Prenelay, rises to the height of 2904 
feet. The main ridge of the mountains of Nievre sends off 
numerous smaller branches, which give the country a rugged 
and uneven aspect. They are all thickly covered with wood, 
and present a very wild appearance. The geological struc- 
ture of the south-eastern part of the department is chiefly 
granitic and schistose, while in the N. the secondary strata 
are predominant. There are few extensive plains, except 
at the north-western extremity of the mountains, and on 
the borders of the Loire and Allier, where there are some 
tracts of sandy but fertile soil. The Loire enters the 
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department from the S., crosses it tow^ards the N.W,, and Nigdeh. 
then flows northward between Nievre and Cher. Its prin- 
cipal afiluents in this department are — the Aron, the Nievre, 
and the Nohain, from the right, and the Allier from the 
left, which merely skirts the department, separating it irom 
those of Allier and Cher. The Yonne rises in the Morvan 
Mountains, and flows northwards to the Seine, receiving 
several small afiluents. I’he streams in the basin of the 
Loire form numerous ponds, most of which are dried up in 
the summer ; and many canals have been constructed by 
the inhabitants, which are useful for the irrigation of the 
soil, and for supplying water-power to various manufactures. 

The soil is in general poor, but it produces enough of grain 
for the wants of the people. The climate is temperate but 
moist ; and in some parts fevers are common ; from which 
the valleys of the Loire and Allier are protected by the 
warm and dry winds which blow from the S. and E. 
Agriculture has in recent years made great progress in tlie 
department ; rye and flax are the most important of the 
crops ; and vines are grown with success on the banks of 
the Loire and Yonne. Of the whole extent of the country, 
about 303,000 acres consist of arable land, 79,000 of pasture 
land, 15,000 of vineyards, 368,000 of wood, 27,000 of waste 
land, &rc. The timber of the forests contributes in no small 
degree to the wealth of the department; it consists princi- 
pally of oak, beech, and maple. The mineral resources of 
Nievre are great, and are worked to a considerable extent ; 
iron, copper, and argentiferous lead are the principal metals ; 
and coal, marble, granite, sandstone, flint, &c., are found in 
great abundance. One of the principal branches of indus- 
try in the department consists in the working of the mines 
and in the smelting of iron ; the annual value of the mineral 
productions is estimated at L.400,000. It has also been 
calculated that Nievre contains 126,000 head of large cattle, 

285,000 sheep, 48,000 pigs, 4000 goats, 16,000 horses, 

1400 mules, and 2500 asses. There is abundance of game 
in the department. Besides the smelting of iron, for which 
there are 30 large furnaces, the manufactures of Nievre 
consist of linen and woollen stuffs, pottery, porcelain, hard- 
ware, and cutlery of an inferior kind. Some trade is carried 
on in agricultural produce and in articles of manufacture, 
especially timber, charcoal, mill-stones, iron, steel, copper, 
tin, cattle, hides, &c. The internal communication in the 
country is facilitated by two canals, one of which connects 
the Loire and the Yonne, and has a length of 86 miles in 
this department; and the other extends alongside of the 
Loire for 30 miles in Nievre. The department forms the 
bishopric of Nevers ; it contains 4 courts of the first in- 
stance, and 2 courts of commerce ; 4 academies, 2 higher 
communal schools, and 330 elementary schools. The capi- 
tal is Nevers ; and it is divided into 4 arrondissements, as 
follows : — 

Cantons. Oommnnes. Fop. (1856.) 


Nevers 8 99 111,612 

Chateau-Chinon 5 69 67,226 

Clamecy 6 93 72,977 

Cosne 6 65 74,272 


Total 25 316 326,086 


Nievre nearly corresponds with the ancient province of 
Nivernais, which was in early times a county subject to the 
dukes of Burgundy. Although it never had any his- 
torical importance, this country has given birth to several 
celebrated men. The people are in general lively, indus- 
trious, and hospitable ; but ignorant, passionate, and much 
given to pleasure. 

NIGDEH, or Nidech, a town of Asia Minor, in the 
pashalic of Karamania, on a hill 47 miles N.E. of Eregli. 
It is defended by ancient walls, and by 3 castles ; contains 
several mosques, a Mohammedan college, and some remains 
of antiquity. Pop. about 5000. 
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Kiger. NIGER, Qttorra, Kwora, or Kawara, a large river 
of Central Africa, which has long excited the interest of 
geographers, and the attempts to explore which have 
unfortunately, in too many cases, been attended with a 
melancholy loss of life. The points long undecided re- 
garding this river were — whether the large river in the in- 
terior of Africa, first mentioned by Herodotus, and after- 
wards by Strabo, Pliny, Ptolemy, and others, could be 
identified with what is now called the Quorra or Joliba, the 
latter being the name given to it in the earlier part of its 
course ? — whether it lost itself in the great Lake Tschad, or 
terminated in the Atlantic Ocean ? — ^whether it carried its 
waters underground through the Great Desert into the 
Gulf of Syrtis ? — or whether it flowed in an easterly direc- 
tion, and formed a branch of the Nile ? 

It is now very generally agreed that the modern Niger 
or Quorra is identical with the Nigeir of Ptolemy and 
others. Herodotus gives an interesting account of an expe- 
dition undertaken by five young men of the tribe of the 
Nasamones, a Libyan people who occupied the country 
lying between that of the Garamantes, or the modern Fez- 
zan, and the great Bay of Syrtis. They set out for the 
interior, and after passing through the inhabited region 
and the country of the wild beasts, they traversed for many 
days, in a western direction, the great sandy desert, until 
they arrived at a country inhabited by men of low stature, 
who conducted them through extensive marshes to a city 
built on a great river, which contained crocodiles, and which 
flowed towards the east. This river was then supposed 
to be a branch of the Nile ; but without going into the 
arguments for and against, we may give it as the now ge- 
nerally received opinion that they had reached the Quorra 
at a place where its course is eastward ; and some hold that 
the city to which they were conducted was none other than 
Timbuctoo itseE Notice is taken of the Niger by Strabo ; 
and Pliny treats of it at considerable length, as the Nigris 
of Ethiopia, but in a very confused manner, and as an af- 
fluent of the Nile. Mela, however, confessed that when 
the Niger reached the middle of the. continent, it was not 
known what became of it. Ptolemj^, who wrote later than 
the preceding geographers, and was better informed regard- 
ing the interior of Africa, lays down as the course of the 
Niger what corresponds tolerably well with what we know 
to be the course of the Joliba or upper part of the Quorra. 
He seems to have considered it as an interior river, having 
no communication with the sea. The celebrated Arabian 
geographers Abulfeda and Edrisi, and Leo Africanus, a 
native of Spain, all assigned to the Niger a westerly course ; 
and the two former represented it as rising from the same 
source as the Nile ; but Leo supposed it to take its rise in 
a lake situated to the south of Bornou, whence it was be- 
lieved to flow westward to the Atlantic Ocean. 

The early European navigators, in their discoveries on 
the western coast of Africa, found successively the estu- 
aries of the Senegal, Gambia, and Rio Grande, and be- 
lieved them to be the mouths of the Niger. In course of 
time they were tempted to explore these rivers for the 
purpose of reaching the far-famed city of Timbuctoo, the 
reputed wealth of which had excited their cupidity. These 
they traced till they became mere rivulets, and yet found 
themselves no nearer to the object of their desires. In the 
meantime the French geographers De Lisle and D’An- 
ville devoted their attention to Africa, De Lisle, in a map 
published in 1714, gave the sources both of the Niger and 
Senegal — the former being made to flow eastward and the 
latter westward, which was an approximation to the truth. 
P’Anville followed up this view in his map of Africa pub- 
lished in 1749 ; and thus far a correct knowledge of the 
source and direction of the Niger was obtained, by its 
being separated on the east from the Nile, and on the w^est 
from the Senegal. 

VOL. XVT. 


The formation of the African Association in England in ITigep, 
1788 marks the commencement of a new era in the his- 
tory of African geography, The first and principal object 
which occupied the attention of this body was the course 
and termination of the Niger ; and a reward was held out 
to the person who should succeed in determining them. We 
pass over the names of Ledyard and Lucas, the former 
having died at Cairo before accomplishing anything ; and 
the latter having only gathered some information from the 
Arabs, which tended rather to perplex than to elucidate 
the subject. The third adventurer employed by the asso- 
ciation was Major Houghton, who had acted as British con- 
sul at Morocco, and had thus become familiar with Moorish 
manners. He sailed up the Gambia to Pisania, and thence 
proceeded into the interior, but he there met his death with- 
out accomplishing anything of importance. The honour 
of determining the course of the Niger was reserved for 
the celebrated traveller Mungo Park. Having oftered his 
services to the association, and been accepted, be, on die 
22d May 1795, left England, and on the 5th of July reached 
Pisania, where he remained for some time to acquire the 
Mandingo language. On 2d December he began his 
journey, and after crossing the country E.N.E. to Yarra, 
and then turning S.E. through the kingdoms of Ludamar 
and Bambarra, he came in sight of the Niger near Sego. 

“ I saw,” says he, “ with infinite pleasure, the great object 
of my mission, the long sought-for majestic Niger glitter- 
ing to the morning sun as broad as the Thames at West- 
minster, and flowing slowly to the eastward.” He traced 
its course downwards to Silla, and upwards as far as Bam- 
makoo, an extent of about 300 miles. From the latter 
place he crossed the country by a more southern route 
than his former track, and at length reached Pisania on 
the 10th June 1797. At the request of the British go- 
vernment he undertook another expedition, and set sail 
from Portsmouth, fully equipped, on 30th January 1805. 

Pisania was again his point of departure, which he left on 
the 4th of May 1805, accompanied by his brother-in-law 
Mr Anderson, surgeon ; Mr George Scott, draughtsman ; 
five artificers from the royal dockyards ; Lieutenant Mar- 
tyn, and thirty-five privates of the Royal African Corps 
stationed at Goree ; and a Mandingo, Isaaco, a priest and 
trader, who acted as guide. He chose the route by which 
he had returned on his first journey, but he had not pro- 
ceeded far when the rainy season set in, and by the time 
that he reached Bammakoo only eleven men remained with 
him, the rest having either died by the way, or been left 
sick in charge of friendly natives, but never afterwards 
heard of. The expedition descended the river in two 
canoes to Sansanding, where Mr Anderson and some 
others fell victims to the climate. His last despatches are 
from this place. Writing to Lord Camden he said : — “ I 
am sorry to say that of forty-four Europeans who left the 
Gambia in perfect health, five only are at present alive ; 
viz., three soldiers (one deranged in his mind), Lieutenant 
Martyn, and myself.” He added — “ We had no contest 
whatever with the natives, nor was any one of us killed 
by wild animals or any other accident.” He set sail from 
Sansanding on the 19th November, and from information 
since obtained, he seems to have proceeded down as far as 
Boussa, 650 miles below Timbuctoo, where, having been 
attacked by the natives, he and his companions attempted 
to save themselves by swimming, but were drowned. 

Park had been led to adopt the opinion of Captain 
Maxwell, a slave trader, who had been accustomed to 
frequent the Congo, that that river formed the lower part 
of the Niger. After the time of Park this opinion con- 
tinued to gain ground, and the government was at’ length 
induced, in 1816, to despatch an expedition to attempt the 
solution of this question. It was divided into two parts : 
thf one, \inder the command of Major Peddie, was to pene- 
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^3ger. trate across West Africa to the Niger ; the other, under 
Captain Tuckey, to ascend the Congo. These threw no 
new light on our subject, and were attended with very disas- 
trous results ; the commanders and most of the men hav- 
ing fallen victims to the climate. More recently the tra- 
vellers Laing, Caillie, Clapperton, and Richard Lander 
ascertained important facts regarding the Niger ; but it 
is to the last of these that we are indebted for having 
pointed out the true mouth of the Niger, His first jour- 
ney was undertaken as confidentiaT servant to Captain 
Clapperton, and on the death of that enterprising traveller 
at Saccatoo on the 13th of April 1827, he brought home 
his journal and papers. On his return to England he 
volunteered to navigate the river from Boussa, the point 
where Park perished, to its mouth. His offer having been 
accepted by the government, he set out on his mission, 
accompanied by his brother John, and reached Boussa on 
the I7th of June 1830. From Boussa the Landers proceeded 
up the river about 100 miles to Yaoori, where they arrived 
on the 27th of June. They commenced the descent of 
the river on the 2d of August; and on the 18th of Novem- 
ber following they entered the Atlantic by the River Nun, 
and thus set at rest the long disputed question of the mouth 
of the Niger.' 

The return of the brothers Lander awakened anew the 
spirit of enterprise, and an expedition was fitted out by some 
merchants of Liverpool for commercial as well as geogra- 
phical purposes. It consisted of two steam vessels, and 
the general direction of it was intrusted to R. Lander. It 
proceeded up the Niger as far as Rabba, and likewise for 
nearly 100 miles up a hitherto unexplored aiBuent, the 
Shary or Tschadda. The results of the expedition, how- 
ever, were unsatisfactory to the projectors, and most fatal 
to those who had undertaken it, very few of the Europeans 
having survived. Among those who perished were the two 
Landers — John from the effects of the climate, and Richard 
from a wound received in an encounter with the natives. 
No further attempt of any magnitude was made until 1841, 
when the government fitted out three steamers built spe- 
cially for the purpose. This expedition was intended to 
carry out, besides extended researches, various philanthro- 
pic but ill-matured schemes. It shared no better fate 
than its predecessors, having only reached Egga, about 50 
miles above the confluence of the Tschadda, when it was 
obliged to return in consequence of the sickness and death 
on board. 

In 1852 intelligence was received fi:om Dr Barth, that on 
the 18th of June 1851 he had crossed a large stream named 
the BenuSy or “Mother of Waters,^’ which, from the informa- 
tion received from the natives, he conjectured to be the 
upper part of the Tschadda affluent of the Niger. He 
reached it at a point called Taepe, where it is joined by the 
Faro, in Lat. 9. 2. N., Long. 14. E., 235 geographical miles 
S. of Kuka, and 415 in a direct line E. by N. from the 
confluence of the Tschadda with the Quorra. It was here 
half a mile broad, and, when crossed, was 9|- feet deep in 
the channel, but on their return, eleven days later, it had 
risen feet. The Faro was five-twelfths of a mile broad, 
and 3 feet deep, and by their return had increased to 
feet in depth. Both rivers had a very strong current, and 
flowed westward. 

Another expedition was now resolved on to explore the 
Tschadda branch of the Niger, and the Admiralty entered 
into a contract with Mr Macgregor Laird, one of the surviv- 
ors of the' Liverpool expedition, to build and equip a suit- 
able vessel for that purpose. Accordingly, an iron screw 
schooner, named the Pleiad, was built at Birkenhead. 
“ She was of 260 tons measurement, 100 feet in length, 
with 24 feet beam, and her engine was of 60 horse-power. 
Her draught of water, when laden, was 7 feet, or 6 feet 
when in ordinary trim. A sailing-master, surgeon, officers, 


and crew, were provided for her by Mr Laird, and it was Niger, 
arranged that she should be sent to Fernando Po, where 
the officers appointed by government should join. The 
peculiar features of this expedition were, first, the employ- 
ment of as few white men as possible ; secondly, entering 
and ascending the river with' the rising waters, or during 
the rainy season ; and lastly, it was anticipated that the use 
of quinine, as a prophylactic or preventive, would enable 
the Europeans to withstand the influence of the climate. 

Mr Laird being permitted, by his agreement with the Ad- 
miralty, to trade with the natives whenever it was prac- 
ticable, provided a well-sorted cargo, and sent out persons 
specially to attend to this branch. The Pleiad having made 
a very satisfactory trial trip across the Irish Channel, finally 
took her departure from Dublin on the 20th of May 1854.” 

The expedition set out from Fernando Po on the 8th of 
July, and four days later entered the Nun branch of the 
Niger. In the beginning of August they reached the con- 
fluence of the two great rivers, speaking of which, Dr Baikie 
says, — “ From our anchorage at the confluence, near the 
Sacrifice Rock, as well as from the heights of Mount P^tte, 
the Ch^dda appeared a much nobler and finer stream than 
the Kwbra. The latter seemed small and narrow, and 
could be seen pursuing in the distance its meandering route 
from the northward, while full in front comes pouring from 
the E. the broad, the straight-coursed Chadda. The na- 
tives allege that there is a difference in the colour of the 
two streams, and hence the Kwbra is named in Hanasa 
Fari rutty or the ‘ White Water,’ while the other is 
known as BaJki *n rutty or the ^ Black Water.’ I found the 
temperature of the former to exceed that of the latter by 
from half a degree to a degree of Fahrenheit.” The Pleiad 
ascended the Tschadda 250 miles above the point reached 
by the Liverpool expedition, and within about 50 miles of 
the confluence of the Benu5 and Faro where crossed by 
Dr Barth ; and returned to Fernando Po on the 7th of 
November. The party numbered 66 persons (12 Euro- 
peans, and 54 persons of colour), and though they had been 
118 days on the river, very little sickness had been experi- 
enced, and no life lost. 

The QuoiTa, or rather the Joliba, though its source has 
not been actually explored, is said to rise in Mount Loma, 
one of the Kong Mountains, in Lat. 9. 15. N-, Long. 9. 36. 

W. Its course is at first N., then N.E. to Curuassa, about 
100 miles fi*om its source, where it was crossed by Caillie, 
and found to be, before the inundation commenced, 900 
feet in width and 9 in depth, with a current of miles an 
hour. Before reaching Bammakoo, it receives "the Tan- 
kisso and Sarano, both large streams ; and at Bammakoo 
it commences its course over the plain of Bambarra, flow- 
ing still in a N.E. direction. It pursues the same course 
till it reaches Jenne, when it takes a bend nearly due N., 
flowing in that direction till it arrives at Lake Dibbie, 
where it reverts to the N.E., and continues in that direc- 
tion till it reaches Timbuctoo, where the Quorra proper * 
commences. Caillie navigated the river from Jenne to 
Timbuctoo, and represents the banks between these places 
as low and marshy. Below Lake Dibbie, which is of con- 
siderable size, the river is very deep, and from half a mile 
to a mile in breadth, with a considerable current. Near 
Kabra, the port of Timbuctoo, it divides into two branches ; 
the larger of which is about three-fourths of a mile broad, 
and the smaller about 100 feet broad, but very deep. They 
appear to unite at no great distance farther down ; but from 
Timbuctoo to Yaoori very little is known of this great 
river, except that its general direction seems to be S.E. 

From Yaoori to the sea it was navigated by the Landers, 
and was found to flow at first nearly due S., then to take a 
rapid bend to the E., and afterwards gradually to return 
and take a S.S.W. direction to the Atlantic^ which it enters 
by 22 mouths, the principal of which is the Nun. 
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Niger NIGER, C. Pescennius, a Roman general, was born at 
II Aquinum in Italy in the former half of the second century, 
Nijne-No7- and rose from a low rank in the army to be governor of Syria. 
^ gorod, ^ l^jg gj-aceful and athletic frame, his soldier- 

^“**^^*^ like accomplishments, and his rigid enforcement of discipline, 
secured the esteem of the soldiers ; while his mild but im- 
partial rule rendered him a favourite among the provincials. 
Accordingly, on the assassination of Pertinax in 193, he 
was proclaimed emperor by the united voices of the people 
of Asia and his own army. The intelligence that Septimius 
Severus was also up in arms for the crown soon hurried 
him into action. He marched westward from Antioch, 
securing the most important Asiatic cities, and despatching 
troops to occupy Thrace and Northern Greece. But the 
chivalrous unsophisticated soldier of Syria was no match for 
the wily and rapid Severus. His troops were finally routed 
at the Gulf of Issus, near the Cilician gates, and he him- 
self was sacrificed to the revenge of his victorious rival 
A.D. 194. (See Roivian History.) 

NIGRITIA, or Soudan “(The Land of the Blacks”)? 
are names applied to the central regions of Africa ; and, as 
used by Europeans, include the country lying south of the 
Sahara, and north of 6. N. Lat., bounded by Egypt and 
Abyssinia on the E., and by the nations on the western 
coast on the W. Until near the close of last century little 
was known of this extensive country; but in 1790 Houghton, 
who was the first European traveller in Central Africa, en- 
tered Nigritia from the west ; and since that time several 
other discoverers have explored the western and central parts 
of this region, though the eastern part has not yet been 
visited by travellers. The principal mountains in Western 
Nigritia are the Kong chain, which stretches from W. to E. 
along the south of the country ; and the principal river is 
the Niger, Quorra, or Joliba. The land is generally flat ; 
and being watered by the annual overflowing of the rivers, 
as well as by the rains, there are some tracts of considerable 
fertility, on which maize, millet, rice, tobacco, cotton, &c., 
are raised. The climate is very hot and sultry, except 
during the rainy season, which extends from August to 
October. Central Nigritia consists of a mountainous and 
a flat region, the former lying to the W., and the latter to 
the E., of the 11th degree of E. Long. The mountains do 
not probably rise above 1000 or 1200 feet above the sea, 
and the country between them is occupied with forests and 
marshes. The level part of this district extends round 
Lake Tschad, and is watered by its tributaries. It is one of 
the largest tracts of inland alluvial ground in the world. 
The soil is very fertile, but the rank vegetation renders 
cultivation difficult ; and the climate, though hot, is not un- 
healthy. Nigritia is divided into several smaller states, of 
which the principal are Bambarra, Timbuktu, Houssa, 
Bornu, Baghermi, Waday, Darfur, and Adamanua. (For 
an account of these, see Africa.) 

NIJ AR-Y-HUEBRO, a town of Spain, in the province 
of Almeria, and 14 miles E.N.E. of that town. It is ill 
built, and has a church and two schools. There are dye- 
works, and manufactures of woollen stuffs and pottery. 
Some trade is carried on in corn, cattle, barilla, and cloth. 
Pop. 5820. 

NIJNI-NOVGOROD, or Nishni-Novgorod, com- 
monly contracted to Nijegorod^ a government of Russia, 
between N. Lat. 54. 30. and 57. 5., E. Long. 41. 45. and 
46, 15. It is bounded on the N. by Kostroma and Viatka, 
E. by Kazan and Simbirsk, S. by Penza and Tambov, and 
W, by Vladimir. Its length is 185 miles; greatest breadth, 
136; area, 18,680 square miles. The surflice is generally 
flat, but diversified in some places by undulating heights, 
which nowhere rise above 500 feet from the sea. The 
prevailing geological formation is limestone, and iron is the 
only metal found here. A sandy soil, much mixed with 
vegetable mould, forms the greater part of the surface, 
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which is very fertile, and produces plentiful crops o^ Nijni-Nov- 
corn, so as to serve as the granary of Russia. The gorod. 
principal river is the Volga, which traverses the govern- 
ment from W. to E., making a bend towards the S. It 
receives in the government the Oka, Kulma, Kirsenez, 

Sara, Verluga, and Alatyr. In 1849 there were 4,689,798 
acres of arable land, 729,384 of meadow land, 5,105,469 
of wood, and 1,243,109 of waste land. Farming is car- 
ried on here in a much superior style to what prevails in 
most parts of Russia, and the farmers are distinguished 
alike % their skill and industry. Besides corn, the prin- 
cipal crops raised are hemp, flax, hops, peas, and beans ; 
and considerable care is bestowed on the cultivation of 
fruit, — apples and cherries especially being remarkable, 
alike in quantity and quality. The forests of this country 
are a great source of wealth, on account of the abundance 
of excellent timber which they contain, of which oak, lime, 
pine, beech, and alder are the principal kinds. The breed- 
ing of cattle is also carried on, though not to such an extent 
as agriculture ; and there were in 1849 in Nijni- Novgorod 
326,425 horses, 273,863 horned cattle, 475,801 sheep, 

121,803 swine, and 1128 goats. The horses are the best 
that are bred in Russia ; and the horned cattle are also of 
good breed. Although there are but few large manufac- 
tories in the government, it is inferior to none in the extent 
to which the people are engaged in the pursuits of manu- 
facture ; for most of the villages are filled with artizans, who 
produce on a small scale a great variety of articles. Spin- 
ning, weaving, and pottery, are chiefly carried on in these 
small establishments”; and among the more extensive pro- 
ductions leather, cloth, cordage, soap, candles, iron, steel, 

&c., are the principal. There is an active trade in the ex- 
portation of corn, flour, hemp, flax, horses, and manufac- 
tured articles; and the importation of iron, salt, brandy, 
wine, &c. The commerce of the country is greatly facili- 
tated by the large navigable rivers by which it is traversed. 

Pop. (1849) 1,124,251. 

Nunt-Novgorod, the capital of the above government, 
stands at the confluence of the Oka with the Volga, on the 
right bank of the latter river, 259 miles W. by N. of Mos- 
cow. It consists of three parts: the upper city, which 
stands on a hill between the two rivers ; the lower city, 
which extends along the bank of the Volga ; and a suburb, 
stretching along that of the Oka. The highest part of the 
upper city, which immediately overhangs the river, is occu- 
pied by the kremlin or citadel, which is surrounded by a 
lofty wall flanked with towers, and contains the principal 
buildings of the town. These consist of two cathedrals; the 
governor's palace, a modern building, 'commanding an exten- 
sive view; a Protestant church; and other public edifices. 

The town itself is pretty well built, though for the most 
part only of wood. There is an irregular public Place 
in the upper town. Nijni-Novgorod has 42 churches, 3 
convents, a seminary for schoolmasters, a,nd several schools. 
Manufactures of mit, beer, leather, cloth, soap, candles, 
copper and iron ware, &c,, are carried on ; but the. chief * 
•importance of the place is derived from the great fair which 
is held here annually, and lasts from the latter half of July 
to the end of August. The place of these fairs is a low 
tract of ground, of a triangular shape, lying between the 
Volga and the Oka, and separated from the town by the 
latter river. At all other times of the year this place is 
quite deserted, and sometimes overflowed by the rivers ; hut 
as the fair is held at the dry season, it is then in no danger 
of this, and always presents a very busy and animated 
scene. It is laid out in broad and regular streets, crossing 
each other at right angles, and having in general covered 
arcades of iron along the sides in front of the shops. It 
is drained by a system of underground sewers, made of , 
hewn stone, at a great cost. Access is gained to them 
at several points by means of staircases ; and water is con- 
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Nikolaler veyed through them from the rivers several times a-day. 

]l The only communication with the town is by means of a 
^ 03-^3 across the Oka. The governor of the pro- 
^ vince resides during the continuance of the fair in a hand- 

some building in the centre ; and there is a Russian church 
and a Mohammedan mosque within the precincts of the fair. 
This part of the market is entirely built of stone, and con- 
tains 2521 shops, forming 60 blocks of buildings. This 
forms the inner market, and it is separated from the outer 
by a canal, which is crossed by four bridges. The outer 
market is built of wood, and contains upwards of 2000 
booths, built in a very substantial manner. In the inner 
market are to be found chiefly the more valuable articles of 
manufacture; such as cloth from Moscow, silk from Persia, 
furs fi'om Siberia, Astrachan, Buchara, and other places ; 
tea from China ; and other goods. Here also there are not 
such great crowds collected as in the outer market, but the 
most extensive business transactions are carried on. The 
outer market, which has more the character of a fair, is 
generally much crowded with people from all parts of the 
world, and contains most of the raw material and articles of 
small value. The rivers during the continuance of the 
market are crowded with vessels of all sorts and sizes, busily 
engaged in loading and unloading their cargoes ; and a great 
number of people live entirely on the water. The whole 
number who attend the market, from first to last, is esti- 
mated at 200 , 000 ; those collected together at any one time 
being not more than 20 , 000 . The amount of articles 
bought and sold is immense. The quantity of iron collected 
here in 1843 was about 60,000 tons; of copper, 800 tons, 
valued at more than L. 2 OO 5 OOO ; besides which there were 
39,000 chests of tea, and many other articles. Pop. of 
the town (1849) 30,710. 

NIKOLAIEV, a town of Russia, in the government of 
Blherson, occupies a large extent of ground at the conflu- 
ence of the Ingul and the Bug, 36 miles N,W. of Kherson. 
It has wide and regular streets, lined with very well built 
houses, one storey high, which have in general large gardens 
attached to them. It is surrounded by fortifications; and 
has a fine boulevard, planted with trees, along the edge of 
the river. The public buildings are numerous ; and among 
them the most important are, — the cathedral, a modern edi- 
fice with a richly-decorated interior; the town-hall; the 
observatory; the admiralty; the naval barracks; and naval 
hospital. The dockyards are very extensive, and provided 
with machinery principally of British construction. The 
town has also numerous schools for naval cadets, pilots, 
ship-builders, &c. Nikolaiev is the principal station of the 
Black Sea fleet, and the residence of the admiral of it. It 
was founded in 1791, and at first made rapid progress; but 
it is now in a declining state, owing to the want of good 
water and timber, the competition of Odessa, and other 
causes. It is now kept up principally by the support of the 
government. Pop. (1850) 39,338. 

NIKOLSBURG, a town of Moravia, in the circle of 
‘ Briinn, and 27 miles south of that town, is built round the 
foot of a rock, on which stands a castle flanked with high 
towers. It has ill-paved and dirty streets; and the prin- 
cipal buildings are, a handsome church, two synagogues, and 
a Piarist college. Manufactures of woollen and linen cloth 
are carried on here. Pop. 8000. < 

NILE. The whole subject of the geology, inundation, 
levels, volume of water, deposits, and agricultural action of 
the Nile in the northern portions of its course, has been so 
very fully treated of in the article Egypt (see vol. viii., 
pp. 424-6), that we shall confine ourselves in the present 
article to the southern and less known portions of this great 
river, and endeavour to throw some further light upon its 
probable sources and course— -that great problem which has 
geographers and men of science in all ages, 
ana baffled the attempts of the ancient priests of the Nile, 


NIL 

of the Pharaohs, of the Phoenicians, the Greeks under the Nile. 
Ptolemies, the Romans under the Csesars, and, in much 
later times, of Bruce, and the numerous expeditions under 
Mohammed’ Ali and Ibrahim Pasha. 

The general features of the Nile, as you ascend it from tyady 
the second cataract at Wady Haifa to the junction at Khar- Haifa to 
toum, undergo no material change. From time to time the Kkartoum, 
river flows through high rocks of dark syenite, and four 
cataracts (more properly called rapids) impede its smooth 
course for a few miles ; but a detailed description of its 
banks would be uninteresting ; desert wastes and fertile 
islands — sandy hills surmounted by doum palms (here taking 
the place of date trees), and narrow strips of luxuriant ve- 
getation — villages deserted by a too-heavily taxed popula- 
tion, and large towns, the capitals of their provinces, — cha- 
racterize the scenery. The crocodile increases in number, 
as in size, and the ibis begins to appear. Near Berber, 
about 100 miles north of Khartoum, the hippopotamus 
ceases to be a rarity, and the white crocodile is occasion- 
ally to be seen. 

In Lat. 21 . N. the river makes a great bend to the east- Desert of 
ward, and the traveller southwards crosses the desert of Bayiouda. 
Bayiouda, which skirts the western banks of the Nile, a 
most beautiful ride of 250 miles through a garden rather 
than a desert. The path lies through woods of good-sized 
trees — mimosas, myrtles, acacias, hung with tropical para- 
sites ; while the ground is covered with the senna, colo- 
cynth, ice-plant, and many strongly-scented shrubs. From 
the dead roots of fallen trees rich orchids spring, and an 
infinite variety of gay-coloured birds are flitting about over 
head. Partridges and gazelles of several descriptions abound, 
and the whole country is thickly peopled with many tribes, 
who are in the habit of travelling from well to well, ac- 
companied by large herds of sheep, goats, and camels, in 
search of pasture. 

The great desert of Nubia borders the eastern bank of Desert of 
the Nile, and is of a very different description. With the Korusko. 
exception of some high rocks of quartz and granite, near 
the well of El-Morah, the route from Aboohamed to Ko- 
rusko, a distance of 350 miles, lies through a perfectly 
level, hard, gravelly plain ; no vegetation of any sort exists, 
save on the immediate banks of the river, and the only 
well is that of El-Morah, above mentioned. 

After a journey of twenty-five to thirty days from Wady Khartoum. 
Haifa, partly in boats, but chiefly on camels, the traveller 
reaches Khartoum, the capital of Nubia, and the seat of 
government of the “ provinces of the Soudan.” The town 
contains about 30,000 inhabitants ; but with the exception 
of the governors palace, and one or two harems connected 
with it, there are no buildings in it of any importance. 

The gardens are most prolific: pomegranates, lemons, 
limes, oranges, grapes, cream-fruit, bananas, prickly pears, 
figs (two crops), and garden vegetables of great size and 
luxuriance (salads, cucumbers, potatoes, radishes, &c.), are 
to be had here in abundance. The trade in gum and 
slaves is the only very important one. There is also a small 
export trade in gold, ivory, and ostrich feathers ; while 
glass beads, gunpowder, and Manchester cotton goods are 
the principal imports of this city, which supplies the vast 
territories of Sennaar, Darfur, and Fazokl. The net revenue 
of these provinces is said to amount to from L.200,000 
to L.250,()00 per annum, which is remitted to Cairo, after 
deducting the various expenses of government, collection, 
and of the standing army. The latter consists of 15,000 in- 
fantry, 5000 cavalry, and 24 pieces of artillery. The go- 
vernor enjoys a more than viceregal power ; — at once com- 
mander-in-chief of the arm}^ and chiefjudge over these pro- 
vinces. Latif Pasha, who was the governor in 1850, told 
the writer that he was in direct or indirect communication 
with 30,000,000 subjects ; but as we found him ignorant 
of the number of tribes inhabiting the immediate districts 
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Nile, round KharfcOum, no great reliance can be placed on these 
figures, except in so far as they confirm all the accounts 
we have of the immense population of the banks of the 
White Nile. There is no reason to suppose that these 
nations are badly governed, though they appear somewhat 
over-taxed in certain districts ; for the rulers of the southern 
provinces of Egypt are all men of great ability, — ^and, for 
Turks, of rare intelligence, — in fact, they have, almost with- 
out exception, received these high preferments as a species 
of transportation for being too European and civilized in 
their ideas. Latif Pasha was an intimate friend of Linant 
Bey, Clot Bey, and Lambert Bey, all of whom were in 
great disgrace, and some of them in the same sort of hon- 
ourable banishment, during the latter part of the reign of 
Abbas Pasha, the late viceroy of Egypt. 

The city of Khartoum is situated in Lat. 15. 37. N., and 
Long. 33. E. from Greenwich, within 250 yards of the con- 
fluence of the White and Blue Niles, the Bahr-el-Abiad, 
and the Bahr-el-Azrek. From this point the Nile flows 
1500 miles ere it reaches the Mediterranean ; and with 
one exception, that of the small tributary the Atbara or 
Tacazze (a stream which may be waded across in the dry 
season), not one drop of water falls into it ; while it sup- 
plies the innumerable shadoofs of Nubia, the thousands 
of sahias which water the land of Egypt, and the hun- 
dreds of canals which irrigate the country below Assiout ; 
and, after its long journey of 1500 miles, moving along at 
the rate of from IJ to 3 miles an hour, exposed to the 
evaporating influence of the rays of a never-clouded sun, 
pours into the sea, through the Damietta and Rosetta 
branches alone, a volume of water amounting to from 
151,000,000,000 cubic metres to 706,000,000,000 cubic 
metres per diem according to the season. 

Cause of The most superstitious and uneducated of the Arabs at 
the iuua- Cairo still believe that one drop of water falling upon some 
dation. particular rock in Abyssinia causes the inundation of the Nile ; 

but the real cause of the annual overflow is well known to 
be the very heavy rains which take place in the south during 
the months of June, July, and beginning of August- The 
traveller, ere he reaches the junction of the two Niles, 
will have already seen some traces of these heavy falls of 
rain. In the desert of Bayiouda, 150 miles from the 
river, the sides of each ridge of ground are marked with 
miniature river-beds ; every little valley has a damp spot, 
where, for a few weeks, a small lake was collected ; and 
his path is often traversed by deep water-courses, now 
long since dried up. At Khartoum the rains are described 
as lasting for four or five weeks without intermission, the 
streets are turned into rivers, the public square into a lake, 
and many of the mud-walled houses fall in, though the 
river does not overflow its bank on that side. In 1850 
the Azrek rose at Khartoum as much as 18 inches in one 
night. Violent as these rains seem to be, there is no 
doubt that further south they are much more violent, and 
of much longer duration. The two branches of the Nile 
rise at about the same time. The Blue Nile, during its 
tortuous course, is fed by the various streams which flow 
from the mountains of Abyssinia, and the Atbara collects 
the rain which falls on the high ground situated to the 
N.E. ; but by far the largest body of water comes down 
by the White Nile from the marshes and lakes in Lat. 6 . to 
10 . N., and from the original mountain sources yet farther S. 
Blue Nile. sources of the Blue Nile, or Bahr-el-Azrek, as we 

know by the discoveries of Bruce, consist of three large 
springs among some mountains flOCK) feet above the level 
of the sea, situated, , according to his calculations, in 10 . to 11 . 
N. Lat., and 36. to 37. E. Long. ; thence the river flows 
through the Lake of Izana or Dembea, known to Ptolemy 
by the name of Kaloe, and pursuing a most circuitous 
course (at one time almost returning to its original source), 
collects all the streams running down from the mountainous 


regions of Gojam, and flowing northward through a series Nile, 
of cataracts or rapids, descends into the district of Fazokl, 
where the gold mines of the Pasha of Egypt are situated. 

There, having been enlai'ged by the influx of the Jumet 
from the S.W., the river reaches the plains of Sennaar by 
another series of cataracts and rapids. The natural bed of 
the river at Khartoum is half a mile in width, and the water 
in the dry season from 400 to 500 yards wide. In the inun- 
dation it rises from 18 to 24 feet in height, and is from 1 
to 1 :^ mile in width. The water flows very rapidly when 
compared with the White Nile, and opposite Khartoum is 
clearer, fresher, and sweeter, than after its junction with 
the latter. 

The sources from which we might draw our information WhiteNile. 
as to the White Nile are very numerous, but as very few of 
those who have ascended this branch of the Nile above 
Khartoum have taken reliable observations, and as no two 
accounts are easily reconciled, our task of selection is no 
easy one. We shall, however, briefly glance at the travels 
and opinions of the most trustworthy pioneers- 

Browne penetrated to the south of Darfur, and believes Opinions of 
that the actual sources of the Bahr-el-Abiad are situated Browne, 
in 7. N. Lat., and consist of many streams flowing from 
the Mountains of the Moon, which he places in 6 . N. Lat., 

4 degrees N. of the point to which the Nile has since been 
ascended. This is a revival of the opinion of Ptolemy, 
and we believe the correct orie, — “ The Ethiopian Anthro- 
pophagi dwell around this gulf, which is skirted on the 
west by the Mountain of the Moon, from the snows of which 
the superabundant waters of the Nile are drawn.” (PtoL, 

Geogr. iv. 8 .) 

Linant Bey, travelling for the African Association in Linant 
1827, surveyed the course of the river a direct distance of 
132 geographical miles, from Khartoum to about Lat. 10 . 

N. He describes the river as in many places 1 ^ mile 
wide, while its banks seeified often as much as 4 miles 
apart; and asserts that when the river is at its greatest 
height it overflows its banks a distance of 20 miles on each 
side. The general appearance of the country is flat 5 the 
eastern side is desert, while the western banks are covered 
with vegetation, stretching inland." Farther south, the 
river becomes narrower, and the depth increases to from 
6 to 8 fathoms. From information obtained at the most 
southern point of his journey, he seems to be of opinion 
that the White Nile rises from a System of lakes, and he ad- 
vances, in defence of this view, two facts, — That neither 
gravel nor sand, indicative of its being fed by torrents, are 
found in it, and that the clayey nature of its shoals proves 
that it does not come from mountains ; 2d, That the pro- 
digious quantities of fish which arrive at Khartoum by the 
first freshes could only have come from lakes, where they 
had been imprisoned during the low water, and from which 
they escape when the heavy rains commence. 

Mr Hoskins believes that the source of the Nile could 
only be discovered by means of an armed force, and that 
it would require a large army to subdue the great extent 
of country through which the Bahr-el-Abiad passes. He 
thinks that not only the chiefs, but the whole population, 
instead of any of them joining the standard of the invader, 
or furnishing him with provisions, would resolutely oppose 
him ; each man would fight fbr the preservation of his 
property, family, and liberty. 

Colonel Leake observes that, if man-stealing had 
been the principal object of the numerous Egyptian expe- Leake, 
ditions up the White Nile, they would have been more 
successful in penetrating to its sources. He seems to be 
of opinion that a route by water in the direction of the 
sources of the Nile is afforded from the westward by means 
of the newly-discovered branch of the Quorra (the Shary), 
which is a mile and a half wide at its junction with the Quorra, 
and is navigable for a great distance above the confluence. 
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Me. As the Shary, where crossed by Dr Barth, in Lat. 9. 2. 
N., Long* 14. E., was found to be about half a mile wide, 
this hypothesis is not an unnatural one. The most ancient 
authorities uniformly maintain that the Niger and the Nile 
are connected together; and it has ever been a favourite 
opinion with the .Egypti^-n race that the Nile flows from the 
sea through the centre of Africa, is lost in the sands of the 
great desert, and re-appears in the country of the Shellacs. 

AVerne, Mr Werne, in his work on the White Nile, gives a most 
detailed account of his travels southward to about 4. 30. 
N. Lat. He formed part of the great expedition in 1840 
of which Ahmed Pasha and Suliman Kashef were the 
chiefs, and MM. Arnaud, Thibaut, and Sabatier the prin- 
cipal Europeans. The expedition consisted of 10 vessels 
mounting 10 guns in all, and manned by 260 Negro, Egyp- 
tian, or Syrian sailors and soldiers. They set sail for the 
southwards from Khartoum on the 23d November 1840. 
As they proceeded, they found the left shore wooded with 
a girdle of copsewood and large trees, extending just as far 
as the annual inundation ; while on the right shore the bare 
stony desert extended to the horizon. In Lat. 14. 35. N. 
the river, now 3 miles broad, becomes studded with fertile 
islands. They sail past the islands of Genna, Sial, and 
Salahieh, swarming with three distinct tribes of monkeys ; 
in the mud where they anchor, large river snails and oysters 
are found ; the low banks of the islands are trampled with 
hippopotamus footprints ; among the trunks of the trees, 
still standing in the water, large white aquatic flowers 
glisten, and the beautiful double lotus, sacred to the tem- 
ples of Lower Egypt, here first appears ; the sun sinks be- 
hind the mountains of Hassanieh, and the roar of the lion 
resounds on the eastern bank. 

Twelve days’ sailing brings them to where the great 
population of the banks of die White Nile begins. At one 
moment 16 to 18 villages, with their round mud houses, 
each containing from 6 to 8 inhabitants, are in sight ; a few 
minutes after, a bend of the river opens 20 to 25 more to 
the view — ^many of them containing from 200 to 300 
houses. As far as the eye can reach, vast fields of corn 
stretch to the eastward, speckled with habitations ; while 
the western side continues flat, and forms an immeasurable 
grassy sea, the limit of which is undiscernible from the 
masthead. A few hours farther on, they sail through a 
perfect sea of lotus, the whole river for many miles being 
white with these beautiful flowers. Flocks of guinea-fowls 
fly overhead, and geese, ducks, and many varieties of 
fresh-water fowl abound. They proceed past forests of 
tamarisks and lately covered pasture land, thickly peopled 
with the dark handsome Shelluc or Bakhara tribes, to 
where (Lat. 10 N.) the river winds in two vast streams 
round a large island of marshy meadow land, 6 miles firom 
side to side, and nearly 20 long — ^forming no doubt the bed 
of the river in the inundation season. When again on the 
united stream, they find the number of villages undiminished, 
but they are now shaded by the African giant-tree (Adan- 
. smia digitata), and in the woods the gum-bearing mimosa 
seems crushed by the slender aspiring Dhelleb palm, here 
taking the place of the Doum palm of Berber. At one 
moment six ostriches are in sight on the western bank, and 
sixteen white crocodiles are seen basking on the mud islands 
in the middle of the stream. As they reach the River 
Saubat (Lat. 9. N.), near the mouth of which 17 new 
• Shelluc villages appear, they see a large city 9 miles off, on 
the confines of a fertile grassy plain, covered with huts and 
cattle.^ On the western bank, two giraffes are quietly 
browsing; and 35 villages, containing from 120 to 600 in- 
habitants each, are remarked at one moment. 

ars es. N. all this population and fertility ceases, 

and the marshes begin. The bottom of the river is covered 
with black moss, the current falls to half or even a quar- 
ter of a mile an hour, stnd the air is alive with every species 
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of mosquito and gnat ; not a breath of air fills the sails ; the Nile, 
heat is most oppressive, every sign of firm ground vanishes, 
no tree, no village is in sight, and for days they row on in a 
sea of grass, the burning sky above them. The only sounds 
are the trombone grun tings of the numerous hippopotami, 
as they wallow among the dank grasses. The gnats are 
merciless — no protection from them can be devised, and 
there is no rest night or day from their attacks ; sickness 
appears — many of the crew die, and Mr Werner is himself 
insensible for four days. The papyrus, 15 to 20 feet high, 
and 2 inches thick, bearing on the top a corolla or tuft, 
branching out in rays, as depicted in the temples, though 
found in no other part of Egypt, is abundant here. This is 
the part of the journey up the White Nile which has proved 
fatal to the success of so many expeditions. The crews 
have generally revolted, and refused to proceed any farther, 
or the chiefs of the party have fallen ill, and ordered a 
return. 

At last they emerge into a canal 100 yards broad, sur- 
rounded by high reeds ; the banks seem to be of a soft 
green colour, formed by pale green aquatic plants — ^lilac 
convolvulus, moss, water-thistles, and a kind of hemp — in 
which the yellow ambac tree flourishes, hung round with 
luxuriant deep-yellow creepers. Few land birds are to be 
seen, but the pelican, the black ibis, and the dark-red 
stork are not uncommon. The river winds so much (Lat. 

7. 48. N.), that a boat which is four hours ahead seems to 
be moving along parallel with the rest of the expedition, 
and the progress is thought good when they make 2 miles 
due south in 24 hours. Again (Lat. 6. 42. N.) villages 
appear, and city succeeds city in the pasture land in the 
interior on both sides of the river, and the shores are lined 
with an innumerable population. A small army of elephants, 
with the white paddy birds sitting on their backs, are shak- 
ing the branches of the Dhelleb palm for its fruit ; and the 
giraffe watches them from the borders of the desert. 

Shortly after entering the kingdom of Bary the expedi- 
tion was guilty of a rash brutality, which, had there not 
been a good wind at the time, enabling them to push for- 
ward, might have led to the most disastrous consequences. 

The Turks quarrelled about some exchanges with the de- 
fenceless natives, and fired among them, killing and wound- 
ing 20 or 30 men and women. The natives are of course 
not able to distinguish between the Turkish soldiery and 
Europeans ; and as each Turkish expedition robs and mur- 
ders without scruple, the natural timidity of the Negroes 
daily increases, and thus casts further difficulties in the way 
of peaceful traders. The European portion of the expedi- 
tion seem to have behaved pretty well towards the natives, 
but were, as we see from the three published accounts, 
quarrelling with one another the whole time, and would 
never have proceeded as far southwards as they did, had 
they not been under the command of a stolid, obstinate, 
and indifferent Turk. From Lat. 6. to Lat. 4. 30. N., the 
river winds among fertile fields covered with habitations, 
and the horizon is bounded on the east, west, and south by 
high mountain-ranges — the Alps of Central Afirica. In 
4. 30. N. Lat., on the sixtieth day’s sail from Khartoum, 
their progress was arrested by ridges of gneiss rock running 
across the river, and forming a rapid not unlike the second 
or third cataracts in Nubia, and which it would have been 
in vain to attempt to pass without unloading their diahehies. 

In a country rendered hostile by their own misdeeds, this 
would have been very dangerous; and having stayed at 
this point for three days, they made sail northwards. The 
river was at this point 323 feet across, and seemed to stretch 
S.S.W. 

During their stay, Lakono, the King of Bary, one of the 
most powerful rulers of Central Africa, and his wife, paid a 
visit to the commander, Selim Capitan. He arrived es- 
corted by about 1500 Negroes, all armed, naked, painted 
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Nile, red with ochre, and wearing plumes of ostrich, guinea-fowl, 
or cocks* feathers among their hair. Lakono wore a long 
and wide blue cotton shirt, and on his head an oval net- 
work cap covered with black ostrich feathers ; bis neck, 
arms, and legs were ornamented with rings of iron, red and 
yellow copper, ivory, and glass beads. In height 7 feet ; 
the face oval ; the forehead arched ; the nose straight or 
curved, with rather wide nostrils ; the mouth full, like that of 
the ancient Egyptians, as sculptured in the temple of Aboo- 
simbel ; the orifice of the ears large ; and the temples a little 
depressed : he may be taken as a type of his tribe. His 
queen was most simply attired in two red leather aprons ; 
the head was close shaved ; and she wore her usual orna- 
ments of iron, copper, and ivory round her neck, arms, and 
ankles. The Icing, and indeed most of the court, towered 
above the heads of their Turkish and Christian entertainers, 
being all from 6 feet 6 inches to 7 feet high. 

This tribe do not believe in a future life, but acknow- 
ledge one great invisible spirit, the creator of all things. 
They believe that he sometimes visits a particular tree or 
rock in the shape of a bird or lizard, and here a dervish or 
hermit priest dwells, to whom the tribe come, laden with 
presents, to consult as to their domestic, commercial, or war- 
like affairs. 

Lakono told Mr Werne, that in thirty days (travelling) 
from this point, the Abiad separates into four shallow arms, 
and the water only reaches up to the ankles ; but whether 
these four brooks flow from the mountains or spring from 
the ground, he could not say. He seemed positive that 
there was no snow on these mountains, and they had great 
difficulty in making him understand what snow was. This 
seems to upset the theory that the melting of the snow on 
the mountains is a cause of the inundation. 

On the 28th of January the expedition began their re- 
turn, and after eighty-three days* sail they arrived at Khar- 
toum. 

M. Kollet’. M, Brun Rdllet, whom the writer of this article had the 
pleasure qf seeing in Khartoum, has on several occasions 
penetrated as far as the .5th and 6th degrees N. Lat., and 
once reached the mountain of Garbo (3. N. Lat.), the highest 
point to which the Nile has been ascended. 

From this place (he says) there, is every reason to believe 
that the river, becoming less and less, could be traced about 
3 or 4 degrees to the southward, to the foot of the moun- 
tains of Komberat, on the equator. The Kuendas, inhabi- 
tants of these latitudes, say, that from this chain of moun- 
tains flow two small streams Vi^hich unite in the village of 
Lokaya, S. of Robenza, at which spot the river may be 
crossed on the trunk of a fallen tree. These natives could 
not be made to comprehend what snow was. 

Trade. M. Rollet has devoted himself for many years to trading 
with the natives on the banks of the Misslad or Keilak, 
Saubat, and White Nile. Adopting their costume and 
speaking their language, he has resided among them year 
after year, exchanging beads and iron, against gum, ivory, 
and gold-dust. He has a very high opinion of most of the 
tribes with whom he came in contact, and believes much in 
the value of the commercial relations which might be es- 
tablished with them. Once promote commerce (says M. 
Rollet), by protecting the navigation of the river and the 
property on the banks, and vast pecuniary advantages would 
accrue to the Egyptian government ; for the three principal 
tributaries of the Nile are navigable almost to their sources. 
By the Saubat, the foot of the mountains of Imadon, on the 
southern confines of the kingdom of Cafa, may be reached ; 
there a large trade in ivory, gold-dust, gum, cotton, and 
feathers, might be established with the nations living on 
the banks of the river, the Gallahs, and the tribes living to 
the S.E. of the Adehs. 

The exchange of iron for ivory, which amounted to 20 
tons in 1845, has risen to 100 tons in 1851 ; the export of 
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gum has increased much more. W'hen once the Keilac Nimeguen. 
has been ascended to Lake Fitry, will not (asks M. Rollet) 
the route of the White Nile monopolize and treble the vast 
export and import trade which has now to pass through the 
great desert firom the sea at Tripoli and Morocco to Bor- 
nou, Ouaday, and Bagharmi ? The cataracts of the lower 
Nile will always prove a barrier to any very large exten- 
sion of commerce, but a railway from Assuan through the 
desert of Korusko would bring those rich countries to withjin 
ten days* journey of Cairo. All these vast tribes — theDenkas, 

Shellucs, and Barys — would sooner or later become tribu- 
tary to Egypt, the slave trade raging between them would 
be abolished, and the ancient country would regain the high 
rank which she enjoyed under the most powerfiil and pro- 
sperous of the Pharoahs. If this sounds enthusiastic, we 
must remember that these are the opinions of a quiet 
middle-aged man, a clever and successful merchant, who 
has lived for twenty years in Southern Africa engaged in 
the trade, and living among the people of whom he speaks. 

Much hope was entertained by all those who are in- 
terested in the subject, either on commercial or on geogra- 
phical grounds, of the success of the great expedition for 
the discovery of the sources of the Nile, which left Cairo 
last spring with flat-bottomed steamboats, and all necessary 
appurtenances ; but the premature return of Mr A. W. 

Twyford, the only Englishman of the party (June 1857), 
with the news that the expedition was stopped by orders 
fi:om Said Pasha at Meroe, near the Fourth Cataract, has 
disappointed all the expectations that had been formed. 

The source of the Nile is therefore still unvisited ; but 
after reading the interesting travels of Messrs Werne and 
Rollet, we can almost answer the question asked by Tibul- 
lus 1400 years ago — 

Nile pater quanam te dicere causa ? 

Aut quibus in terris accoluisse caput V* 

We may assume that the sources of, the Nile consist of two 
or more mountain streams, flowing firom the mountains of 
Kombirat, on the equator, or half a degree south of it; thence 
it flows northward to Lat. 9. N. ; there it receives the tri- 
butary streams of the Misslad or Keilac from the west- 
ward, and the Saubat from the eastward ; thence, stretching 
in a north-easterly direction, it reaches the city of Khar- 
toum, about 1500 miles from its source, where it is joined 
by the Bahr-el-Azrek, or Blue Nile ; a few miles further on 
it is increased by the waters of the Atbara, whence it flows 
onward through Nubia; thence past the First Cataract into 
Upper Egypt at Assuan, past Cairo to the Barege ; whence, 
diverging into two great branches, it falls into the Mediter- 
ranean through the Damietta and Rosetta mouths. 

The writer of this article has drawn his information from 
personal observation, and from the following works, espe- 
cially from the last three named : — Miss Martineau, Bast- 
ern Life; Captain Neel, Nubian Desert; Wilkinson, 

Modern Egypt; John Kenrick, Ancient Egypt; Clot Bey, 

Apergu Generals sur VEgypte ; Journal of the Geogra- 
phical Society ; Hoskins, Travels in Ethiopia ; A. Melly, 

Lettres dUEgypte et de Nuhie^ 1852 ; M. Brun Rollet, Le 
Nil Blanc et Le Soudan^ Paris, 1855 ; Ferdinand Werne, 
Expedition to discover the Sources of the White Nile^ 

London, 1849. (a. ar.) 

NIMEGUEN, or NiMEaEN, a town of Holland, in the 
province of Gelderland, stands on the Waal, 10 miles 
S.S.W. pf Arnheim, and 53 S.E. of Amsterdam. It is 
surrounded by fortifications in the form of a crescent, and 
entered by ten gates. The church of St Stephen is a 
Gothic edifice in the form of a Greek cross, and contains 
some interesting monuments. There is also a town-hall, 
built in 1554, in the Renaissance style, and adorned in 
front with statues of the German emperors who have 
conferred benefits on the town. In this hall was signed 
the treaty of 1678 between Louis XIV,, Charles II. of 
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Kimes Spain, and the Dutch States. On a hill near the town are 
il a few remains of the castle of Valkenhof said to have been 
yineveh.^ occupied by Charlern^ne. 

^ Nimeguen has numerous churches, an hospital, military 
watch-house, barracks, arsenal, theatre, and prison. There 
is a large market-place ; and on an eminence stands the 
Belvedere, a lofty summer-house built by the town, and 
commanding a fine view. Nimeguen is famous through- 
out the Netherlands for beer ; and it also manufactures 
leather, hardware, stoves, glue, Prussian blue, soap, painted 
glass, &c. There is a harbour in the river protected by a 
wall ; and a considerable transit trade is carried on. Pop. 
(1850) 21,272. 

NIMES. See Nismes. 

NINEVEH (Heb. ; Gr.Ntvos,Ntva)l; LsitNinus, 
Ninos, Nineve; Arab. ^ 53 ^} > Assyrian cuneiform 
character probably 5^ || ,j!Vm«a; or (?) sometimes 

"^1 )y capital of the ancient Assyrian em- 
pire. It stood upon the eastern bank of the Tigris, but 
its exact site had not been satisfactorily determined until 
recent excavations had laid bare some of its principal ruins. 
Tradition, however, had attached the name to a consider- 
able group of mounds, supposed, until lately, to be mere 
heaps^ of earth and rubbish, near the Arab town of Mosul. 
Nineveh offers almost a solitary instance of a great and re- 
nowned city having entirely passed away previously to what 
may be termed the historic period. It did not survive the 
empire of which it was the capital. Both perished together 
about a century and a half before the birth of Herodotus, 
the father of history. Even the very ruins of its great 
national monuments seem to have disappeared before any 
pen could describe them. The Greek geographers col- 
lected some fabulous stories concerning the magnitude and 
duration of the empire, and the extent and magnificence of 
the capital; but the only contemporary notice of either is 
to be found in the Bible, and the details afforded by the 
Sacred records are few and meagre. It is, however, its 
connection with the Jews, with the fulfilment of prophecy, 
and more especially with the events of the first Captivity, 
that renders the history of Nineveh of so much interest. 

The earliest biblical mention of Nineveh is to be found 
in the 10th or genealogical chapter of Genesis- It is there 
placed among the primitive cities built after the dispersion 
of mankind, and its foundation is attributed to Nimrod or 
to Asshur, according to the different reading of the Hebrew 
text, which leaves it somewhat in doubt whether the latter 
name applies to an individual or to the country of Assyria. 
It would appear from the context that the Jews believed 
it to have been built and inhabited by the same race that 
raised Babylon, from which city the Ninevites were a colony. 
The next allusion to it, according to the generally received 
chronology, would be in the book of Jonah, b.c. 850; 
but some German critics have shown that that narrative 
could scarcely have been compiled earlier than the fifth 
century b.c., and consequently long after the destruction 
of the city. It is there described as an “ exceeding great 
city, of three days’ journey,” containing more than six 
score thousand persons that csannot discern between their 
right hand and their left, and also much cattle.” Nahum, 
when foretelling its approaching fate, about 720 b.c., alludes 
to its vast riches of silver and gold (ii. 9), and the multitude 
of its great men and merchants (iii. 1 6, 17). It is next men- 
tioned in Isaiah as the residence of Sennacherib, the King of 
Assyria, about 7 10 b.c. Zephaniah prophesies its impending 
ruin; and this is the last allusion to it we find in Scripture as 
an existing city. In the apocryphal books it is spoken of 
as the dwelling-place of Tobit and his family, and in Judith 
as the capital of Nebuchodonosor, King of Assyria. 

Zephaniah prophesied in the reign of Jogiah, the date 


of whose death may be fixed about 609 B.c. Jeremiah KSneveh 
fxxv. 1 8-26) enumerating, in the first year of the Captivity, 
or about 605 b.c., “ the kings of the north far and near, 
and all the kingdoms of the world,” omits from the list 
Assyria and Nineveh. It has been presumed, therefore, 
that both empire and city had ceased to exist, and that 
their fall had taken place between 609 and 605. This 
date is remarkably consistent with the statement of Hero- 
dotus, that Cyaxares conquered the Assyrians after the 
expulsion of the Scythians from Western Asia, — an event 
which did not occur, according to the most accurate com- 
putation, until 606 b.c. ; the precise date which may 
therefore be assigned with some confidence, as founded 
upon the concurrent testimony of sacred and profane his- 
tory, to the ultimate destruction of Nineveh. (Clinton, 

Fasti Hellenici, i. 269.) It would appear, however, from 
the statements of Greek writers, that about two centuries 
and a half before that period the city had been devastated, 
if not destroyed, by Arbaces, King of the Medes, upon 
whose successful invasion of Assyria, Sardanapalus, the last 
monarch of the ancient Assyrian dynasty, burnt himself 
with his wives and riches on the funeral pile, according to 
the well-known Greek legend. Although Abydenus places 
this event 67 years before the first Olympiad, or 843 b.c. 

(Euseb. Chron, i. 12), it has been confounded with the 
final overthrow of the empire, which occurred 237 years 
later, upon the invasion of Assyria by the combined armies 
of Cyaxares, King of Persia and Media, and Nabopo- 
lassar, King, or more probably Satrap, of Babylon, who had 
rebelled against the King of Assyria. Many ancient writers 
bring the Assyrian empire to a close with the death ot 
Sardanapalus. To reconcile this confusion of dates and 
events, it has been conjectured that there were two kings 
of the same name, and that the second Sardanapalus, who 
was also called Saracus, was the last of the second dynasty, 
and, like his predecessor, destroyed himself with his palaces 
and wealth when his capital was about to fall into the 
hands of his enemies. Josephus, on the other hand {Ant. 
ix. 11, 3), distinguishes between the extinction of the 
Assyrian empire and the fall of Nineveh ; the latter he places 
115 years after the date of Nahum’s prophecy, or about 
626 B.c. ; the former (x. 2, 2), in the reign of Hezekiah, 
probably on the murder of Sennacherib by his sons, or 710 
B.c. Hitherto the discoveries amongst the ruins of the 
city, and the interpretation of the cuneiform inscriptions, 
have furnished no evidence of any conquest of Assyria by 
a foreign race corresponding with the statements of the 
Greek historians and of Josephus, although there is reason to 
believe from the monuments that a change of dynasty took 
place about 750 b.c. It may therefore be presumed that 
the supposed destruction of Nineveh by Arbaces refers rather 
to a revolt of the Medes, ultimately suppressed, with which 
it has been confounded, than to a revolution causing the over- 
throw of the empire and an organic change of government. 

The whole question is involved in so much obscurity, that 
it can scarcely be determined by any attempt, however 
ingenious, to reconcile the conflicting statements of Greek 
writers. A better acquaintance with the contents of the 
cuneiform inscriptions can alone afford authentic informa- 
tion upon this subject. 

The earliest mention of Nineveh after its fall is to be 
found in the Greek geographers. Herodotus, B.C. 440, 
alludes to it, when describing a canal connecting the 
Euphrates wdth the Tigris, as having stood upon the banks 
of this latter river (i. 193) ; and again mentions it casually 
in his sketch of Assyrian history. He evidently speaks of 
it as no longer existing in his day. As he gives so ample 
a description of Babylon, and as, in his journey thither, he 
probably descended the Tigris, and must have passed the 
very site of the sister city, it is to be presumed that he would 
have left some account even of any ruins that might have 
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Ninevelu been still standing. The supposition that Nineveh had been 
entirely destroyed and deserted by its inhabitants long before 
his time, and had not been rebuilt, is confirmed by the fact, 
that Xenophon does not even mention the name of Nineveh, 
although, when leading the T en Thousand in their memorable 
retreat through the Assyrian plains forty years later, he 
actually marched over the ground on which the city once 
stood ; a remarkable circumstance, considering the important 
part Nineveh had played in the history of Asia. He de- 
scribes, however, a large uninhabited castle, the walls of 
which consisted of a plinth 50 feet high, and as many broad, 
built of polished stones full of shells, and supporting a super- 
structure of brick masonry of the same breadth, but double 
the height. He gives no name to these ruins, although they 
were actually the walls of part of the ancient city of Nineveh, 
merely observing that they were near a Median town called 
Mespila, also, it would appear, uninhabited. Some similarity 
in the name has suggested the identification of this place 
with Mosul, which stands on the western bank of the Tigris, 
immediately opposite the remains described by the Greek 
commander. 

Ctesias, who was Xenophon’s contemporary, describes the 
city as one which had never been exceeded in the extent 
and magnificence of its walls, but makes the strange blunder 
of placing it on the Euphrates {Frag, i. 4), in which he has 
been followed by Diodorus Siculus (ii. 27, 28), and which 
can only be accounted for on the supposition, either that 
the city had completely disappeared, or that an error had 
crept at a very early period into the original text. A frag- 
ment from Ctesias, preserved by Nicolaus Damascenus, 
restores the city to its true site on the Tigris (K. O. Muller, 
Frag, Hist, Grcec. iii. 858). 

About seventy years after the retreat of the Ten Thousand, 
Alexander fought his great battle of Arbela near the village 
of Gaugamela, almost within sight of the very ruins described 
by Xenophon ; yet none of the historians of his campaigns 
ever allude to them, or mention the name of Nineveh. 
Strabo, Diodorus Siculus, Ptolemy, and other writers, only 
refer to the city as having been the capital of the extinct 
Assyrian empire, or describe some of its monuments from 
traditions preserved in earlier records. We may therefore 
conclude that Nineveh was not only entirely deserted and 
destroyed after its capture by the Persians and Babylonians, 
but that no attempt was made to rebuild or re-occupy it. 
Indeed, its position was not such as to render it important 
as a centre of trade or traffic. It could only have risen to 
greatness and wealth as the capital of an empire and the 
seat of go vernm ent. When Babylon usurped those honours, 
a busy population was no longer attracted to Nineveh. 

Some centuries later, however, a small fortified town, 
probably of Parthian origin, seems to have been built on 
the ruins of the ancient city, and to have been even called 
by its name. From the numerous Roman and Parthian 
remains, such as fragments of terra cotta figures and coins, 
found in the rubbish which had accumulated over the Assy- 
rian ruins, we may suppose that it stood on one of the great 
mounds opposite Mosul. Ammianus Marcellinus (xxiii. 20) 
mentions ‘‘ Nineve," and Tacitus (xii. 3) alludes to the 
capture of “ Ninos ” by Meherdates. It became incorpo- 
rated at one time in the Roman empire ; and two Roman 
coins are known to have been struck there ; one of Trajan, 

with the legend AUG. FELI. NINI CLAV, the 

other of Maximinus, with the legend COL. NINIVA. 
CLAVD. It would seem, from the epithet “Claudio- 
polis,” that the new town had been restored or rebuilt under 
the Emperor Claudius. (Layard, Nin, and Bab, 591.) 
It appears to have also borne at one time the name of 
Hierapolis. In a tomb, probably of Parthian origin, found 
amongst the ruins, was preserved a gold coin of the Emperor 
Maximinus. 

A small village called Ninoua is mentioned both by the 
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Arab geographers and by European travellers as standing Xineveh. 
on the site of Nineveh in the middle ages. Both village 
and name have long since disappeared. The tradition of 
the site of the ancient city is, however, still preserved by 
the few Christians who live around the ruins, and by the 
Mohammedans in their peculiar veneration for an edifice . 
supposed, but without any reason whatever, to cover the 
tomb of Jonah, built over one of the principal buried ruins, 
and probably upon the foundations of an early Christian 
church or monastery dedicated to the prophet. The great 
mound opposite Mosul on which the Roman or Parthian 
fortress of Ninos is supposed to have stood, is now called 
by the Turks Kouyunjik — “ The Little Sheep by the 
Arabs, Armousheeah, The origin of both names is un- 
known. 


The ruins opposite Mosul have been mentioned by most 
travellers, ancient and modern, who have visited that town ; 
but the first to give any accurate description and plan of 
them was Mr Rich, for some years political agent of the 
East India Company at Baghdad. In the year 1820 he 
was able to make a careful survey of them, which was sub- 
sequently published by his widow. The Arabs in the 
neighbourhood informed him that some time previous to his 
visit the figures of men and animals sculptured in stone had 
been dug out of one of the mounds. They had been im- 
mediately destroyed by the Mohammedans as idols belonging 
to the infidels, and Mr Rich was unable to obtain even a 
fragment. He only succeeded in collecting a few speci- 
ments of pottery and bricks inscribed with cuneiform cha- 
racters, and one or two Assyrian relics. Ruins similar to 
those examined by Mr Rich abound in the region watered 
by the Euphrates and Tigris. They consist of enormous 
mounds of earth rising abruptly from the plain. At some 
distance they appear like natural elevations or mere heaps 
of earth ; it is only on closer inspection that they are found 
to be the work of men’s hands. Where the winter rains 
have worn deep furrows in their sides, may be traced masses 
of solid masonry, either of bricks baked in the kiln, or 
simply dried in the sun. On and around them, far and 
wide, are scattered firagments of pottery, the sure sign of 
former population. The Arabs not unfrequently choose 
these artificial elevations as the site of their villages of rude 
mud huts, either building upon their summit, as a position 
easy of defence against marauding Bedouins, or at their 
foot. They call them Tel^ a name by which they appear 
to have been known even in the time of the Jewish cap- 
tivity. The principal mounds of this description on or near 
the site of Nineveh are those already mentioned near 
Mosul, usually identified with the remains of the city ; — 
Nimroud, near the junction of the Rivers Tigris and Great 
Zab, about 20 miles to the S. of Kouyunjik ; Selamiyah, 

3 miles to the N. of Nimroud; Khorsabad, 12 miles to the 
N.E. of Mosul; and Karamles, about 15 miles to the N.E. 
of Nimroud. The space between these ruins contains nume- 
rous smaller mounds covering the remains of ancient edifices ; 
and on all sides may be found the traces of former habita- 
tions. The groups of Kouyunjik, Nimroud, Selamiyah, 
and Khorsabad, are remarkable as each comprising one or 
more large mounds, and the remains of a regular system of 
walls and defences inclosing a considerable area. The 
other ruins are isolated and scattered over the face of the 
country without apparent order or design. 

In the year 1841 M. Botta, who had been recently ap- 
pointed French consul at Mosul, determined to examine 
more carefully than had hitherto been attempted the mound 
of Kouyunjik. For this purpose hef employed a party of 
Arabs to excavate in it, but without other result than the 
discovery of a few fragments of inscribed slabs. A peasant 
having informed him that remains of ancient buildings had 
been found at Khorsabad in digging the foundation of a 
house, he removed his workmen to that ruin. He was 
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Nineveli. almost immediately rewarded by the discovery of a series of 
upright slabs in a coarse grayish alabaster, sculptured in bas- 
relief^ with figures of men and animals, and with inscriptions 
in, the cuneiform or arrow-headed character,^ then only 
known from Persian monuments of the Achmenian dynasty, 
and a few fragments from the ruins of Assyria and Baby- 
lonia. These slabs were found to be the panelling of the 
lower part of a room filled with earth and rubbish. A 
doorway opened into a second apartment, and further exca- 
vations disclosed a series of halls and chambers of different 
dimensions lined with similar sculptured slabs. After some 
months’ labour, the greater part of the ground plan of a 
magnificent palace was laid bare. 

This edifice had evidently been destroyed by fire, which 
had calcined the alabaster slabs. A mass of charred wood, 
bricks, and other materials, employed in the construction of 
the building, completely covered the* ruins. Above this 
heap of rubbish soil had accumulated. The surface of the 
mound yearly produced a crop of barley or corn, and on 
one part stood a small Arab village. The huts were pur- 
chased, and pulled down. Subsequently, under the direc- 
tions of M. Place, the ruins of a propylaeum and of a broad 
flight of steps leading up to the building were uncovered. 

The principal mound at Khorsabad may be divided into 
two parts ; an upper, about 650 feet square, and 30 feet 
high; and a lower, connected with it, about 1350 feet by 300. 
At one corner it is a low pyramidal elevation, which may 
mark the remains of a watch-tower or the superstructure of 
a royal tomb. The entire quadrangle, inclosed by walls, 
would be about 1 J mile square. It contains no other ruin 
of any importance. 

M. Botta’s discoveries at Khorsabad were followed by 
those of Mr Layard at Nimroud, where ruins of a similar 
character, though of greater antiquity and of more import- 
ance, as being the remains of buildings of several different 
epochs, were uncovered, A mound 700 yards by 400, 
surniounted by a conical elevation or pyramid J 40 feet high, 
forms the corner of a walled inclosure 2331 yards by 2095 
in the widest part. The Tigris once flowed under the 
western face of this quadrangle, and at the foot of the great 
mound. It is now I J- mile distant. The northern wall 
still shows the remains of flfty-eight nearly equidistant 
towers ; in the eastern only fifty can be traced. A deep 
ditch or moat appears to have defended such parts of the 
in closure as were not protected by the river. The remains 
of several distinct buildings, erected by different kings, 
were found in the principal mound. In one instance, ma- 
terials, such as sculptured slabs, had been taken from one 
edifice to be used in the erection of another. Some had 
been destroyed by fire, others appeared to have been sud- 
denly covered by the falling in of the upper stories. In 
the one case, the sculptures were calcined, as at Khorsabad; 
in the other, they were perfectly preserved with all their 
original sharpness and minute details. Many of the cham- 
bers were panelled with slabs having nothing but the same 
inscription repeated over and over again. Others were 
lined with bas-reliefs singularly interesting and elaborate. 
The pyramid was found to be the remains of a square 
edifice, solidly constructed of sun-dried bricks, faced to the 
height of 20 feet with masonry of large stones carefully 
squared and bevelled, and above that height with kiln- 
burned bricks. In the interior was discovered one vaulted 
gallery 100 feet long, 12 high, and only 6 broad. It was 
probably a royal sepulchre, but had been despoiled at some 
remote period of its contents. It has been conjectured 
that it may represent the tomb of Sardanapalus, which the 
Greeks described as placed at one of the entrances to the 
city. No remains of modern habitations existed in any 
part of the ruins. A small Arab village, named after them, 
has been built about one mile from the great mound. 

Excavations were also carried on by Mr Layard in the 
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ruins opposite Mosul, which consist of two principal mounds, Nineveh 
Kouyunjik, and that of Nebbi Yunus (or the tomb of the 
prophet Jonah), On the sides and at the foot of the 
latter, facing the river, is an Arab village, and the summit is 
covered with the graves of Mohammedans who have been 
buried around the holy edifice. A village formerly stood 
on Kouyunjik, but its inhabitants deserted it many years 
ago, and established themselves in the plain beneath. The 
two mounds form part of the western or river side of the 
fortified inclosure. Kouyunjik, the largest, measures about 
866 yards by 500 ; Nebbi Yunus, 566 by 400. They are 
connected by the remains of part of the wall forming the 
western face of the quadrangle, which is 4530 yards in 
entire length. The northern wall is 2330 yards; the 
eastern, which forms a considerable curve, is about 5300 ; 
whilst the southern is scarcely 1000 ; the inclosure having 
thus the form of an irregular quadrangle, approaching to a 
trapezium. The northern face was defended by a deep 



moat; the western was protected by the Tigris, which 
washed the walls, but has long since deserted its ancient 
bed, and now flows about three-fourths of a mile from 
Kouyunjik; still, however, approaching the north-west 
corner of the inclosure. On the southern face was a ditch 
and an exterior rampart. The eastern face, being the most 
exposed, was the most strongly fortified. For this purpose 
the nature of the ground offered many advantages. The 
Khausser, a deep, sluggish stream, divides the quadrangle 
into two nearly equal parts, and winds round the base of 
Kouyunjik. Before entering the quadrangle, it runs for 
about IJ mile parallel to and near the wall, thus furnishing 
a strong natural defence. A low ridge of conglomerate 
rock beyond the Khausser was heightened, by artificial 
means, to form strong outer ramparts. The fortifications 
to the south of the point where the Khausser enters the 
inclosure were very extensive and complete. Two deep 
and broad ditches, fed by that stream, one dividing itself into 
two branches, and the outer and larger moat being no less 
than about 200 feet in width, were separated by a second 
wall or rampart ; whilst a third, still in some places about 
100 feet high, faced the open country, and extended almost 
the entire length of the quadrangle. This outer wall was 
probably that described by Diodorus Siculus as 100 feet 
high, and sufllciently wide for three chariots to drive abreast 
upon it. Its length he absurdly exaggerated. It appears 
to have been constructed chiefly of the earth and rubbish 
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Ifineveli. removed to form the ditch.' No remains of stone facings 
have been found. The inner wall was built of stone and 
brick masonry. It no doubt resembled those of the fortified 
cities represented in the Assyrian bas-reliefs, with towers at 
equal distances (many may still be traced), and surmounted 
by ornamental battlements of stone, portions of which have 
been found among the ruins. The entrances or gateways 
were probably arched; two have been discovered and 
partly excavated, one nearly in the centre of the northern, 
the other in the inner eastern wall. The former consisted 
of two halls, 70 feet by 23, opening upon the plain, and 
upon the interior of the inclosure by gateways flanked 
by colossal man-headed bulls and winged human figures. 
On the pavement of limestone slabs. could still be traced 
the ruts of the chariot wheels. From the immense mass of 
bricks, charred wood, and rubbish in which this gateway 
was buried, it may be conjectured that a lofty tower rose 
above it, which, like the palace, was destroyed by fire. 

The ruins of the palace at Kouyunjik are similar to 
those at Nimroud and Khorsabad, but belong to an edifice 
of greater extent and magnificence than either. The 
dimensions of the principal courts or halls exceed those of 
any other Assyrian building yet discovered. Every part of 
the palace was adorned with sculptures. During the ex- 
cavations carried on by Mr Layard no less than 71 cham- 
bers, panelled with nearly two miles of bas-reliefs, and 27 
entrances formed by colossal winged bulls or lion sphinxes, 
were uncovered, and scarcely half the palace was examined. 
Works since carried on under tlie superintendence of Mr 
Hormuzd Rassam and of Mr Loftus have brought to light 
a large number of additional apartments. 

The sanctity attached by the Mohammedans of Mosul to 
the tomb of Jonah, has prevented Europeans from explor- 
ing to any extent the mound upon which it stands. Re- 
mains of building resembling those at Kouyunjik, and of 
nearly the same period, were, however, discovered in*, it by 
Mr Layard ; and subsequent excavations on a small scale, 
undertaken by the Turkish government, have proved the 
existence of a palace adorned with sculptures and sphinxes. 

The ruins of a palace or temple have also been discovered 
in the mound of Shereef-Khan, about 6^ miles to the north 
of Kouyunjik ; and nearly all the mounds scattered over 
the plain between the Tigris and the hills have, when 
examined, been found to contain remains of edifices, but 
none have furnished sculptured or inscribed slabs. The 
principal ruins in the district are, — Selamiyah, three miles 
north of Nimroud, with a walled inclosure about three 
miles in circuit ; Karamles (near the field of the battle of 
Gaugamela or Arbela) ; Baashiekha ; and Baazani. 

The most ancient Assyrian edifice hitherto discovered 
is that at the north-western corner of the mound of Nim- 
roud. It appears to have been rebuilt, if not founded, by 
a Hng whose name is believed, by some interpreters of the 
cuneiform character, to read Asshur-dan-pal, and to cor- 
respond with the Greek Sardanapalus. The approximate 
date of his reign may be from 950 to 920 b.c. His son, 
whose name is read Shalmanee-bar, erected a second palace 
in the centre of the same mound. His grandson (? Phal- 
lukha), who is identified with the Scriptural Pul, and whose 
queen is supposed to have been the celebrated Semiramis, 
her name having been found on monuments from this build- 
ing, rebuilt this edifice, and founded a third near the spot. 

The next palace in order of date is that at Khorsabad, 
raised by a king who has been identified with the Sargon 
of Isaiah (xx.), and who would have consequently reigned 


about 725 B.c. The ruins of this building were called, after Nineveh, 
him, Sar^oun even long after the Arab conquest. The 
great palace excavated at Kouyunjik was founded by Sen- 
nacherib about 700 B.C., as well as those at Shereef-Khan 
and at Nebbi- Yunus, the latter of which appears to have 
been finished by his son Essarhaddon, who added an addi- 
tional edifice to the group already erected at Nimroud, 
and for this purpose appears to have destroyed, or taken 
materials from, those built by Sardanapalus, by the Tiglath- 
pileser of Scripture, and others, his predecessors. The 
son of Essarhaddon, whose name also has some resemblance 
to Sardanapalus, completed or enlarged the palace of his 
grandfather at Kouyunjik, and added to that at Shereef- 
Khan. Remains of an edifice belonging to his son, rudely 
constructed, and without the usual ornamental sculptures, were 
discovered in the south-east corner of the mound of Nimroud. 

It is possible that all these palaces may have been built 
upon the sites of more ancient edifices, of which, however, 
no traces have hitherto been found. There can* be little 
doubt that Nineveh was founded several centuries previous 
to the erection of the earliest buildings as yet uncovered. 

If any value is to be attached to the dynastic lists of Cte- 
sias and other Greek writers, which are, however, rejected 
as entirely untrustworthy by the interpreters of tlie cunei- 
form inscriptions, the city must have existed nearly twenty- 
two centuries b.c.; and this conjecture is strengthened by 
its agreement with biblical chronology. The name of Ni- 
neveh occurs more than once on Egyptian monuments of 
Thothmes III., or fourteen centuries b.c. Kings who oc- 
cupied the throne long previous to the first Sardanapalus, 
the builder of the north-west palace at Nimroud, are men- 
tioned in the inscriptions ; but although Nineveh appears 
to have been a flourishing city even under those monarchs, 
the capital of the empire, according to Sir Henry Rawlin- 
son, was some 60 miles lower down the Tigris, on the 
western bank, and is marked by the ruins of Kalah-Sherg- 
hat, where monuments of a highly interesting character 
have been discovered. The first of these kings may have 
reigned about twelve centuries b.c., but there is reason 
to believe that events of Assyrian history are alluded to on 
monuments of a much earlier date. According to the in- 
scriptions it would seem that Sennacherib was the first to 
move the seat of government to Nineveh, which he almost 
entirely rebuilt, the city having fallen into decay and ruin. 

But it must be observed, with reference to all conjectures 
founded upon the interpretation of the cuneiform characters, 
that our present knowledge of the ancient writing and lan- 
guage of Assyria is far too uncertain to admit of any positive 
conclusions. The dates of the earlier edifices at Nineveh 
depend entirely upon the correct rendering of the inscrip- 
tions. We know that the ruins of the north-west palace 
at Nimroud are the most ancient yet discovered, and the 
traditions still existing in the country point ,to them as 
such ; but as yet we have no positive evidence to identify 
its founder with any monarch mentioned in history, or the 
date of whose reign can be established by any proof. ^ On 
the. other hand, there is much concurrent evidence of a 
very remarkable character, besides the interpretation of 
the names on the monuments themselves, to enable us to 
assign the palaces of Khorsabad, and Kouyunjik to Sargon 
and Sennacherib. On monuments of the latter monarch 
have been discovered inscriptions of extraordinary interest, 
containing the name of Hezekiah, and a record of the inva- 
sion of Judea and siege of Lachish, mentioned in the book 
of Kings. 


' ^ On the black obelisk (how in the British Museum) raised by the son of the founder of the north-west palace, mention is believed to 
be made of Jehu, the son of Omri, ** Yahua, the son of Kumri,” and of Samaria as “ Beth-Kumri,^’ (the House of Omri) ; and on monu- 
ments from the same edifice, Benhadad, King of Damascus (1 Kings xx.) is supposed to be included in the list of kings who paid tribute to 
Assyria. In an inscription of a later monarch, ascertained to be the Scriptural Pul, Menahem, King of Samaria, and Hiram, King of 
are spoken of. 
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Nineveh. Such being the ruins on or near the site of Nineveh, 
and their relative antiquity, it remains to be determined 
which represent the ancient city. It is evident that 
the space inclosed within the quadrangle opposite Mosul 
could not have contained a capital of such vast extent and 
importance as is assigned to Nineveh by the concurrent 
testimony of sacred and profane writers. The descrip- 
tion in the book of Jonah is too vague and obscure to 
convey any definite idea of its size. Do the three days’ 
journey imply the circuit of the city, its extreme length, or 
the time employed in traversing its principal streets ? Are 
the “ six score thousand persons who did not know their 
right hand from their left” intended to comprise a particular 
class, such as children ; or is the expression used to mark 
the general ignorance of the whole population ? In the 
one case, the city would have been of enormous extent, 
and would have contained about 600,000 inhabitants ; in 
the other, it would have been of moderate size, with a po- 
pulation of 120,000. The dimensions assigned to Nineveh 
by the Greek geographers are more definite ; and although 
in many respects undoubtedly fabulous, curiously confirm 
those given in the book of Jonah. Diodorus Siculus, who 
derived his information chiefl.y, it would appear, from Cte- 
sias, states that the city formed a quadrangle 150 stadia by 
90, the square being thus 480 stadia, or about 60 miles, cor- 
responding to the three days’ journey of Jonah. Strabo 
declares that Nineveh was larger than Babylon, the circuit 
of whose walls were, according to him, 385 stadia ; and ac- 
cording to Herodotus 480. The in closure of Kouyunjik 
being scarcely 9 miles in circuit, including even the outer 
ramparts, cannot be that described by Diodorus ; but as 
an instance of the inaccuracy of Greek writers in giving 
such dimensions, or of errors that may have crept into the 
text of their works, we find this very quadrangle opposite 
Mosul stated by Xenophon, after actual personal observa- 
tion, to be six parasangs, or about 18 miles in circuit, just 
double its actual extent.^ 

To reconcile all conflicting statements, it has been con- 
jectured that Kouyunjik, Khorsabad, Nimroud, and Karam- 
les, with the numerous ruins in the intervening plain, may 
represent altogether the site of Nineveh. The careful 
surveys of Captain Felix Jones of the East India Com- 
pany’s navy (published by the East India Company), prove 
that these mounds occupy the four corners of a square, 
inclosing an area agreeing very nearly with that assigned 
to the city by Diodorus. It is assumed that each of these 
four groups was a fortified quarter of the city, a place of 
refuge and defence, including the palace of the king and 
his attendants, the temples and the dwelling-places of those 
attached to them, and the royal park or paradise. The 
space between them is assumed to have been occupied by 
the habitations of the people at large, scattered iar and 
wide over the face of the country, and not collected together, 
as in a European city, by gardens and by cultivated 
fields. This is not inconsistent with Eastern habits. Ispa- 
han and Damascus, with their suburbs, are cities of this 
kind. Within the precincts of Babylon, according to Dio- 
dorus Siculus and Quintus Curtius, corn could be raised 
sufficient for the sustenance of the whole population, in the 
event of a siege. 

On the other hand, if the inscriptions be correctly de- 
ciphered, the inclosure opposite Mosul was alone called 
Nineveh ; Khorsabad and other mounds around having dis- 
tinct names. Nimroud (the Larissa of Xenophon) Sir H. 
Hawlinson would identify with Calah, mentioned in the 
aOth chapter of Genesis. But then no ruins, except Sela- 
imiyah, which are not of sufficient extent or importance, 
would mark the site of Resen, a great city between 


Nineveh and Calah.” He assumes that all the ruins de- Nineveh, 
scribed represent separate and distinct cities, which w^ere, 
however, in the time of the prophet Jonah, known alto- 
gether by the common name of Nineveh. It is quite clear 
that, whatever may have been the extent of the city, there 
were no walls corresponding in extent with the description 
of Diodorus. If such ever existed, it is impossible that no 
traces of them should be found. 

There are no remains to show the general plan of the 
city or of its principal quarters, the form of its streets, or 
the nature of the common dwelling-places of its inhabitants. 

It probably consisted, like most modern Eastern cities, of a 
few great edifices devoted to royal or sacred purposes, and 
constructed of rich and valuable materials ; the abodes of 
the people being of the meanest and rudest description. 

Bricks made of clay, mixed with chopped straw, and simply 
dried in the sun, were generally used for building, as they 
still are in Assyria. Houses so built, when once aban- 
doned, soon fell into complete decay ; and their ruins, ex- 
posed to the winter rains and the summer’s sun, soon 
crumbled to dust. A modern Arab village, when once 
deserted, disappears in a few years, leaving scarcely a trace 
behind. Masonry of sun-dried bricks, when properly pro- 
tected, and when buried, as in the Assyrian mounds, defies 
the ravages of time. The walls of the palaces of Nineveh 
in this material are in many places still as perfect as when 
first raised. 

The great public edifices have alone been sufficiently 
well preserved to furnish any idea of the style of architec- 
ture presented at Nineveh. Assyrian architecture appears 
to have originated on the banks of the Tigris and Euphrates. 

It owes its distinctive features to the fact of the first great 
public edifices of the race which devised it having been 
erected upon the plains of Assyria and Babylonia. In 
order to raise the building, for the sake of dignity or 
defence, high above the surrounding country, it was neces- 
sary to form an artificial elevation, and those enormous plat- 
forms or mounds were constructed which form one of the 
chief characteristics of Assyrian and Babylonian ruins. 

This substructure was either of solid masonry of sun-dried 
bricks, or simply of earth and rubbish heaped up. In the 
bas-reliefs from Kouyunjik is represented the process of 
building it. Long lines of workmen, many of them pri- 
soners or slaves, chained together and in fetters, are seen 
emptying baskets filled with earth and stones on the accu- 
mulating heap. The substructure was raised about 40 or 
50 feet above the level of the plain, and was generally faced 
with masonry or stone. Broad flights of steps led up to 
the summit. The public edifice or palace was constructed 
principally of sun-dried bricks, but parts of the building 
required more solid and more costly materials. To supply 
the first, the kiln-burnt bricks were used; for ornament, the 
Ninevites employed a coarse grayish alabaster found in 
abundance in the immediate vicinity of their city. A re- 
markable feature in these buildings was the immense thick- 
ness of the walls, rarely less than 10 feet, generally about 
15 feet. They were built of sun-dried bricks, and panelled 
with upright sculptured alabaster slabs, from 8 to 10 feet 
high, 3 to 4 feet broad, and about 18 inches thick, placed 
close to one another, but not united by any mortar or ce- 
ment. Above these slabs the wall was either faced with 
kiln-burnt bricks, plain or coated with enamel, forming ele- 
gant designs and patterns of the most brilliant colours, or 
plastered and painted. Cedar and other precious woods, 
gilding, ivory, and bronze, were also used to decorate tlie 
sides of the chambers. These materials appear to be men- 
tioned in the inscriptions as having been brought from afar; 
cedar-wood, for instance, from Mount Lebanon. The ceil- 


tthei^retreaf Xenophon’s parasang may be determined by reference to the distances assigned to the marches of the Ten Thousand in 
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liTinevelu ings of the rooms were also probably of cedar. Large quan- 
cities of this precious wood were found in the ruins of 
Nimroud. There is reason to believe that many of the 
chambers were vaulted. Discoveries in the ruins prove 
that the Assyrians were well acquainted with the principle 
of the arch, and employed it in forming these entrances. 
The principal doorways, and generally all those leading 
into the great halls or courts, were flanked by those well- 
known emblematic figures, now characteristic of Assyrian 
architecture, uniting the body of a lion or a bull with the 
head of a man and the wings of an eagle. These were 
usually of gigantic proportions, and on these were generally 
inscribed the annals of the reign of the king who caused 
them to be erected. 

The alabaster slabs placed against the walls were sculp- 
tured in bas-relief, or had an inscription carved upon 
them. The sculptures were of two kinds — either figures 
of priests or divinities of colossal size, or subjects repre- 
senting battles, sieges, hunting scenes, sacrifices, &c. In 
the latter case, the slab was divided into two parts by an 
inscription running across in a horizontal band, and con- 
taining a description of the work portrayed above or 
beneath. Remains of colour upon the bas-reliefs prove 
that they were originally painted. The pavement of the 
chambers consisted of alabaster slabs, either carved with 
rich and elegant pictures, or covered with inscriptions, or 
more usually of large square kiln-burnt bricks. On the 
back of almost every slab or stone used in the building 
was carved the name of the king who founded it, together 
with a short inscription containing his titles, the names of 
the principal gods, and the countries he ruled over. Upon 
the kiln-burnt bricks also was generally stamped or inscribed 
the name of the king. The interior of these magnificent 
edifices was adorned with statues of the gods and of the 
king, and with obelisks and stelae of marble and other ma- 
terials covered with bas-reliefs and inscriptions record- 
ing the conquest and other remarkable events of the 
reigns of Assyrian monarchs. Several of these monu- 
ments discovered in the ruins are now in the British Mu- 
seum. 

These vast edifices were probably at the same time the 
palace and the temple, the residence of him who was both 
the high priest and the political chief of the nation. These 
offices were at one time similarly united in Egypt, and 
the palace-temple was the dwelling-place of 5ie king. 
Parts of the building may have been specially set apart for 
worship and dedicated to a particular god ; but no detached 
temple, as in ancient Greece, has been as yet found on the 
site of Nineveh. The inscriptions, however, appear to 
mention the* fact of temples of extraordinary magnificence, 
adorned with silver and gold, having been raised in differ- 
ent parts of the empire. The palace was also the house of 
records of the nation ; on its walls were pictured and de- 
scribed its triumphs, and the prowess of its monarch in war 
and in the chase. 

The palaces of Nineveh seem to have been constructed 
upon one general plan, and consisted of a number of cham- 
bers of various sizes grouped round large central halls, which 
were probably open to the sky, and resembled the courts of 
modern Persian* houses. No columns of any kind, nor 
pedestals for pillars of wood for supporting a roof, have been 
discovered. Pillars of wood brought from distant coun- 
tries appear to be mentioned in the inscriptions, and columns 
are frequently represented in the bas-reliefs. No traces of 
windows have been found in the walls ; consequently, it may 
be presumed that the rooms were either lighted from above 
or through the doors only. The latter may have been the 
case, as in modern houses at Baghdad and Mosul, in which, 
for the sake of coolness, the apartments are kept as dark as 
possible. From the immense heap of bricks, earth, and 
rubbish covering every part of the ruins, and filling every 


chamber, frequently rising as much as 15 or 20 feet above 
the level of the sculptured slabs, as well as from the 
representations of buildings seen in the bas-reliefs, it is 
probable that these palaces consisted of more than one 
storey, and that the upper part having fallen in, com- 
pletely buried the lower. The admirable preservation of 
the greater part of the sculptures, although executed in 
a very soft material, which would have perished from 
even short exposure, proves that such must have been 
the case, and that the entire destruction of the buildings 
must have been very sudden. 

No remains of the outer walls of an Assyrian palace, 
hitherto discovered, are sufficient to furnish an accurate 
idea of the exterior architecture of Nineveh. Only the 
lower part of a facade at Kouyunjik has yet been ex- 
cavated. It consists of three grand entrances formed by 
groups of colossal winged bulls and human figures, some 
flanking the doorways, others placed back to back, and facing 
outwards. From what still remains, and by comparison 
with ancient buildings in otlier parts of the East, princi- 
pally in Persia, Mr Fergusson {Palaces of Nineveh and 
Persepolis Restored) has with great ingenuity endeavoured 
to restore a Ninevite palace. The discoveries at Kouyunjik 
of bas-reliefs supposed to represent an Assyrian edifice go 
far to verify his conjectures. There is nearly the same ar- 
rangement of columns in an upper storey resting upon a 
solid basement. The capitals are ornamented with volutes 
resembling those of the Ionic order, and they rest upon the 
backs of winged bulls and sphinxes. The Persians appear 
to have derived both their religion and their architecture 
from the Assyrians. The latter was somewhat modified by 
locality, and by the vicinity of quarries of fine building- 
stone ; but the palaces of Xerxes and Darius at Persepolis 
were erected upon nearly the same plan, and were adorned 
with nearly the same ornaments and the same typical figures, 
as those at Nineveh. Being built chiefly of stone, they have 
defied for a longer period, although exposed to the air, the 
ravages of time. One of the most remarkable facts con- 
nected- with the discovery of the ruins of the palaces of 
Nineveh is, the proof which they afford that the Greeks 
derived their Ionic order of architecture from Assyria. It 
reached them through Asia Minor and Ionia. Not only 
was the Ionic volute the ordinary termination to an Assyrian 
column, but the usual ornaments found on Ionic monuments 
in Greece are for the most part purely Assyrian. Accord- 
ing to the interpretation of the inscriptions, the kings of 
Assyria shortly before the fall of the empire employed 
Greek and Phoenician artists in decorating their palaces, 
and records have been found of the names of the kings who 
sent them and the cities from whence they came. 

Another important result of the discoveries at Nineveh 
is, that they enable us to understand the architectural de- 
scriptions contained in the Bible, and especially those re- 
lating to the palaces and temples erected by Solomon, to 
which, both in the general plan, the materials employed, 
and the style of the ornaments, they appear to have borne 
a very close resemblance. The Jewish edifices were, how- 
ever, far inferior in size to those of Assyria. 

According to a tradition preserved by Greek authors, 
Nineveh was finally captured by the Persians and Baby- 
lonians through a breach in its walls caused by a sud- 
den overflow of the waters of the Tigris. There are no 
indications of this event either in the ruins of Kouyunjik 
or of Nimroud. All the edifices hitherto discovered, ex- 
cept the north-west palace, attributed to Sardanapalus, 
show undoubted marks of having been destroyed by fire, 
and many conclude that the city was at last overwhelmed, 
never to rise again, by one mighty conflagration, (a. h. l.) 

NING-PO, an important city of China, one of the five 
seaports open to foreign trade, and the principal emporium 
in the province of Che-Keang, stands in a fine plain on the 


King-po. 
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Ninian ]eft bank of the Takia, Lat. 29, 51. N. ; Long. 121. 32. E. 

, II - It is surrounded by walls, having a circumference of 5 miles, 
^inia ns^t . ^ 25 feet, a breadth of 22 feet at the base and 15 

at the summit; and is entered by five gates. The walls are 
in a state of considerable dilapidation, and there are large 
suburbs on the outside. Although considered by the Chi- 
nese as one of the finest cities in the empire, Ning-po does 
not strike Europeans as at all remarkable for its elegance; 
the streets being very narrow and dirty, and the houses, 
built for the most part of brick, rarely exceeding one 
storey in height. It is intersected by several canals, and 
the river is crossed by a floating bridge. Among the prin- 
cipal buildings are a hexagonal brick tower of seven storeys, 
160 feet high, and said to be upwards of 1000 years old; nu- 
merous pagodas and public offices ; as well as the temple of 
Ma Tsupu, Near the margin of the river there are nume- 
rous shops and storehouses, which excel in wealth and. 
splendour those of Canton ; and near the city gates there 
are many eating-houses and tea-shops. A missionary hos- 
pital, which was founded) here in 1843, is of great public 
utility, and is used not, only by the poorer classes, for 
whom it was specially intended, hut by all ranks of so- 
ciety. Manufactures of silk are carried on hei'e, as at 
Canton ; cotton stuffs, carpets, furniture, &c., are also pro- 
duced; and in the vicinity are large salt-works. The 
building of junks is also carried on to a considerable extent. 
The trade of the place is very considerable, as it is the 
principal port intermediate between the northern and 
southern provinces ; and owing to the superior speed and 
safety of British vessels, ,the coasting seems to be rapidly 
passing out of the hands of the Chinese. The number of 
British vessels that entered and cleared here in 1856 was 206!; 
tonnage, 26,004. British goods syre only imported to a small 
extent ; but large quantities of the produce of Singapore and 
the Straits of Malacca find a market here. Among the ex- 
ports to Great Britain in 1856 was green tea to the value of 
L.4328 ; and the principal other articles of export are raw 
and manufactured goods of native produce, fbr the use of 
the Chinese on the coasts and in the British colonies. The 
trade of the port is on the whole in a flourishing and in- 
creasing condition. Pop. estimated at between 200,000 and 
300,00.0. 

NINIAN, or Nintas, commonly called StNinidn^ and 
sometimes St JRingan^ . a distinguished bishop among the 
ancient Britons, and said to be the first who carried the 
light of Christianity into Scotland, seems to have been a 
Briton of noble birth and excellent genius. After receiving 
a tolerable education at home, he visited Eome in A.n. 370, 
where he spent several years in study. On his return to 
Britain he engaged with great zeal and success in preach- 
ing the gospel in the most uncultivated parts of the island. 
He chose the modern Whitehorn in Wigtownshire as the 
centre of his operations (called by Ptolemy, ii. 3, Aovko- 
; and by the Komans, who had a station there, Can- 
dida Casd)^ then one of the two towns of the Novantae (the 
NoovavTa6 of Ptolemy), who inhabited Gallovidia (Gallo- 
way). We learn from Bede {Hist, Eceles,^ lib. iii,), that Ni- 
nian built a fine church there about a.d. 400, which he dedi- 
cated to St Martin ; and owing to his great success as a 
Christian missionary was afterwards made bishop of White- 
horn. This place was the centre of Christian light in Scotland 
for more than a hundred years before the arrival of Columba. 
Some of the ruins of St Ninian’s church are still shown 
at Whitehorn; and various localities in Scotland still bear 
traces of the name and the reputation of this zealous mis- 
sionary^, . 

NINIANS, St, a .village and parish of Scotland, in the 
county of, Stirling, , about 1 mile S. of the town of Stirlings 
It consists oi^ one main street of old whitewashed houses 
and has a parish, a Free, and a United Presbyterian church ^ 
and several schools* Malt, whisky, leather, carpets, tartans^ 
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nails, &;c., are manufactured here. Pop. of the parish Ifinove 
(1851) 9851. ^ II 

NINOVE, a town of Belgium, in the province of East ^ipissing. 
Flanders, on the left bank of the Dendre, 20 miles S.E. of 
Ghent. It contains several churches and schools, a town- 
hall, and an hospital. There are breweries, dyeworks, 
bleachfields, brick-kilns, and manufactories of earthen- 
ware, leather, soap, tobacco, vinegar, thread, linen and 
woollen fabrics, ke. Some trade is carried on in wool, 
grain, cattle, and manufactured articles. Pop. 4718. 

, NIOBE, the daughter of Tantalus, King of Lydia. 

The incidents in her life are related differently by different 
authors ; but the following is the simple legend given by 
Homer: — She was married to Amphion, King of Thebes, 
and bore to her husband six sons and six daughters. Proud 
of the number of her children, she began to assert a scorn- 
ful superiority over Latona, who was .a less happy wife. 
Hereupon Apollo and Diana, enraged at the insult cast 
upon their mother, bent their bows, and slew the sons and 
daughters of the doting Niobe. The childless queen, in her 
distracted sorrow, found her way eastward to her father’s 
kingdom. As she stood one day on Mount Sipylus, in the 
motionless attitude of mute despair, she was changed by 
the commiserating Jupiter into stone. There for many 
ages afterwards the simple-minded believer of legends could 
still detect in the rough outline of a crag the weeping figure 
of the unhappy Niobe. This story was the subject of 
several ancient sculptures. One of these, a group of four- 
teen statues, representing the mother in the midst of her 
dying children, was dug up at Rome at some date before 
1583, and was conveyed to Florence in 1775. It now 
stands in the Uffizi gallery of the latter city, exciting by 
its grandeur the admiration of connoisseurs. (See Arts, 

Fine,) Various conjectures have been made regarding the 
authorship and the original position of these statues. 
Winckelraann supposed that they were the work of Scopas ; 
and the English architect Cockerell has shown that they 
were probably arranged on the tympanum of a temple. 

NIORT, a town of France, capital of the department 
of Deux-Sevres, stands in the midst of a rich and beautiful 
region, on the slopes of two hills, separated by the S^vre- 
Niortaise, 79 miles S.E. of Nantes, and 225 S. W. of Paris. 

It was formerly very meanly built ; but has recently been 
much improved, and has now many handsome streets and 
two fine public squares. There are two churches, one of 
which is an ancient Gothic building with a lofty spire ; a 
town-hall, formerly the palace of Eleanor of Guienne, queen 
of Henry II. of England ; an old castle now used as a 
prison, in which Madame de Maintenon was born ; a pre- 
fecture, a theatre, public library, baths, cavalry barracks, 
civil and military hospitals, &c. Niort is the seat of courts 
of primary jurisdiction and of commerce, of a council of 
prudhommes^ an agricultural society, and a commercial col- 
lege. The principal manufactures are leather and gloves, 
especially of doeskin, of which not less than 30,000 dozen 
are annually made. Shoes, woollen and cotton yarn, saddles, 
paper, saltpetre, articles of wood and horn, &;c., are also pro- 
duced here. The commerce of the place is considerable 
in wine, corn, flour, wool, timber, manufactured goods, &c. 

The S^vre is navigable as far as Niort. Pop. (1856) 18,136. 

NIPHON. See Japan. 

NIPISSING, Lake, a lake of Upper Canada, lying 
midway between the Ottawa or Grand River and Geor-. 
gian Bay, an inlet of Lake Huron. Its form is irregular ; 
its length is about 48 miles, its greatest breadth 25, and 
its altitude 750 feet above the sea. Its principal aflluent is 
the Sturgeon River from the N., which connects it with 
other lakes ; and it discharges its waters by the French 
River into Lake Huron. The lake contains several islands, 
occupied by Indians; and abounds in large flocks of 
geese. 
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' Mean NIS AN, the first month of the Hebrew civil year- (See 
jj A,bib ) 

Nismes. NISHAPOOR, a town of Persia, province of Khorassan, 
the capital of a district of its own name, stands in a beauti- 
ful valley, 46 miles W. by S. of Meshed. It is meanly 
built, for the most part of mud, and many of the houses are 
in ruins. A wall and ditch, with a circumference of about 
4000 paces, surround the town, in which the only public 
buildings are an unsightly mosque and a pretty large and 
well-filled bazaar. About 40 miles W.N. W. of Nishapoor 
there are eight or nine mines of very fine turquoises, from 
which our supply of these stones is chiefly derived ; but 
most of them are very ill worked, and some have been en- 
tirely abandoned ; so that their produce it much less than 
it might be under proper management. The town is said 
to be very ancient, and to have existed in the time of Alex- 
ander the Great, by whom it was destroyed. Under the 
Seljuk dynasty it was one of the four royal cities of Kho- 
rassan. In 1269 it was sacked by the Tartars ; again by 
Jhengiz-khan ; and, in 1749, by Nadir Shah; from which 
last calamity it has never recovered. Pop. estimated at 
8000. 

NISI PRIUS, a legal phrase derived from an ancient 
writ in which the words occur. Previously to the statute 
of Westminster 2, trials by assizes or juries could only take 
place where the king happened to reside, or before the 
justices on their septennial circuit through the English 
counties ; but by 13th Edw. I., cap. 30, the judges were 
directed to hold certain assizes in every county not oftener 
than three times in every year. The statute required that 
the day and place in the county in which a case was to be 
tried should be specified in the writ which assembled the 
jury. , Instead, accordingly, of the old writ, commanding 
the sheriff to bring the jury to Westminster to try the 
cause, a nisi •prim clause was added to the writ as fol- 
lows : — “ We command you, that you cause to come be- 
fore our justices at’ Westminster, on the moA*ow of All 
Souls, twelve lawful men, who, &c., unless before (^Ui 
prim) that day A. and C. D., our justices assigned for 
that purpose, shall come to your county to take the assizes 
there.” The day of summons to Westminster is always 
arranged to be later than the day for taking the county 
assize, and hence the cause is always tried before the date 
at which the sheriff is commanded to return the jury' to 
Westminster. In time, the phrase nisi prim came to be 
applied to a large class of judicial business transacted at the 
several assizes throughout the country before judges of the 
superior courts. Judges of assize are called judges of nisi 
prim; they are said to be sitting at nisi prim, when 
sitting alone to try causes, and the law by which their de- 
cisions are regulated is called the law of nisi prim. 

NISMES, or Nimes Nemamm\ a town of France, 
capital of the department of Gard, stands in a wide 
and fertile plain, between the Rivers Gard on the N., 
and Vistre on the S., 23 miles W.S.W. of Avignon, 30 
N.E. of Montpdllier, and 62 N.W. of Marseilles. The 
older part of the town is surrounded by boulevards, on the 
site of the fortifications by which it was once defended ; and 
contains narrow and irregular streets lined with old and 
ill-built houses. The boulevards form fine broad streets, 
with handsome houses, and are planted with trees ; while 
the outer parts of the town, which comprise about three- 
fourths of its whole extent, have wide and regular strieets, 
and handsome modern edifices. The line of the Roman 
walls of Nismes may still be traced ; and some parts of them, 
and two of the gates, are in good preservation. The 
principal public buildings of the town are those of Roman 
origin. Of these the largest is the amphitheatre, an oval 
structure, which now stands, since the adjoining buildings 
have been cleared away, in the middle of a large open space ; 
it is 437 feet long, 332 broad, and 70 high. The exterior 
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is very well preserved, though the building was used as a Riames. 
fortress in the middle ages. It has two storeys, each 
consisting of sixty arches. Within these arches, on each 
storey, a corridor runs entirely round the building ; that in 
the upper storey being smaller than the lower. Access is 
gained to the interior by four entrances facing the four 
points of the compass ; and from these wedge-shaped 
passages lead to the centre, and stairs to the upper seats. 

On the exterior are also to be observed the holes in which 
the poles were inserted for supporting the awning which 
shaded the spectators from the heat of the sun. The 
interior is not so well preserved ; but some of the ancient 
seats, of which there were thirty-two rows, are still to be 
seen. It is believed that this amphitheatre could contain 
upwards of 17,000 spectators. Parts of the interior have 
been restored, but rather clumsily, by a modern architect ; 
and it is still used by the people of Nismes for bull-baiting 
and other favourite exhibitions. The date of the building 
is unknown. Antoninus Pius, Titus, and Adrian, have 
been each conjectured to have been its founder. Another 
fine building of Roman construction is a Corinthian temple, 
commonly called the Maison Carrie^ which is adorned 
with thirty elegant Corinthian columns. It seems to have 
originally stood in the market-place of Nemausus, which 
was inclosed by a colonnade. It has been employed 
at different times as a heathen temple, a Christian church, 
a town-hall, a stable, a burial-place, a court-house, a corn 
warehouse, and a museum ; in the last of which capacities 
it still remains, and contains some antique remains and 
pictures. A temple of Diana, or, according to some, of the 
Nymphs ; a reservoir, formingthe termination of an aqueduct ; 
and a curious octagonal tower, called La Tourmagne^ whose 
origin is unknown, — are the chief other ancient buildings in 
Nismes. Besides these, the town has a cathedral, built in 
the eleventh century, but considerably altered in subsequent 
times ; several elegant churches ; an episcopal palace and 
seminary; a college, public library, court of justice, barracks, 
hospital, theatre, &c. Nismes is also the seat of an appeal 
court for the departments of Gard, Lozdre, and Vaucluse ; of 
couirts of primary resort and of commerce ; a school of design ; 
agricultural and medical societies, &c. As a manufacturing 
town it holds a high rank ; and in the produce of silk it is 
among the most important places in France. There are 
several large establishments for dyeing and for printing silk 
stuffs ; but the weaving, which employs from 7000 to 8000 
looms in Nismes, is principally carried on by the workmen 
at their own houses, and not in factories. The silks of 
Nismes are generally imitations of those of Lyons, and of 
inferior quality; they are principally used by the lower 
classes. Tanneries, distilleries, vinegar-works, and potteries, 
are among the chief manufactories of the place ; and in ad- 
dition to the articles already mentioned, cotton handker- 
chiefs, hosiery, velvet, chintzes, &c., are extensively pro- 
duced. An active trade is carried on, especially in raw 
silk, for which it is the principal emporium in the south of 
France; and in wine, vinegar, spices,' drugs, &c. The 
importance of Nismes has been recently increased by the 
construction of railways diverging from this town to Mont- 
pellier, Alais, Avignon, Arles, and Marseilles. (Its ancient 
history is given under NEanA^trstis.) After the fall of the 
Roman empire it fell into the hands of the Visigoths, who 
were dispossessed in the beginning of the eighth century 
by the Moors. The latter were expelled from Nismes by 
Charles Martel, on which occasion the amphitheatre was 
partially destroyed by fire, and the town much injured. 

At the Reformation the greater part of the inhabitants 
embraced the Protestant religion, and were in consequence 
subjected to great persecution and cruelty. About one- 
third of the population are still Prote.stants, and these form 
the most wealthy classes in the town. The greatest reli- 
gious animosity is still kept up between the two sects ; and 
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Nissa in 1815 a renewed outburst of intolerance on the part of 
11 the Roman Catholics took place. In more peaceful times 
Niveiies.^ the mutual aversion of the two parties is shown by the way 
in which they keep aloof from one another, even frequenting 
different places of amusement. Nismes was the birth-place 
of Nicot, who introduced tobacco into France ; and of 
Guizot the historian. Pop. (1856) 49,291. 

NISSA, or Nisch, a town of European Turkey, in the 
province of Servia, stands in a fertile and well-cultivated 
plain, between two branches of the Balkan Mountains, 60 
miles S.S. W. of Widdin, and 130 S.E. of Belgrade. It is 
separated into two parts by the River Nissava, an affluent 
of the Morava. The division on the right side, occupied 
by Turks, is surrounded by good fortifications and a dry 
ditch ; while on the other side is a bazaar, defended by a 
trench and palisade ; and beyond this is the unprotected Chris- 
tian quarter. The fortifications are mounted with numerous 
large guns ; and Nissa commands the communication be- 
tween the provinces of Servia, Bulgaria, and Roumelia. 
The principal building is the palace of the pasha. This 
place was anciently called Naissus ; and is remarkable as 
the birth-place of the Emperor Constantine. It was taken 
by Amurath II. in 1389, and again by the Austrians in 
1737. Pop. 10,000. 

NITH, a river of Scotland, rises on the confines of Ayr- 
shire, Kirkcudbrightshire, and Dumfriesshire, flows S.E. 
through Dumfriesshire, and falls into the Solway Firth after 
a course of 45 miles. The principal towns on its banks are 
New Cumnock and Dumfries, the latter about 8 miles from 
its mouth. The Nith has salmon fisheries of considerable 
value. It has been rendered a classic stream by the poetry 
of Burns, who resided for some 'time at the farm of Ellis- 
land, near Dumfries. 

NITHARD, an old French historian, was the son of the 
famous Abbot Angilbert, and of Bertha, the daughter of 
Charlemagne, and was born at some date before 790. 
Succeeding his father as duke or count of the maritime 
coast, he seems to have risen to an influential position at 
court. After the death of his uncle Louis Le Debonnaire 
in 840, his services were employed to effect a reconciliation 
between the three sons of that monarch ; but he was un- 
successful in his negotiations, and it was soon his duty to 
record the war which broke out between the brother princes. 
His death took place in 858 or 859, in consequence of a 
wound which he received in repelling an invasion of the 
Normans. The history of Nithard is inserted in Duchesne’s 
Hisiorice Francorum Scriptores, in 5 vols. foL, Paris, 
1636-41-49. A French translation has recently appeared 
in the Collections des Memoires Relatifs db VHistoire de 
France^ of Guizot. 

NITI, a celebrated pass over the Himalaya Mountains, 
so called from a village of the same name in the vicinity, 
in the British district of Kumaon, in the North-West Pro- 
vinces. The ascent from the southern side is for a great 
part of the way very steep, over rocks of blue limestone ; 
and on the other side it leads to the valley of the Sutlej, 
which is here 14,924 feet above the sea-level. The height 
of the crest of the pass is 16,814 feet above the sea. At 
this great elevation the rarity of the air has been felt by 
travellers to produce the most painhil effects; and even of 
those natives who train themselves for the purpose of cross- 
ing the mountains, some can never bring themselves to 
endure it. The pass remains open from the end of June 
till the middle of October ; and during that time the most 
of the trade between Hindustan and Chinese Tartary is 
carried on. by it; the merchandise being conveyed on the 
backs of yaks, goats, and sheep. 

NIVELLES, a town of Belgium, province of South 
Brabant, stands on the Thienne, 17 miles S. of Brussels. It 
is not very well built, but has two large squares and a fine 
public wftlk. There are 3 churches; one of which, that of St 


Gertrude, is a fine edifice in the Romanesque style, built Nivernaii 
in 1048. It contains two finely carved pulpits, one of wood || 
and the other of marble ; and has two towers, the lower of I^obility. 
which contains a chime of bells, on which the hours are 
struck by a colossal figure called Jean de Nivelles, The 
crypt is considered one of the finest in Belgium, and is 
much resorted to by pilgrims. Nivelles has also a convent, 
a college, normal school, academy of design and architecture, 
hospital, court of primary jurisdiction, &c. Manufactures 
of linen, woollen, and cotton stuffs, hats, lace, paper, oil, 
tobacco, and other articles are carried on here ; and there 
is a considerable trade in corn, cattle, and swine. The 
town owes its origin to an abbey founded in 645 by St 
Gertrude, some cloisters of which still remain. It is said 
to have been much more populous in the sixteenth century. 

Pop. 8499. 

NIVERNAIS, an old province of France, which com- 
prised the present department of Ni^vre and part of that 
of Ciier. 

NTXDORF, a town of Bohemia, in the circle of Leit- 
meriLz. stands near the borders of Saxony, 34 miles N.E. 
of Leitmeritz. Manufactures of linen, hosiery, cutlery, and 
hardware are carried on ; and the latter articles are ex- 
ported to all parts of Germany. In the neighbourhood are 
mineral springs, over which baths have been erected. Pop. 

5090. 

NIZAM’S DOMINIONS. See HYDERABm 


NIZZA MONFERRATO, a town in the kingdom of 
Sardinia, in the division of Alessandria, stands at the con- 
fluence of the Belbo and Nizza, 16 miles S.W. of Alessan- 
dria. It has a silk-mill, and some trade in wine. Pop. 4376. 
NOAH. See Deluge. 


NOBILITY, in the technical acceptation of the word, 
means generally that quality or dignity which raises a man 
above the rank of a commoner. Among the Romans, the 
nobiles or “ known” men, were so called by way of distinc- 
tion from the ignohiles, or vulgar, who were “ not known.” 
Originally the Roman patricians were the nobles, but b.c. 
336 the plebeians obtained the right to rise to high offices 
in the state, and subsequently the descendants of plebeians 
who had filled curule magistracies inherited the jus imagi- 
nurriy or right of holding the images of their ancestors — a 
sort of coat of arms ; and were accordingly ranked with the 
nobiles, and bore the dignity of nobilitas. He that had 
only his own image was a noviLS homo, and he that had 
neither his ancestors’ nor his own was an ignobilis. 

“ The distinction of rank and honours,” says Blackstone, 
“ is necessary in every well-governed state, in order to re- 
ward such as are eminent for their services to the public, 
in a manner the most desirable to individuals, and yet with- 
out burden to the community ; exciting thereby an ambi- 
tious yet laudable ardour, and generous emulation in others. 
And emulation, or virtuous ambition, is a spring of action 
which, however dangerous or invidious in a mere republic 
or under a despotic sway, will certainly be attended with 
good effects under a free monarchy, where, without de- 
stroying its existence, its excesses may be continually re- 
strained by that superior power from which all honour is 
derived. Such a spirit, when nationally diffused, gives life 
and vigour to the community ; it sets all the wheels of 
government in motion, which, under a wise regulator, may 
be directed to any beneficial purpose ; and thereby every 
individual may be made subservient to the public good, 
while he principally means to promote his own particular 
views. A body of nobility is also more peculiarly necessary 
in our mixed and compounded constitution, in order to sup- 
port the rights of both the crown and the people, by form- 
ing a barrier to withstand the encroachments of both. It, 
creates and preserves that gradual scale of dignity which 
proceeds from the peasant to the prince ; rising like a py- 
ramid from a broad foundation, and diminishing to a point 
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Jfpbilitjr. as it rises. It is this ascending and contracting proportion 
that adds stability to any government ; for when the de- 
parture is sudden from one extreme to another, we may 
pronounce that state to be precarious.” 

The origin of nobility is a subject involved in obscurity. 
In the infancy of almost every nation we meet with a here- 
ditary nobility of some sort. It originally had a reference 
doubtless to superior merit ; and in early times is found 
most frequently attaching to the warrior or the priest. An 
interesting passage bearing on the origin of hereditary no- 
bility occurs in the Franca Gallia of Francis Hotman, 
written in 1574. He says, “We must not omit making 
mention of the cunning device made use of by Hugh Capet 
for establishing himself in his new dominions (as king of 
France a.d. 987). For whereas all the magistracies and 
honours of the kingdom, such as dukedoms, earldoms, &c., 
had been hitherto, from ancient times, conferred upon select 
and deserving persons in the general conventions of the 
people, and were held only during good behaviour, whereof 
(as law'yers express it) they were but beneficiaries, Hugh 
Capet, in order to secure to himself the affections of the 
great men, was the first that made those honours perpetual, 
which were formerly but temporary, and ordained that such 
as obtained them should have an hereditary right in them, 
and might leave them to their children. Of this see Fran- 
ciscus Conanus the civilian, Comment, i., ch. 9.” (Burke’s 
Peerage). 

Sir James Lawrence, who, in his Nohility of the British 
maintains that gentility is superior to nobility {fit no- 
bilis^nasciturgenerosus\ holds that a coat of arms is the crite- 
rion of nobility. (See Heraldhy.) He says (p. 3), “ Any 
individual who distinguishes himself may be said to ennoble 
himself. A prince, judging an individual worthy of notice, 
gave him letters patent of nobility. In these letters were bla- 
zoned the arms that were to distinguish the shield. By this 
shield he was to be known, or nobilis. A plebeian had no bla- 
zonry on his shield, because he was ignobiliSy or unworthy 
of notice. In an age when a warrior was cased in armour 
from head to foot, he could only be known by his shield. 
The plebeian who had no pretensions to be known was 
clypeo tgnobilis albb. Hence arms are the criterion of no- 
bility. Every nobleman must have a shield of arms. Who- 
ever has a shield of arms is a nobleman. In every country 
in Europe, without exception, a grant of arms or letters of 
nobility is conferred on all the descendants. In the north- 
ern countries — Germany, Hungary, Russia, Sweden, Den- 
mark — the titles also of baron or count descend to all the 
male posterity, and to all the unmarried females of the 
family ; but in the southern countries — France, Spain, Por- 
tugal, and Great Britain — the titles of duke, marquess, count, 
viscount, or baron, descend only according to the rules of 
primogeniture.” 

In Great Britain nobility extends to the five ranks of 
duke, marquess, earl, viscount, and baron. (See under 
each.) The right of peerage seems to have been originally 
territorial ; that is, annexed to lands, honours, castles, ma- 
nors, and the like, the proprietors and possessors of which 
were, in right of those estates, allowed to be peers of the realm, 
and were summoned to Parliament to do suit and service to 
their sovereign ; and, w’hen the land was alienated, the 
dignity passed along with it as an appendage. Thus in 
England the bishops still sit in the House of Lords, in 
right of succession to certain ancient baronies annexed, or 
supposed to be annexed, to their episcopal lands; and thus 
(11 Henry VI.) the possession of the castle of Arundel was 
adjudged to confer an earldom on its possessor. But after- 
wards, when alienations became frequent, the dignity of the 
peerage was confined to the lineage of the party ennobled, 
and, instead of territorial, became personal. Actual proof 
of a tenure by barony became no longer necessary to con- 
stitute a lord of parliament ; but the record of the writ of 
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summons to him or his ancestors was admitted as a suffi- Mobility, 
cient evidence of tlie tenure. Peers of Great Britain are 
now created either by writ or by patent ; for those who 
claim by prescription must suppose either a writ or patent 
to have been issued or granted to their ancestors, though 
by length of time it has been lost. The first of these sum- 
monses on record was made in the forty-ninth year of 
Henry III. ; and the first instance of barons made by 
letters patent dates from the reign of Richard II. The 
creation by writ or the king’s letter is a summons to attend 
the House of Peers, by the style and title of that barony 
which the king is pleased to confer : that by patent is a 
royal grant to a subject of any dignity and degree of peer- 
age. The creation by writ is the more ancient way ; but 
a man is not ennobled thereby unless he actually take his 
seat in the House of Lords ; and some are of opinion that 
there must be at least two writs of summons, and a sitting 
in two distinct Parliaments, to establish a hereditary barony ; 
and therefore the most usual, because the surest way is to 
grant the dignity by patent, which endures to a man and 
his heirs according to the limitation thereof, although he 
himself should never make use of it. Yet it is customary to 
call up the eldest son of a peer to the House of Lords by 
writ of summons, in the name of his father’s barony, be- 
cause in that case there is no danger of his children losing 
the nobility in the event of his never taking his seat, seeing 
they will succeed to their grandfather. Creation by writ 
has also one advantage over that by patent. A person 
created'by writ holds the dignity to himself and his heirs, 
without any words to that purport in the writ ; but in letters 
patent there must be words to direct the inheritance, other- 
wise the dignity endures only to the grantee for life. 

The nobility of England are, as elsewhere, a privileged 
order. In criminal cases a nobleman must be tried by his 
peers— a privilege, indeed, secured to all by Magna Charta 
(c'. 29). It is said that the privileges of nobility do not ex- 
tend to bishops, who, though they are lords of Parliament, and 
sit there by virtue of the baronies which they hold jure eccle- 
sicBy yet are not ennobled in blood, and consequently not 
peers with the nobility. As to peeresses, no provision was 
made for their trial when accused of treason or felony till after 
Eleanor, Duchess of Gloucester, wife to the Lord Protector, 
had been accused of treason, and found guilty of witchcraft, 
in an ecclesiastical synod, through the intrigues of Cardinal 
Beaufort. This very extraordinary trial gave occasion to 
a special statute .(20 Hen. II., c. 9) which enacted that 
peeresses, either in their own right or by marriage, should 
be tried before the same judicators as peers of the realm. 

If a woman, noble in her own right, marries a commoner, 
she still remains noble, and must be tried by her peers ; 
but if she *be only noble by marriage, then by a second 
marriage with a commoner she loses her dignity ; for as by 
marriage it is gained, so by marriage it is also lost. Yet if 
a duchess-dowager marries a baron, she continues a duchess 
still ; for all the nobility are pares, and therefore it is no 
degradation. A peer, or peeress, either in her own right 
or by marriage, cannot be arrested in civil cases ; and they 
have likewise many peculiar privileges annexed to their 
peerage in the course of judicial proceedings. A peer sit- 
ting in judgment gives not his verdict upon oath, like an 
ordinary juryman, but upon his honour ; he answers also to 
bills in chancery upon his honour, and not upon his oath ; 
but when he is examined as a witness either in civil or cri- 
minal cases, he must be sworn ; for the respect which the 
law shows to the honour of a peer does not extend so far 
as to overturn a settled maxim, that injudicio non creditur 
nisi juratis. The honour of peers is, however, so highly 
tendered by the law, that it is much more penal to spread 
false reports concerning them, and certain other great officers 
of the realm, than concerning other men ; scandal against 
them being called by the peculiar name of scandalum mag- 
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Nocera dei nctuTTi^ and subjected to peculiar punishment by different 
Pagani ancient statutes. In point of fact, however, their immuni- 
. ties have relation more to dignity than power. In their 
legislative capacity, the peers of England form an estate of 
^ realm intermediate between the crown and the com- 

mons. In their judicial capacity they constitute the su- 
preme court of justice, from whose judgment there is no 
further appeal. While bearing the minor crown, they 
wield no minor sceptre of personal power. They possess 
no regal jurisdiction, nor any sovereign seigniory. No peer 
can invade with impunity the rights of a commoner, nor 
exercise any peculiar authority not open also to the com- 
moner. A patent of English nobility, however, confers 
not only a title, but also a certain amount of political power 
and privilege. Yet there may be nobility without political 
privileges, as in the case of Scotch and Irish peers, who are 
not peers of the realm. There are also members of the 
House of Lords who are not peers of the realm, as in the 
case of the representative peers of Ireland and Scotland, 
and the bishops and archbishops of England and Ireland. 
The peerages of Great Britain and Ireland enjoy the same 
privileges in all other respects, however, except those de- 
pending upon sitting in the House of Lords (39 and 40 
Geo. III. cap. 67). Peers of the realm are entitled to sit 
there either by hereditary claim, or from being elected by 
their own peers ; whereas the rest of the nobility in the 
House of Lords are nominated by the crown to places which 
entitle them to a seat for life, or for certain fixed periods. 
New additions are constantly being made to the English 
peerage. The persons selected for this honour are drawn 
chiefly from the following classes : — Peers of Scotland and 
Ireland; members of families already among the nobility ; 
distinguished lawyers, and naval and military commanders ; 
persons eminent in political life; persons of extensive 
landed property, and some who have acquired great wealth 
and attained to social importance in commerce. Hitherto 
distinction in science and literature has been rewarded by no 
higher dignity in England than that of a baronet, which does 
not confer nobility ; but this custom was broken through in 
1857, in the case of Lord Macaulay, who was'elevated to the 
rank of nobility as a reward for distinguished literary merit. 

A peer cannot lose his nobility except by death or 
attainder, although there was an instance, in the reign 
of Edward IV., of the degrada,tion of George Neville, 
Duke of Bedford, by act of Parliament, on account of his 
poverty, which rendered him unable to support his dignity. 
But this is a singular instance ; and while it serves to show 
the power of Parliament, proves how tender that august 
assembly has always been in exerting so high a function. 

In France the titles and armorial bearings of the nobi- 
lity were abolished by order of the National Assembly, 
June 18, 1790, and the records of the French nobility, in 
600 vols., were burnt two years afterwards. Napoleon 
created a new nobility in 1808, but the hereditary peerage 
was abolished in 1831. 

NO CERA DEI PAGANI, a town of Naples, province 
of Principato Citra, at the foot of a hill occupied by the 
ancient citadel, in the middle of a series of isolated heights, 
21 miles E.S.E. of Naples. It consists of straggling groups 
of houses, with gardens and trees between ; and has seve- 
ral churches, a convent, a clerical seminary and other schools, 
and good cavalry barracks. Manufactures of linen and other 
stuffs are carried on. Nocera occupies the site of the ancient 
Nuceria, which was destroyed by Hannibal in his invasion of 
Italy. It is supposed to have received its modern epithet 
from a colony of 20,000 Saracens, who were settled here in 
the 13th century by the Emperor Frederick II., in opposi- 
tion to the court of Rome and the Guelph faction. Pop. 6800. 

NO Cl, a town of Naples, province of Bari, 28 miles 
S.E. of the town of that name. It has a large hospital ; and 
some trade in com, wine, oil, and silk. Pop. 8000. 


NOG 

NODES, the two points where the orbit of a planet ot ITodes" 
comet intersects the ecliptic, or where the orbit of a satel- || "■ 
lite intersects the orbit of its primary. (See Astkonomt.) l^^ogent-le 

NODIER, Chaeles, a distinguished French litte- ^ ^otrou. 
rateur, was born at Besanpon, April 29, 1780. From his 
father, who was mayor of his native town during the first 
years of the Revolution, he received an excellent classical 
training. While still a mere lad, he gave earnest of his 
future literary eminence by composing dramas and lyrics 
on classical themes, which were much admired by com- 
petent judges in the circle of his friends. Encouraged by 
their praises, he began to point his thoughts and studies to 
a definite aim, and in 1798 published his Dictionnaire de$ 
OnomatopeeSn This work, which displayed research and 
critical power remarkable in so young a man, was, by the 
advice of Fourcroy, adopted as a text-book in all the 
government lyc6es and public schools throughout France. 

At this period of his life Nodier devoted much of his time 
to the study of natural history. He only published two 
works bearing directly on that science ; one, an Essay on 
the Organs of Hearing in Insects ; the other, his Biblio- 
theque Entomologique ; but nearly all his more mature 
t^orks give evidence of great taste and knowledge in these 
branches of inquiry. His next work of importance was his 
Napoleone^ published in 1800. It was written in defence 
of freedom, at that time rapidly dying out in France under 
the military despotism of Bonaparte. Many of the views 
and expressions were extremely distasteful to the First 
Consul, who, after keeping the poet in confinement for 
some months, banished him to his native town, and there 
put him under police surveillance. Nodier’s studies now 
took a philological turn, and his Examen Critique des 
JDictionnaires de la Langue Frangaise was a valuable con- 
tribution to a science at that time much neglected in France. 

For several years after this date, he led an unsettled and 
wandering life, till he found a resting-place at Dole. He 
there began a course of lectures on literary subjects ; gained 
great popularity as a lecturer and critic ; and married Ma- 
demoiselle Charves, a young lady of great beauty and accom- 
plishments. For some years after his marriage Nodier 
continued to reside at Quintigny, near the Jura, till the 
necessities of his family, and the prospects of abundant 
literary employment, drove him to settle in Paris. For 
some years he contributed regularly to the Journal des 
DibatSy and after the restoration of the Bourbons, became 
editor of the Quotidienne. In 1818 he published Jean 
Sbogar; in the following year his beautiful romance of 
Therhe Hubert; in 1820 AdUe ; in 1821 Smarra; 
and in 1822 Trilby, These works served to establish 
NodiePs fame, and soon after the appearance of the last 
mentioned of them he was appointed to the honourable 
position of librarian to the Arsenal. The duties of this 
ofiice were severe, and the heavy exactions on his time 
by society left him comparatively little time for writing. 

Some of his best works, however, such as his Dernier Ban- 
quet des Girondins, his Fantaisies du Docteur Neophohus^ 
and his Franciscus Columna^ date after his appointment 
to the librarianship. He died on the 27th of January 1844, 
almost exactly ten years after his election as a member of 
the French Academy, Nodier was one of the most amiable, 
pure, and interesting among the French litterateurs of his 
day. It may be doubted if even his best works are of a 
texture to resist the tear and wear of all time. He wrote 
too much, and too variously, to insure himself a place in 
the front ranks of French genius ; but it is hardly possible 
to deny that, had he concentrated instead of diffusing his 
powers, and written for the future rather than for the pass- 
ing hour, his chances of immortality might have become 
certainties. An interesting Life of Nodier, by his friend 
Franpois Wey, was published at Paris in 1845. 
NOGENT-LE-ROTROU, a town of France, depart- 
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Noirmou- ment of Eure-et-Loire, at the foot of a steep hill in a 
tiers beautiful valley on the left bank of the Huisne, 33 miles 
II W.S.W. of Chartres. On the hill are the ruins of an old 

yol e ^s. which was once the residence of the celebrated 

Sully. In the town are three churches, one of which is as 
old as the eleventh century, three hospitals, a chamber of 
manufactures, a college, and a court of the iSirst resort. 
There are also dye-houses and fulling-mills, as well as 
manufactories of leather, serge, cotton yarn, sieves, &c. 
An active trade is carried on in linen, hemp, clover-seed, 
hay, cattle, and other articles. Pop. (1856) 6542. 

NOIRMOUTIERS, an island of France, off the coast 
of the department of Vendee, separated from the mainland 
by a channel about one mile in breadth, which is nearly 
dry at low-water. Its length is about ten miles, greatest 
breadth three; area about seventy square miles, of which 
only about one-fifth :is cultivated. This part is very fer- 
tile; and the rest of the surface is occupied chiefly by 
pasture ground and salt marshes. The island lies gene- 
rally somewhat below the level of the sea, and is protected 
from inundation by embankments. The principal produc- 
tions are salt, corn, beans, and some wine. On the east 
coast stands a town of the same name, which is well built, 
and has an old castle and a harbour. Pop. 7011. 

NOLA, a town of Naples, in the province of Terra di 
Lavoro, stands on the plain between Mount Vesuvius and 
the Apennines, fourteen miles E.N.E. of Naples. It is ill 
built and dirty ; contains several churches and convents, a 
college, hospital, and barracks ; and is the see of a bishop. 
The town is of great antiquity, and is remarkable in Roman 
history for the resistance it offered to Hannibal in b.c. 216, 
who received his first check from Marcellus under the walls 
of this town. Nola is also remarkable as the place where 
Augustus died, a.d. 14; and in the fifth century it was the see 
of St Paulinus, by whom church bells were introduced. Many 
remains of antiquity have been found at Nola. Pop. 9600. 

NOLLE PROSEQUI, a phrase used in judicial pro- 
ceedings, w'here a plaintiff in an action does not declare in 
a reasonable time, in which case it is usual for the defen- 
dant’s attorney to enter a rule for the plaintiff to declare, 
after which a non prosequitur may be entered. A nolle 
prosequi is esteemed a voluntary confession that the plain- 
tiff has no cause of action ; and therefore if a plaintiff enters 
his nolle prosequi^ he may be amerced ; but if an informer 
cause the same to be entered, the defendant may have 
costs. The phrase is derived from the words used in the 
formal entry of the withdrawal, in which the party agrees 
that he will not farther prosecute ulterius nolle prosequi), 

NOLLEKENS, Joseph, a distinguished English 
sculptor, was born in London on tlie 11th of August 1737. 
His father, a native of Antwerp, was a painter by profes- 
sion, and is mentioned by Horace Walpole, under the name 
of Old Nollekens,” as an artist of some repute. He died 
whilst Joseph was still very young; and his widow having 
married again soon after his decease, the education of the 
youthful sculptor was much neglected. In his thirteenth 
year we find him in the studio of Scheemakers, where he 
exhibited his passion for his art by drawing and modelling 
early and late with the utmost assiduity. As his powers 
expanded, he became repeatedly a successful candidate for 
the prizes offered to rising genius by the Society of Arts. 
In his twenty-third year we find him in Rome, friendless, 
and nearly reduced to want, but enthusiastically pursuing 
his vocation. He modelled and carved in stone a bas-relief, 
which brought him ten guineas in England ; and in the 
following year his group of “ Timoclea before Alexander,” 
in marble, was honoured by the Society of Arts with a 
premium of fifty guineas. This success placed him above 
absolute dependence; and he was now noticed by the 
artists in Rome, particularly Barry, and also by some Eng- 
lish visitors, amongst whom were Garrick and Sterne. The 
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great English actor recognising him one day in the Vatican, Kollekens. 
invited him to breakfast next morning, and ended by sitting 
to him for his bust, for the model of which Garrick paid 
twelve guineas to the artist. Sterne likewise sat to him at 
Rome ; and the bust of the wit, which is in terra-cotta, is 
considered an admirable likeness. To the last hour of 
his life Nollekens alluded to it with pleasure. “ Dance,” 
he used to say, “ made my picture with my hand leaning 
on Sterne’s head; he was right.” He was liberally pa- 
tronized by his countrymen who annually migrated to the 
capital of Italy, and for whom he executed many consider- 
able works in marble, of which “ Mercury and Venus chid- 
ing Cupid” are considered as the best. For all his produc- 
tions he received immediate and liberal payment. Early 
misfortunes had made Nollekens acquainted with privation. 

Being an economist from necessity, he became frugal from 
habit ; and this continued to influence his conduct when 
the necessity for parsimony no longer existed. He lived 
at Rome in a very humble manner, and, after ten years of 
profitable study, he returned to London comparatively rich. 

Nollekens was now prepared to commence business upon 
his own account, and accordingly he took a lease of exten- 
sive premises in Mortimer Street. The busts of Sterne 
and Garrick had spread his fame in his native country, and 
he no sooner opened his doors than orders came in in abun- 
dance. In 1771 he was admitted an associate of the Royal 
Academy, and in the following year was elected a member, 
much to the satisfaction of George III., who soon after- 
wards honoured the artist by sitting for his bust. Nolle- 
kens about this time married a lady who was the friend of 
Samuel Johnson, and, if report may in aught be credited, 
the great critic was not insensible to her charms. Nolle- 
kens was fully aware that his strength lay in busts ; and as 
this line of art was an exceedingly profitable one, it may 
readily be supposed that his time and talents were prin- 
cipally devoted to it. Amongst his sitters were the great, 
the beautiful, and the titled of the land ; and his profits 
were commensurate with the condition of his employers. 

He also found leisure to work out, slowly and with much 
care, marble groups and statues, amongst which may be 
mentioned those of ‘^Bacchus,” ‘‘Venus taking off her 
sandal,” “ Hope leaning on an urn,” “ Juno,” “ Psetus and 
Anda,” and “ Cupid and Psyche.” His portraits were ex- 
cellent, and there was generally a gentleness in the expres- 
sion, and a gracefulness in the handling, which never failed 
to please. The likenesses of his busts were acknowledged 
by all, and the prettiness of the statues could not fail to be 
as generally admitted. But original vigour was wanting. 

He was one in whom the merely imitative faculty greatly 
surpassed the imaginative. The want of imagination Nol- 
lekens partially supplied, however, by a diligent study of 
the antique ; and hence, whilst every statue surpassed its 
predecessor in delicacy of workmanship, the artist only 
attained eminence by incessant labour. During a period 
of ten years, from 1776 to 1786, he exhibited sixteen busts, 
five statues, and four groups, some of which were not in 
marble. The statues were those of “Juno,” “Diana,” 

“Adonis,” “ Cupid,” and “Mercury,” in which he followed 
thebeaten track, without attempting anything new. Amongst 
his monumental effigies may be mentioned that which com- 
memorated the three commanders who fell in Rodney’s 
great battle of die 12 th April 1 782. From his “ Venus,” and 
other statues of that description, we pass on to those pro- 
ductions which were more suitable to the genius of the 
artist. The ten years which followed 1800 were the busiest 
in the life of Nollekens; for although he was between sixty 
and seventy years of age, he continued to work with the 
same diligence and skill as in his youth. Upwards of fifty 
busts proceeded from his chisel, besides nearly a score of 
groups and statues. Amongst the former were the far- 
famed heads of Pitt and Fox, those of the Prince of Wales, 
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Ifomtre- after u'^ards George IV., Dr Burney, the Marquis of Staf- 
de-Dios the Duke of Bedford, and others. Of the twenty 

^ ![ statues and groups, the statue of Pitt for Cambridge at- 

is°traml tracted most attention at the time. The Venus anointing 
T^palists. herself,” however, was the favourite work of Nollekens, 
tliough it is deficient both in originality and in propriety of 
action. The workmanship of the statue, however, is very 
fine. From 1810 till 1816, the last year of his exertions, 
he modelled some thirty busts, not a few of which are 
ranked amongst the most valuable of his works. The 
principal heads are those of the Duke of York; Lords 
Castlereagh, Aberdeen, Erskine, Egremont, Liverpool; 
Canning, Perceval, Benjamin West, and Thomas Coutts 
the banker. Nollekens died on the 23d of April 1823, 
leaving a fortune of some two hundred thousand pounds. 
(Cunningham's Lives of British Painters^ Sculpteyrs^ and 
Architects, vo\, m,) (j. F. S.) 

NOMBRE-DE-DIOS, a town of Mexico, department 
of Durango, and 45 miles S.S.E. of the towm of that name. 
In the vicinity there are rich silver mines ; but the princi- 
pal resources of the place are derived from tlie sale of a 
liquor called mescal, distilled from the aloe. Pop. 7000. 

NOMINALISTS and REALISTS, two opposing sects 
among the scholastic philosophers, celebrated for the bitter 
and even bloody hostility with which they maintained their 
disputes. The contest turned upon the nature of general 
terms, or universals, . While both parties agreed that the 
object of the science of logic was universals, they differed 
upon the grand question as to whether these universals 
were real things or mere names. One party espoused the 
latter opinion, and went by the name of Nominalists; 
the other adopted the former view, and received the name 
of Realists. The Nominalist cited Aristotle in behalf of 
his position ; the Realist adduced Plato in favour of his. It 
becomes therefore necessary, in order to get to the root 
of this famous controversy, to advert to the doctrines of 
those ancient masters respecting common notions or ideas. 
According to the opinion of Plato, common terms, as re- 
presentative of the actual and eternal ideas of the Divine 
mind, according to which all particular existences are 
formed, have a real, permanent existence. The partial 
exponents of these ideas, as manifested in individuals, he 
held to bo unreal and illusory ; and that the only proper 
realities were those general notions or ideas denoted by 
the term universals. Words, according to Plato, are the 
means whereby we ascend to a clear and vital perception 
of things, and behind every common terra there lurks an 
unquestionable reality. To seize upon this reality is ac- 
cordingly the business of his dialectics. With Aristotle, 
again, whose philosophy was fundamentally distinct from 
his master’s, the business of dialectics is to treat of the 
manner in which our minds discourse of things : words, 
according to him, are the representatives of our thoughts; 
and class words set forth in speech our notions or general- 
ized conceptions of individuals. He therefore denied the 
eternal existence of Plato’s ideas, but admitted with him 
the existence of those ideas in every individual of the 
species of which they formed the proper essence. As the 
phrases went among the schoolmen, Aristotle maintained 
universalia in re ; Plato, universalia ante rem ; the No- 
minalists, universalia post rem.. Logic, with Aristotle, was 
the science of names and notions ; with Plato it was more 
the science of names and realities. WitK Aristotle logic 
was an end in itself— -it was the science of the laws of 
discursive thinking : with Plato it was simply a means 
whereby the eternal and only realities which lay concealed 
behind universals were to be laid hold of. It is curious, 
however, that “ different philosophers,” according to Sir Y\?’. 

’ Hamilton, ‘‘ have maintained that Aristotle was a Realist, 
a Conceptualist, and a Nominalist in the strictest sense.” 
.(Hamilton’s Edition of Reid’s Works, p. 405, note.) 
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At a very early period in the history of the church the KominaK 
platonic ideas of being and unity had become inseparably ists and 
connected with the mysteries of the Christian religion. Realists. 
The science of logic, as taught in the Organum of the 
Stagyrite, who was, indeed, the true founder of the science, 
was expounded by the doctors of the schools according to 
the principles of Plato, which had no proper connection 
with it. This practice continued until the times of St 
Anselm, about the end of the eleventh century, when a 
disputed passage in Porphyry’s Introduction to the Organum 
of Aristotle, respecting the disagreement of the Platonists 
and Peripatetics on the nature of genera, brought matters 
to a crisis. Roscelinus, or Roscelin, a canon of Compeigne, 
maintained that the notions of universals, of genera, and 
•species were possessed of no reality, — were nothing but 
mere words {flatus vocis) employed to designate qualities 
common to different individuals. By this man, and in this 
manner, was Nominalism founded. Although apparently 
a trifling dispute in itself, the theory of ideas was neverthe- 
less a fundamental one in the scheme of human knowledge. 

The controversy thus excited by the canon of Compeigne 
had accordingly an extensive bearing. If every genus is 
only a mere word, it follows that individuals are the only 
realities, and that the senses are at bottom the only sources 
of knowledge. And not only so, but on this theory no 
absolute affirmation respecting truth is possible, for such 
an affirmation involves of necessity a general idea, which, 
ex hypothesi, is destitute of real validity. Hence we have 
scepticism at the next remove. Among churchmen, of 
course, all such disputes partook more or less of a theolo- 
gical character. The Nominalist doctrine, by denying a 
real validity to abstract ideas, was charged with necessitat- 
ing the denial of the realities of unities, and, in particular, 
of the great unity which forms the basis of the Holy 
Trinity. If the Trinity represented only a nominal unity, 
then it was pretty obvious that Roscelinus, the Nominal- 
ist, was a very dangerous person indeed. The poor ca- 
non had therefore to retract, on pain of death, at the 
Council of Soissons in 1092. St Anselm was the first 
to attack the position of Roscelinus, in a work on the Unity 
of the Trinity, but with a degree of temperance all his own, 
and with a realistic creed different from that of the Realists 
of the schools. Seeing that Nominalism and heresy had 
now become synonymous, it behoved philosophic church- 
men to crush the error. William of Champeaux, in order 
to do the work effectually, rushed straight to the opposite 
extreme, and, as the founder of scholastic Realism, main- 
tained that universals, so far from possessing t merely no- 
minal existence, were in point of fact the only real entities. 

Genera, according to him, individualize themselves in par- 
ticular beings in such a manner that individuals differ only 
by the variety of their accidents, but are identical as to 
their essence or real nature. A few steps further and we have 
pantheisni. Such, then, were the alternatives to which the 
speculations of Roscelinus and William of Champeaux re- 
duced the thinkers of that time. Nominalism and scepti- 
cism, Realism and pantheism — such was the dilemma. Abe- 
lard, the illustrious pupil of the founder of Realism, like a 
vise man, chose a middle course in preference to the horn 
of either extreme. He ascribed a reality both to indivi- 
duals and universals, but a reality differing in the case of 
each. Individuals had, he maintained, an essential exist- 
ence, and universals an existence ideally real. Genera 
were abstracted from particulars, and existed in the mind 
in the form of notions, or (as we call them now) concepts^ 
and were held together and expressed bywords os^e^general 
terms. Hence the theory termed Conceptualism, or con- 
ceptual Nominalism, which was really the one main- 
tained by all succeeding Nominalists, and is the doctrine 
of ideas generally believed in at the present day. Abelard 
displeased his proud master, William, by this middle 
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Koms 2 . course, and, as so often happens, gave satisfaction to no 
one. Realism accordingly triumphed in silence during the 
second stage of middle-age scholasticism. (See Cousin’s 
' Introduction to the unpublished works of Abelard, and his 
Fragments de Phil, ScholasL) Nominalism had well-nigh 
died out, when William of Occam or Ockham, an English 
Franciscan, and pupil of Duns Scotus, came forward in the 
fourteenth century to revive its decadent glory. This 
“ invincible doctor” attacked the Realists with great spirit, 
and raised the doctrines of the Nominalists into greater 
repute than they had ever before enjoyed. Nominalism, 
however, was no longer upheld by Occam and his followers 
in its absolute form : Conceptualism is the appropriate de- 
.signation for their theory. The contest between the op- 
posing parties was now conducted with a virulence and 
ferocity altogether unworthy of philosophers. The strife 
raged in the schools of Britain, France, and Germany witli 
tlie greatest fliry. Wlien words would not carry convic- 
tion, the passionate doctors had recourse to blows : when 
argument and patience were alike exhausted, the invin- 
cible combatants drew upon one another, and ended the 
quarrel in blood. The doctor invincibilis himself, after 
espousing the cause of Philippe le Bel, King of France, 
and of Louis of Bavaria, against the Popes Boniface VIII. 
and John XXII., died at Munich, “persecuted but not 
subduod,” about the middle of the fourteenth century. 
Realism, as then identified with the cause of the Pope and 
the church, continued to prosper in Italy under the patron- 
age of the Roman See ; while Nominalism, which, from the 
influence of its most stanch supporter, had become identi- 
fied with the political movement then agitated against the 
church, was generally received throughout the greater part 
of the European continent. But the time came when not 
only the University, but the King, of France issued edicts 
of extermination against the Nominalists. . Their writings 
were ordered by Louis XL, in 1473, to be seized and 
bound in the libraries in iron chains ; but after some time 
the edict was mitigated, the exiled sect was permitted to 
return, artd Nominalism gained the ascendancy in France 
as in Germany, The fruitless and fatal consequences of 
these wranglings gradually became apparent. • Scholasti- 
cism, with its endless sub til ties and perverse ingenuities, be- 
came suspected, and a disposition towards mysticism gra- 
dually made its appearance among thinking men. (See 
Mysticism.) The revival of letters, and the advent of the 
Reformation, eventually put an end to the fiercest contro- 
versy known in the annals of philosophical speculation. 
Among the most celebrated Nominalists not already men- 
tioned, were, — Durand of Saint Pourcain, John Buridan, 
Robert Holcot, Gregory of Rimini, and Henry of Hesse, in 
the fourteenth century ; and Matthew of Crochove, Peter 
D’Ailly, Gabriel Biel, and Raymond of Sebonde, in the fif- 
teenth. Among the Realists not already cited may be men- 
tioned Henry of Gand, Walter Burleigh, Thomas of Stras- 
burg, Marsile of Inghen, and Thomas of Bradwardine, — ^all 
in the fourteenth century. In addition to the ordinary his- 
tories of philosophy, the reader may consult with profit 
Ueher Nominalismus u, Realismus^ von Erner, 1842 ; also 
the Diciionnaire des Sciences Philosophiques, ( j. n — s.) 

NOMSZ, Jan, a voluminous Dutch author, was born at 
Amsterdam in 1738, and renounced commerce to devote 
himself to literature. An epic poem, entitled William 
the Founder of the Freedoyn of the Netherlands^ brought 
him into notice in 1779. Stimulated by his success, his ac- 
tive brain continued to produce numerous works on differ- 
ent subjects. He wrote satires, poetical epistles, historical 
sketches, newspaper articles, and translations from the 
French. He also composed or translated more than forty 
plays, which acquired great popularity on the stage of his 
native city. Yet all these successful efforts did not prevent 
him from falling into misfortune, losing his self-respect, and 


bringing his life to a calamitous close. He died in an hos- Nonagesi- 
pitalinl803. laal 

NONAGESIMAL, or Nonagesimal Degree, is the I! 
highest point, or ninetieth degree of the ecliptic, reckoned 
from its intersection with the horizon at any time ; and its 
altitude is equal to the angle which the ecliptic makes with 
the horizon at their intersection, or equal to the distance of 
the zenith from the pole of the ecliptic. It is much used 
in the calculation of the parallaxes of the moon. (See 
Astronoimy.) 

NONAGON, a nine-sided polygon, (See Geometry.) 

NONCONFORMISTS, the name by which Protestant 
dissenters from the Church of England are generally known. 

Their existence dates almost as far back as that church 
itself. The attempt made by Henry VIII. to constitute an 
Anglican church differing from the Roman Catholic church 
only on the point of supremacy, succeeded as long as his 
own energy and boldness remained to support it. A sys- 
tem which had burnt Reformers as heretics, and hung 
Papists as traitors, was not likely to find much favour in a 
country where the popular zeal ran high in favour either of 
the old opinions or the new. Henry’s system accordingly 
died with its founder ; and it was reserved for the pious and 
courtly Cranmer to have the honour of laying the first stone 
of the proud edifice of the Church of England. The 
government and the Protestants required the mutual sup- 
port of each other ; and in order to a union, concessions 
were made on both sides. They took a middle course be- 
tween Rome and Geneva, and laid the foundation of the 
Church of England. Her principles of theology were 
mainly Protestant ; her prayers and thanksgivings savoured 
of the ancient breviaries ; her government was episcopal ; 
and the king was het head. Despite the ingenuity and 
good design of this compromise, it is obvious that it was 
calculated to give scandal not only to zealous Catholics by 
going too far, but also to zealous Protestants by not going far 
enough. It was from the latter class, accordingly, that the 
Nonconformists and Puritans of England afterwards sprung, 
who were ultimately destined to exert a powerful influence 
over the political as well as the religious institutions of the 
kingdom. If in the days of Edward VI. the discontent of 
this party caused the government not a little annoyance, 
the fiery trials through which they had to pass during the 
succeeding reign were not calculated to allay their scruples. 

The cruelties of Mary drove immense numbers of Protes- 
tants to the Continent for safety, and the majority of them 
found an asylum in Switzerland and Germany. A portion 
of them settled at Frankfort, and resolved, after some deli- 
beration, to adopt the Genevan service-book in preference 
to that of King Edward. Not a few of the exiles in Stras- 
burg and elsewhere opposed this step ; and Frankfort be- 
came the theatre of a contest between the rival systems of 
Episcopacy and Presbytery. John Knox, who had minis- 
tered for a time to the exiles at Frankfort, was forced to flee 
from the scene of strife, and Episcopacy triumphed. From 
this dispute dates the existence of the Puritans ov Noncon- 
formists ; both epithets having originated in the attitude 
assumed by the opponents of the Church of England. 

. When Elizabeth came to the throne the exiles returned 
, to England, and brought their ecclesiastical disputes along 
with them. The battle now began in real earnest on Eng- 
lish soil, but no concession could be obtained from Eliza- 
beth. She endeavoured, on the contrary, by the most vi- 
gorous policy to check the progress of this numerous, ac- 
tive, earnest-minded party. She occasionally even sent the 
more stubborn of them to prison ; but so strongly were 
they attached to her as the mainstay of the Reformed 
churches, that they did not cease to pray, from the gloom of 
the dungeon, for the safety of her person and the victory of 
her arms. “ The Nonconformists,” says Lord Macaulay, 
rigorously as she treated them, have, as a body, always 
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ISToncon- venerated her memory.” (JSistory of England^ vol. i.) 
formists. The acts passed during Elizabeth's reign for the suppres- 
sion of Nonconformity were both numerous and severe. By 
the Act of Uniformity (1 Eliz., c. 2), rigorous penalties 
were enacted against all who should perform divine wor- 
ship after any other mode than that prescribed in the Book 
of Common Prayer. From 1558 to 1565 this law was 
only partially observed, but from the latter year it began to 
be applied in all its force. Many of the Nonconformists 
lost their preferments, for they had not as yet judged it ad- 
visable to separate themselves from the church. By the 
act 23 Eliz., cap. i., sec. 5, the Puritans were subjected to 
heavy fines as often as they indulged their antipathy to the 
Established Church by absenting themselves from its worship. 
The rigour of these fines was even increased by the statute 
of 29 Eliz., cap. 6, secs. 4, 6; and by an act of 3 Jac. I., 
cap. 4, sec. 11, this obnoxious enactment was rendered 
still more tyrannical and severe. The last statute of Eliza- 
beth’s reign which weighed heavily on Nonconformity in 
England was 35 Eliz., cap. 1. It converted fines into impri- 
sonment, and even perpetual exile from the kingdom, as the 
penalty of non-attendance at the Established Church, or of 
the countenancing of conventicles. It should be noted, 
however, that while those provisions severely affected the 
Protestant Nonconformists, they were perhaps directed 
mainly against the Roman Catholics. During this entire 
reign the Puritans were not without great strength and in- 
fluence in the House of Commons — an influence, moreover, 
that continuedto increase despite the rigorous policy adopted 
for their suppression. And, after all, the demands of the 
more reasonable among them were not so very exorbitant. 
Not a few of them would have rested satisfied with the re- 
moval of such rites and ceremonies as they deemed a de- 
parture from the purity of Christian worship as revealed in 
the Scriptures. Others, with Cartwright of Cambridge at 
their head, were anxious for Presbytery rather than Episco- 
pacy; while a third party — the Brownis'ts or Independents — 
advocated the entire separation of church and state. The 
death of Elizabeth came in 1603, however, and no conces- 
sions had as yet been made to the demands of tlie Puritans, 
The high hopes raised by that much-wronged party on the 
accession of a Presbyterian to die throne were not destined 
to be realized. James I. condescended to hold conference 
with the Nonconformists at Hampton Court, but was more 
anxious to impress them with a sense of his superiority in 
theological disputation, than to listen to their wrongs with 
a view to their amelioration. The king was ingenious, but 
the sturdy Puritans could not be convinced. They were 
accordingly dismissed with insults, only to have fresh tem- 
poral and spiritual penalties issued against them in the Book 
of Canons of 1604. The acts of 3 Jac. I., cap. 4, and of 
21 Jac. L, cap. 4, were passed to circumscribe still more 
the liberties of the nonconforming communit}^, and to ren- 
der their bondage yet more galling. Still, Puritanism con- 
make progress in England, and the Arminianisra 
of King James added greatly to the number of the dis- 
affected in the bosom of the Church of England. The 
policy of Charles I. showed no improvement on that of his 
predecessors ; and his bitter antagonism to the Puritans 
found a zealous supporter in the person of the notorious 
Archbishop Laud. To escape the atrocities of the Star 
Chamber and of the High Commission Court, not a few sought 
safety in voluntary exile to Massachusetts Bay, where they 
founded a colony, of which men still know something. But 
the sad relief of expatriation was soon denied them by ex- 
press proclamation. Hundreds of Puritan clergymen were 
^ected during this reign for their hostility to the Book of 
; Calvinism was denounced by the king and court ; 
anclire^ restrictions were laid upon Nonconformist preach- 
^ Human patience, however, has its limits ; and a day 
01 dark retribution came, when tlie down-trodden people of 


England rose in their wrath to right themselves. Laud was 
beheaded in 1644 : five years afterwards his royal master 
shared the same fate : the Parliament had abolished Epis- 
copacy, and Presbyterianism had its short hour of triumph. 
During the Protectorate all manner of sects were tolerated: 
Independency prevailed in the army : Baptists and Quakers 
flourished: the most unheard-of visionaries sprung up ; but 
Episcopacy remained proscribed. 

The Restoration of 1660 placed Charles II. on the throne, 
and brought back the old established religion. A new 
‘‘Act of Uniformity” was passed (14 Car. II., cap. 4) in 
August 24, 1662, excluding from its communion all non- 
subscribers to the doctrines of the church, and otherwise 
subjecting them to much suffering and cruel restriction. It 
is from this date that the title of Nonconformists comes 
most into prominence. On this occasion no fewer than 
2000 ministers of the church resigned their livings rather 
than conform to the Thirty-nine Articles. During the same 
reign the Conventicle Act (16 Car. II., cap. 4), the Five 
Mile Act (17 Car. IL, cap. 1), the Corporation Act (18 
Car. IL, cap. 1), and the Test Act (25 Car. IL, cap. 2), 
fell either directly or indirectly with much severity upon 
the Protestant Nonconformists, The statute of 22 Car. 
II., cap. 1, was passed with a view to annihilate conventi- 
cles by means of fines of minute rigour and uncompromis- 
ing strictness. The opening of the reign of James II, 
brought no relief to the Nonconformists ; but, to their no 
small astonishment and temporary delight, the 4th of April 
1687, witnessed James’s arbitrary Declaration ofindulgence. 
This proved, however, to be only a move .more cunning 
than wise on the part of his unfortunate Majesty, to unite 
the Puritans and the Church of Rome in a coalition against 
the Church of England. All classes of Nonconformists 
were now exempted from penal laws : Protestant and Ro- 
man Catholic alike enjoyed public toleration. The Pro- 
testant dissenters soon discovered, however, that their spi- 
ritual privileges had, in point of fact, been abridged rather 
than extended by this indulgence. If they were flattered 
by the favour shown them by the court, they soon dis- 
covered they had purchased this hollow honour only at the 
expense of treating the court religion — ^the religion of 
Rome — with a becoming tenderness and respect. This, 
to a genuine Puritan, was worse than gall and wormw^ood, 
and it. ultimately produced its effect. The blessings of a 
better toleration were reserved for the reign of the jPrince 
of Orange. By the Toleration Act of 1 Wm, III., cap. 
18, all Protestant dissenters, except those who denied the 
Trinity, were relieved from the penal statutes to wliich they 
had been subjected. The benefits of this act were afterwards 
somewhat circumscribed by the Occasional Communion Bill 
and by the Schism Bill. The latter was repealed, however, 
in the reign of Geo. HI. (19 Geo. III., cap. 24) ; and the 
Corporation and Test Acts were abolished in the reign of 
Geo. IV. (9 Geo. IV., cap. 17). These and other im- 
provements, together with the passing of the statutes re- 
lating to registration and marriage, have now placed dis- 
senters in England in the enjoyment of full liberty of con- 
science in the matter of religious worship. (Special and 
detailed accounts of the various sects of the Nonconfor- 
mists will be found under the articles Baptists, Inde- 
pendents, Methodists, Pkesbyterians, and Quakers. 
See Price’s History of Protestant Nonconformity in Eng- 
landy 2 vols., London, 1838 ; and Macaulay’s Hist<yry of 
England^ 

NONES, one of the three divisions of the Roman month* 
(See Calendar.) 

NONJURORS, those clergymen who refused to take the 
oaths to the new government after the Revolution, and 
who were in consequence subject to certain incapacities and 
liable to certain penalties. (See Britain, History of) 

NONNUS, a Greek poet, was a native of Panopolis in 
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^ooaheeva' Egypt, and flourished in the fifth century a.d. It is 
II likely that he was still a pagan when he wrote the former of 
yorberg.^ his two extant works, the epic poem Dionysiaca. Then 
having been converted to Christianity, and probably re- 
solving to consecrate his talents to the support of the new 
faith, he composed his hexameter paraphrase of the Gospel 
of St John. The epic is chiefly characterized by a cum- 
brous and disjointed plot, which runs lumbering on through 
forty-eight books amid much inflated verbiage and nume- 
rous inappropriate episodes. The paraphrase is valuable 
only on account of some of the various readings which it 
furnishes. The latest edition of the former of these works 
is that of F. Graefe, in 2 vols. 8 vo, Leipsic, 1819-26. The 
latest edition of the latter is that of Passow, Leipsic, 1834. 

N O 0 AHEEVA, Nouheya, or Nouka-Hiva, thelargest 
of the Marquesas Islands, is in S. Lat. 8 . 53,, W, Long, 
139. 49. ; and has a length of about 18 miles. The surface is 
rugged and mountainous, and the coasts steep ; the whole 
island being apparently of volcanic origin. The soil is 
rich and deep in the valleys, but on the hills it is thin, pro- 
ducing only tufts of coarse grass. Bananas and cocoa-nut 
trees grow in abundance ; but as the inhabitants, who are 
very lazy, are supplied with food by the spontaneous pro- 
ductions of the soil, the only article that is cultivated is 
tobacco. The people are of a dark copper colour, and live 
in huts of wood or cane raised above the ground on a plat- 
form of stones. There are several tribes in the island, who 
are very warlike, and are believed to be cannibals. No trace 
of any religion is to be observed ; and the utmost licentious- 
ness seems to prevail. The population is variously estimated 
from 8000 to 18,000. 

NOODT, Gerard, a celebrated jurist, was born at Nime- 
guen in 1647. He began his studies in his native town, and 
finished them at Franeker, by taking his degree in law. A 
successful defence of two criminals, who were arraigned at the 
bar for murder, first gave him a start in his profession. After 
passing through several successive ^ades of promotion, he 
was ultimately appointed a law professor at Leyden. But 
it was in the character of a writer on jurisprudence 
that his talents and acquirements were chiefly displayed. 
His Latin style, modelled after the best writers, was pure 
and precise 5 he had an intimate acquaintance with the laws, 
manners, and customs of ancient Rome ; his speculations 
were guided by a simple desire for truth, and by a wary 
dread of dogmatic conjecture; and his political opinions 
were animated by a spirit of Catholic toleration. Accord- 
ingly his numerous works, as they successively appeared, 
rose to the rank of standard authorities. Two of the most 
popular among them were translated into French by Bar- 
beyrac, and appeared at Amsterdam in 1707 and 1714, 
under the respective titles of Pouvoir des Souverains, and 
Liberie de Conscience. Noodt was still actively engaged 
in adding to the number of his treatises when he was cut 
off in 1725. His entire works, accompanied with a Life, 
were published by Barbeyrac, in 2 vols. fol., Leyden, 1735, 
and reprinted at the same place in 1760, 

NOOTKA SOUND, an inlet of British North America, 
on the W. coast of Vancouver Island ; N. Lat. 49, 35., 
W. Long. 126. 35. It stretches in a N.N.E, direction for 
10 miles, and forms a number of smaller bays and coves. 
There is a wooded island in the centre ; and the greatest 
breadth of water is not more than a quarter of a mile. The 
shores are rocky, and the bay forms a very safe harbour, 
but is not capable of accommodating more than two vessels. 

NORBERG, or Nordberg, George, the historian of 
Charles XII. of Sweden, was born at Stockholm in 1677. 
Having entered into holy orders, after the usual course of 
study at Upsal, he was appointed almoner to the army of 
Charles XII. in 1703, and was promoted to the office of 
chaplain to the king in 1707. He continued to hold this 
latter post till he was carried away from the field of Pultawa 
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in 1 709 to a captivity of six years in Russia. All this Norcia 
while it had been his custom to keep a record of the prin- II 
cipal incidents that came under his observation. Accord- ^o^d, 
ingly, several years after he had been settled down in a 
pastoral charge in his native city, he was employed by 
Queen Ulrica Eleonora to write the history of her deceased 
brother, Charles XII. The work, after undergoing royal 
inspection and revision, was published in 2 vols. fol., Stock- 
holm, 1740, and reappeared in a French translation in 3 
vols. 4to, the Hague, 1742. Two years after this latter 
date the author died at Stockholm. 

NORCIA, a town in the Papal States, delegation of 
Spoleto, in a lofty valley near the source of the Nar, 17 
miles E.N.E. of Spoleto. It has a considerable trade in 
pigs, oil, wine, and other agricultural produce. Pop. 4000. 

NORD, a department of France, so called from its being 
the most northerly in the country, lies between N. Lat. 

49. 58. and 51.5., E. Long. 2 . 7. and 4. 23. ; and is bounded 
on the N. by the German Ocean, N.E. and E. by Belgium, 

S. by Aisne and Somme, and S.W. by Pas de Calais. Its 
length from N.W. to S.E. is about 124 miles ; the breadth 
varies from 2^ to 39 miles ; area, 2192 square miles. The 
whole surface consists of a flat and monotonous plain, 
slightly sloping towards the N.E., and diversified with a few 
hills, which do not exceed 400 feet in height. The south- 
eastern part of the department is occupied by the northern 
slopes of the mountains and the forests of Ardenne ; and 
throughout the whole extent of the country cultivation is 
carried to the top of the highest elevations. The coast of 
the German Ocean is formed by a range of sand-hills, called 
dunes or downs, and the land beyond is little, if at all, 
above the level of the sea. The principal rivers flow N.E. 
towards the German Ocean, and owing to the flatness of 
the country are of a very sluggish nature. The principal 
of these are, — Ysser, Lys, Scarpe, Scheldt, and Sambre. 

The Aa, which has a N.W. direction, separates the depart- 
ments of Nord and Pas de Calais. The soil is generally 
very good ; and near the coast, where the low land is of a 
marshy nature, a skilful system of drainage has rendered 
that not only fit for cultivation, but has reclaimed from the 
water a tract of great fertility. Part of this district, called 
the Watteringhes, has been drained from a very early 
period by canals of various sizes, — some natural and some 
artificial, — which convey the water of the marshes into 
the sea at low-water. This district comprises an area 
of 195,321 acres, and is divided into four sections, each 
under the superintendence of special commissioners to see 
that the works are kept in repair. The other portion of 
the marshy ground lies partly in France and partly in 
Belgium, and is known by the name of Moeres, It con- 
sists of a larger and a smaller Moere — the former having 
an area of 7664 acres, of which 2944 are in France ; while 
the latter extends only to 433 acres. This ground has on 
several occasions been drained, and again laid under water 
for the protection of the frontier, but was finally recovered 
fi:om the sea in 1826. The soil of Nord consists of rich 
alluvial earth in the northern part, and towards the south 
is of a calcareous and clayey nature. The principal mine- 
rals are iron, coal, marble, paving-stones, potters’ clay, &c. 

Cultivation is more largely and better carried on here than 
in most other parts of France ; about 890,000 acres are 
occupied by arable land, 235,000 by meadows, 86,500 by 
wood, &c. The crops principally raised consist of wheat, 
rye, barley, oats, pulse, hemp, flax, tobacco, hops, &c. Pas- 
toral occupations are also largely pursued. The horses, 
estimated at 80,000, are strong and fit for farm labour ; the 
horned cattle, of which there are 230,000 head, are of one of 
the best breeds in France ; and the 240,000 sheep of the 
department produce excellent wool. There are also 75,000 
pigs and 7000 goats. The mineral operations carried on 
in this department are probably the most extensive in 
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Nord, France, consisting principally in the working of coal and 
C6tes dll jj-on mines. The manufactures are many and varied; 
^ |, linen, cotton, and woollen stuffs of all kinds ; lace, tulle, 
cambric, and lawn ; sugar, starch, soap, oil, glass, paper, 
^ n r ^ ^ earthenware, ropes, leather, cannon, &c. Ihe commerce 
of the department is also very great, consisting of the ex- 
portation of the produce of the soil and of the manufac- 
tures, and in the importation of cotton, wool, flax, tobacco, 
wine, brandy, timber, &c., which are received from foreign 
countries and from the French colonies. Tliere are two 
seaports on the German Ocean, Dunkirk and Gravelines, — 
at the former of which the maritime trade is chiefly carried on. 
The people near the coast are employed to a large extent in 
the herring fishery; and many vessels are sent out from 
Dunkirk and Gravelines to the whale and cod fisheries. In 
no part of France are the internal communications so much 
facilitated by roads and canals as in this department, where 
there are 15 inaperial roads, extending over 360 miles ; 17 
departmental roads of 176 miles ; besides 6 navigable rivers 
and 23 canals, with a total length of 350 miles. There are 
also 4 principal railways, extending over 143 miles. Nord 
forms the diocese of the Archbishop of Cambrai, and con- 
tains 5 Protestant places of worship and a Jewish synagogue. 
It has a court of appeal, 7 courts of primary jurisdiction, 4 
tribunals of commerce, and 7 councils of prueTkommes* 
The educational institutions are, — a primary normal school 
at Douai, 2 academies, 15 communal colleges, 934 public 
primary schools, &c. There are also 47 hospitals, 2 deaf- 
and-dumb institutions, 3 lunatic asylums and other chari- 
table establishments, 9 prisons, and 1 3 fortified places. The 
capital is Lille ; and the department is divided into 7 arron- 
dissements as follows : — 


Cantons. Communes. Population, 1S56. 


Lille 16 132 404,279 

Douai 6 C6 106,166 

Dunkirk 7 59 105,717 

Hazebrouck 7 63 102,734 

Avesnes 10 153 150,523 

Valenciennes 7 81 163,082 

Cambrai 7 118 179,863 

Total 60 662 1,212,353 


NORD, Cotes dtj. See Cotes du Nord. 

NORDEN, a town of Hanover, in the province of 
Aurich, on a canal leading to the Bay of Leisand, in the 
German Ocean, which is 4 miles off, 16 miles N. of Emden, 
and 15 N.W. of Aurich. It is an ancient and well-built 
town, with a large market-place planted with fine trees. 
There are churches belonging to the Lutherans, Reformed 
Church, Roman Catholics, Moravians, and Mennonites ; a 
synagogue ; an hospital, which was formerly a convent; and 
a school. Norden has numerous breweries ; manufactories 
of cloth, leather, and tobacco ; and a considerable shipping 
trade. Markets for horses are held here. Pop. ( 1 852) 6 1 88. 

NORDHAUSEN, a town of Prussian Saxony, in the 
government of Erfurt, stands on the Zorge, at the foot of 
the Seyersberg, a branch of the Harz Mountains, and at the 
Jiead of the fertile valley called the GuldeneAue, or Golden 
Valley, 38 miles N.N.W. of Erfurt, and 49 W. of Halle. 
It has an antique appearance, and is surrounded by walls 
and towers, with seven gates- There are a Roman Catholic 
and several Protestant churches, one of the latter contain- 
ing two paintings by Cranach ; a town- hall ; a theatre ; 4 
hospitals 3 and several schools. Nordhausen contains distil- 
leries, which are among the largest in Germany ; besides 
tanneries, woollen factories, soap-works, oil-mills, and manu- 
factories of linen, hats, sealing-wax, vitriol, and chemical 


substances. An active trade is carried on here in corn and Kordheim 
cattle. Wolf, the famous classical scholar, was born in the || 
neighbourhood of Nordhausen. Pop. 14,960. Norfolk. 

NORDHEIM, a town of Hanover, in the province of 
Hildesheim, on the left bank of the Ruhme, 12 miles N. of 
Gottingen. It is well built, and defended by walls. There 
are saw-mills, and manufactories of cloth, leather, shoes, and 
tobacco. Some trade is carried on in timber. In the neigh- 
bourhood there are sulphureous springs. Pop. (1852) 4679. 

NORDKOPING, or Norrkoping, a town of Sweden, 
in the Idn of Linkdping, near the mouth of the Motala, in 
the Bravik, an inlet of the Baltic, 24 miles N.E. of Lin- 
kdping, and about 90 S.W. of Stockholm. It has a beauti- 
ful situation on both sides of the river, which here incloses 
two islands, and is crossed by several bridges. The streets 
are broad, straight, well paved, and lined with neat houses, 
generally only two storeys high, built some of wood and 
some of stone. There are three churches, a town-hall, a 
synagogue, an hospital, and several schools. Mamifactures 
of linen, cotton, and woollen cloth, paper, starch, soap, 
tobacco, sugar, brass, hardware, &c., are carried on here ; 
and there are docks for ship-building, in which many fine 
steamers have been constructed. A considerable trade is 
carried on in the exportation of iron, grain, and manufac- 
tured articles. Pop. about 12,000. 

NORDLINGEN, a walled town of Bavaria, in the 
circle of Swabia, on the Eger, 39 miles N.W. of Augsburg, 
and 48 S.W. of Nuremberg. It has 4 churches, one of 
which, completed in 1505, has a tower 268 feet high, and 
contains in the interior a fine organ and some paintings ; 
a town-hall ; an hospital ; and several schools. Manulac- 
tures of carpets, woollen and linen cloth, leather, and glue, 
are carried on here ; and ihe place is remarkable for its 
geese, in the feathers of which, as well as in cattle, an ex- 
tensive trade is carried on. Nordlingen is historically im- 
portant for the victory gained here in 1634 by the Aus- 
trians and Bavarians over the Swedes. A fresco painting 
of the battle adorns the town-hall. Pop. 7000. 

NORE, a i)art of the estuary of the Thames, to the E. 
of Sheerness, and about 50 miles below London. 

NORFOLK, an English maritime county, the most 
easterly and the fourth in territorial extent in the country, 
and tenth as regards population. It is bounded on the N. 
and N.E. by the German Ocean; on the N.W. by the 
estuary called the Wash ; and on the S. the rivers Waveney 
and Little Ouse divide it from Suffolk ; while the Great 
Ouse, the Wilney, and the Nene separate it from Cam- 
bridgeshire. Its greatest length is about 70 miles from E. 
to W., and the broadest part is 42 miles from N. to S. It 
lies between 50. 17. and 52. 56. N. Lat, and 0. L and 1. 45. 

E. Long. ; is about 180 miles in circumference; and contains 
within the county proper (as distinguished from the regis- 
tration county) 1,354,301 acres ; is divided into 33 hundreds 
and 740 parishes, including the city of Norwidi, which is a 
city and county in itself. 

The population, according to the returns at the six Census 
decennial enumerations, amounted in 1801 to 27 LI 25, in^rc^ums. 
1811 to 288,305, in 1821 to 339,885, in 1831 to 384,142, 
in 1841 to 405,124, in 1851 to 433,716. 

Tile census of 1851 returns the registration county as 
follows — 

Aroainsta- Inhal>ited Uninkab. Houses ifAmalAa 

lute acres. Houses. Houses, building. 

1,300,311 91,144 3360 447 433,716 210,769 222,967 

The amount of real property assessed to the property 
and income tax in 1851 was L.2, 463, 893, and the amount 


^ These computations are founded on the principle adopted at the last census, which was taken in accordance with statutes 2 and 3 Will. 
IV., c. 64, and 7 and 8 Viet., c. 61, which altered the limits of counties, and made them consist of groups of registration districts, in 
general identical with poor-law unions. All isolated portions of counties are now considered part of the county surrounding them, or 
with which they have the greatest common boundary. Norfolk, by this arrangement, has been diminished in area, the extensive parish 
of Upwell having been detached from it and added to Cambridgeshire. 
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assessed to the relief of the poor for the year ending March 
1850 was L.l3865j2 16. The expenditure of the county for 


1856 was — 

For Gaols L.6,407 18 10 

Administration of Justice 4,201 6 10 

Lunatic Asylums 1,770 17 7 

Coroners 1,071 14 9 

Militia and Artillery 1,124 18 6 

Miscellaneous 2,623 10 11 

17,200 6 5 

The county rate levies amounted to L.13,393 0 0 

And the receipts from Government to 3,544 0 0 


The births in 1 851 were 14,3455 deaths 9384, and mamages 
3177. The places of worship were — belonging to the 
Church of England, 719; and sittings, 187,210: belonging 
to other denominations, 722 ; and sittings, 125,703. 

There are about 100 endowed schools in connection with 
the Church of England, and above 1200 day schools of all 
denominations. The educational census gives the number 
of children of all ages at school — boys, 26,694; girls, 
26,299. The Sunday schools are returned as 782 ; and Sun- 
day scholars, 50,182. The general census gives the total num- 
ber of children under ten years of age — ^boys, 52,996 ; giils, 
53,082 : and the total number under tuition at home or at 
school — boys, 17,990; girls, 17,271 : leaving 70,817, inclu- 
sive of infants, not under any instruction. 

From its exposure to the North Sea, the climate of Nor- 
folk is generally colder than other parts of England, and the 
prevalence of easterly winds in the spring retards the 
growth of vegetation to a later period than in the western 
districts. The surface of the country presents less variety 
than most of the other English counties, being generally flat, 
and uninteresting to theti*aveller in search of the picturesque. 
The coast is chiefly comprised of low sandy beach, seldom 
rising into bold elevations. The only lofty cliffs are St 
Edmund’s Point at Hunstanton, and the chalk and clay 
cliffs at Cromer, which are fast yielding to the incursions of 
the ocean. The scenery is not woody; but of late years 
timber has been more generally planted, for use as well as 
ornament, than was formerly the case. The rivers, although 
slow and sluggish in their course, are easy of navigation, 
and, with the sea on the northern and eastern sides, form 
natural water-boundaries to this county, making it almost 
an island; in the eastern valleys the streams frequently 
expand into large meres or broads abounding with fish. The 
Great Ouse, navigable for barges 24 miles from its mouth, 
rises in Northamptonshire, enters this county at Downham, 
and enters the large estuary of the Wash, which divides 
Norfolk from Lincolnshire, near Lynn. It affords water 
communication with seven of the midland counties. The 
Little Ouse and the Waveney rise within ten feet of each 
other in the southern part of the county, but pursue directly 
opposite courses, forming the boundary line between Nor- 
folk and Suffolk until the Little Ouse meets the Great Ouse 
on the borders of Cambridgeshire, and the W’aveney, 
becoming navigable at Bungay, meets the Yare at Burgh, 
and falls into the sea at Yarmouth. The Bure rises near 
Aylsham, and, after receiving the Thurne and Ant, falls into 
the Yare, which rises near Attleburgh, becomes navigable 
at Norwich, and, after receiving the waters of the Tass and 
the Wensum, merges in the Waveney. A ship-canal has been 
cut across the marshes from Reedham to Lowestoft in Suffolk, 
connecting the Yare with the sea. The Nar rises near 
Litcham, and has a short course to the sea near Lynn, whence 
it is navigable to Narborough, a distance of sixteen miles. 

The Reform Act divided the county into two parts. 
East and West Norfolk, each returning two knights of the 
shire to Parliament. The eastern division comprises 
eighteen out of the thirty- three hundreds into which the 
county is divided, and its polling-places are Norwich, Yar- 


mouth, Loddon, Long Stratton, Reephara, and North Norfolk. 
Walsham. West Norfolk comprises fifteen hundreds, and 
its polling-places are East Dereham, Fakenham, Lynn, 
Downham, Thetford, and Swaffhara ; the latter of which is 
the principal place of election. 

The municipal boroughs and corporate towns of Norfolk, 
each also returning two members to Parliament, are^— 

Inhabited Houses. Population. 

Norwicb ...14,988 68,195 

Great Yarmouth, with Gorleston 6,886 30,879 

King’s Lynn| 3,845 19,355 

Thetford 844 4,075 

The agriculture of this county is the foundation of its in- i\gricul- 
dustrial prosperity. Few counties of England possess ture. 
a greater variety of soils, and the peculiar excellence of the 
far-famed Norfolk agriculturist consists in the skill with 
which he mixes these various soils, thereby improving the 
texture^ and therefore the productive qualities of all. By 
judicious claying and marling, large tracts of light sandy 
desert, moor, and heath have been converted into rich 
arable land ; and by the extensive use of draining-mills, 
both wind and steam, the low marsh lands have been con- 
verted into rich valleys of fruitful corn-fields. Ten years 
ago it was said of the agriculturists of this county, that they 
knew as much as would be necessary, if known generally, 
to make England produce half as much again as it w^as at 
that time doing. The more general diffusion of agricultural 
science since that time may have lessened the comparative 
superiority of the Norfolk farmers, but, as they took the 
lead in throwing off the fetters of antiquated systems, they 
continue to preserve their character for adopting readily all 
hints for improvement, and still exhibit examples of the 
most judicious practices in husbandry. The ploughing and 
drilling here are excellent ; even indifferent skill in these 
branches is very rare. The ploughs used are of light con- 
struction, drawn by two horses, or frequently bullocks, for 
which a peculiar breed of Devons are employed, and driven 
from behind with reins by the man who guides. This mode 
of driving is said to be the cause of the straightness of the 
lines preserved by both ploughs and drills. The most pre- 
valent system of cropping now is the four-course, as first 
introduced by the late Earl of Leicester ; and the usual ro- 
tation is, turnips, barley, clover or other grasses, and wheat. 

The five-course system is not uncommon, but the old six- 
course is very rare. Nearly all the corn is stacked in the field. 

The number of farms an the county employing labourers 
is 4868; those not employing labourers, or not making 
returns, 1664 — total, 6532. Number of labourers em- 
ployed in the field — men, 32,840; women, 606 — total, 33,446. 

Upwards of 200,000 acres of commons and sandy heaths have 
been inclosed during the last eighty years. 

The average yield per acre^ is ten cooms or five quarters 
of barley, and nine cooms or four and a half quarters of 
wheat. Above 1,045,760 acres of land are under cultiva- 
tion. Its agricultural productions are chiefly wheat, bar- 
ley, oats, peas, beans, potatoes, turnips, mangel-wurzel, beet, 
hay (composed of rye-grass, clover, suckling, trefoil, or 
sainfoin). Hemp is grown on the borders of Suffolk, and 
flax is cultivated for the sake of the linseed to fatten cattle, 
as well as for the flax itself. The management of the turnip 
crop is a point on which Norfolk agiiculturists have long 
been pre-eminent. This valuable root was first introduced 
into field culture in the reign of George 1. by Viscount 
Townshend, upon his estates in Norfolk. By the immense 
stock of winter food they supply, an enormous increase in 
the number of cattle and sheep bred and fattened in the 
county has been produced. The principal implements used 
in husbandry here are light ploughs, scarifiers, harrows, 
drills, horse-hoes, chaff-cutters, and threshing-machines. 

Wheat is often dibbled, the women and girls finding em- 


^ In 1831 the average yiej<i pf wheat was 3 quarters to the acre, showing an increase of 50 per cent, since that period. 
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iforfolk. ployment in dropping the seed. The quantity of grain 
exported from the various ports of the county before the 
opening of railways has been nearly 600,000 quarters in 
a year, but since that time the exports have much diminished. 
The principal market of the county is held at Norwich, for 
cattle, corn, and sheep. For the year ending October 1 857, 
the amount of wheat brought to the Norwich market was 
270,768 quarters, and of barley 187,245 quarters. The 
Norwich cattle-market is one of the largest in England ; but 
the live stock of the county possess few distinctive charac- 
teristics. The principal cattle bred are Durhams or short- 
horns, but many Scotch and Irish are sent over to be 
grazed. Devons are used for ploughing, on account of their 
quicker step and activity. There are but few dairies, and 
these are confined to the neighbourhood of large towns. 
The indigenous breed of Norfolk sheep is now , almost 
extinct, their hardy habits and agile movements, which were 
virtues when land was less cultivated, becoming defects 
when quickness of fattening became the primary quality 
requisite. The sheep now chiefly bred are Downs and 
half-bred Downs. The cart-horses are a fine breed, 
averaging from 14 to 15 hands high. Norfolk pigs are com- 
paratively small ; the finest now in the county are descended 
from the Berkshire boar and Chinese pigs. Poultry of all 
kinds is plentiful, and of a superior quality. The turkeys 
are most highly prized; vast quantities are sent to the 
London markets. No county is better stocked with game, 
especially pheasants and partridges, which are sedulously 
preserved by the landlords, and generally reserved in the 
leases. Great numbers of rabbits are bred in extensive 
warrens in many parts of the county. 

■ From the earliest times Norfolk has been the seat of 
manufacturing operations. For four centuries it was the 
main centre of the woollen trade, first introduced by a co- 
lony of Dutch weavers, who crossed the Channel, and settled 
themselves at Worsted, a village about 13 miles from Nor- 
wich. The sumptuary laws of Edward III., and the fixing 
of staples at Norwich, tended to the increase of the manu- 
factures ; and the persecutions of the Duke of Alva, which 
drove large numbers of Dutch and other artizans to these 
shores, promoted the prosperity of the county. The most 
flourishing period of Norfolk woollen manufactures was 
during the middle of the last century. Bombazines, crapes, 
paramattas, and silk goods of every description, are now 
made. From the absence of coal and iron in the district, 
the manufacturers cannot compete with the north for cheap- 
ness, but for quality their goods are yet unrivalled. The 
number of wool-staplers and woollen manufacturers in Nor- 
folk, returned in the last census, was 587 ; silk do., and 
dealers in silk, 2269 ; engaged in flax, 146 ; in cotton ma- 
nufactures, 383 ; rope and hemp, 863. Besides silk and 
woollen manufactures, many other very important factories 
have sprung up ; as shoes, soap, paper, brushes, bricks, to- 
bacco, starch, mustard, oil-cake, and many varieties of arti- 
flcial manures. The fishing trade of Yarmouth is an 
important branch of Norfolk commerce. The mackerel 
fishing alone is estimated to produce L.16,000 a year, em- 
ploying 90 boats and 870 men. The number of fishermen 
in the county is 1340; fishmongers, 329. The herring 
fishery employs 160 boats and 1300 men, besides those on 
shore, and produces 100,000 barrels yearly. Yarmouth has 
also extensive malting establishments. 

Of various kinds of produce, the quantity sent by rail- 
ways to all parts of the kingdom, and exported from Lynn, 
Wells, and Yarmouth, is very great. 

Nqriolk has railway communication with London via 
Cambridge and via Ipswich from Yarmouth and from Lynn ; 
and with the north and north-west of England via Peter- 
borough branch from Ely. , 

The public and turnpike roads of the county are better 
than in most parts of England, being generally raised higher 


than the adjacent land, and well drained by trenches on Norfolk, 
either side. 

Norfolk is in the diocese of Norwich, and in the archi- 
episcopal province of Canterbury. It is the head of the 
judicial circuit of Norfolk, which comprises five other coun- 
ties. The military and maritime government of the county 
is vested in the same individual. The Earl of Leicester is 
the present lord-lieutenant, custos rotulorum^ and vice- 
admiral. In the two first capacities he presides over the 
affairs of the county, has the control of the militia, and the 
appointment of deputy-lieutenants and magistrates. As 
vice-admiral of Norfolk he executes his authority under the 
Lord High Admiral of England. The mayors of Yar- 
mouth and Lynn have admiralty jurisdiction on the rivers 
of their respective boroughs and ports. In 1839 a rural 
police, or constabulary force, was established in the county, 
consisting of a chief constable and 136 subordinates. The 
force has been at various times augmented ; and in 1857con- 
sistedof one chief constable, one deputy-constable, and 219 
subordinates ; the total cost of whose maintenance, inclu- 
sive of all expenses connected with stations, &c., was 
L.15,51 1 for the year ending October 1857. A comparison 
of the statistics of crime gives 686 cases of detected felonies 
in 1854, and 237 cases of undetected felonies. In 1857 
felonies detected were 600 ; undetected, 199. The families 
receiving titles from places in Norfolk are the Howards, 
dukes of Norfolk; the Gordons, earls of Norwich; Con- 
ways, earls of Yarmouth. Thetford confers the title of 
Viscount on the Fitzroys. The Townshends are viscounts 
of Raynbam, and barons of King’s Lynn. The De Greys 
are barons of Walsingham, the Nelsons barons of Hilsbo- 
rough, the Howards are barons of Castle Rising, the Ho- 
barts barons of Blickling, the Calthorpes are barons of 
Calthorpe, the Walpoles barons of Wolterton and Walpole, 
the Harbords are barons of Suffield, and the Wodehouses 
barons of Kimberley. 

The most remarkable ancient mansions, some of which, 
however, exist but in ruins, are Blickling Hall, Caistor 
Hall, Oxburgh Hall, Winwall House, Stiffkey Hall, Bacons- 
thorpe Hall, Hunstanton Hall, Scales Hall, Fincham Hall, 

Thorpe Hall, Wallington Hall, and Merton Hall ; many of 
which exhibit the castellated character, though they do not 
appear to have been regularly fortified. 

The principal country seats of noblemen and gentlemen 
are : — Beeston Hall, Sir J. H. Preston, Bart. ; Blickling, 

Marquis of Lothian ; Buckenham Toils, Lord Ashburton ; 

Castle Rising, Hon. F. G. Howard ; Costesisey Hall, Lord 
Stafford ; Elmham Hall, Lord Sondes ; Gunton House, Lord 
Suffield ; Harling Hall, Lord Colborne ; Haveringknd, E. 

Fellowes, Esq., M.P. ; Heydon Hall, W. E. L. Biilwer, Esq. ; 
Hillington Hall, Sir W. T. H. B. Ffolkes, Bart. ; Holkham, 

Earl of Leicester; Honingham, Lord Bayning; Hough- 
ton, Marquis Cholmondeley ; Keswick Hall, Hudson Gur- 
ney, Esq. ; Ketteringham, Sir J. P. Boileau ; Kimberley, 

Lord Wodehouse; Kirby Cave, Lord Berners; Langley, 

Sir W. B. Proctor; Melton Constable, Lord Hastings; 

Merton Hall, Lord Walsingham ; Oxburgh, Sir J. P. Bed- 
ingfeld, Bart. ; Quiddenham, Earl of Albemarle ; Rayn- 
ham, Marquis of Townshend; Scottow, SirT.H.E.Durrant, 

Bart. ; Wolterton, Earl of Orford. 

Norfolk possesses few of the more important Celtic re- 
mains common on the western coast of the island; but 
barrows with their contents, celts, spear-heads, beads, and 
other vestiges of the ruder times, are found scattered 
throughout the whole surface. Of the Roman period, 

Caistor, by Norwich, is an interesting relic : its walls and 
towers mark it for one of those permanent stations, known 
by the name of Castra Hiherna, and hardly to be found 
beyond the limits of Britain. Of summer camps, Brancaster, 

Castle Rising, and Tasburgh exhibit more or less per- 
fect vestiges ; while coins and urns, glass and pottery, tes- 
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Norfolk tify in a variety of localities to the former presence of the 
II Romans. Numerous traces of Danish, Saxon, and Norman 
times present themselves over the whole county, both 
' j ecclesiastical and civil. Thetford Castle is a I'emarkable 
specimen of a Roman fortification; and as a sacred Norman 
edifice Norwich cathedral has few rivals in England. Many 
parochial churches in the county also remain as specimens of 
the Norman style. Binham Priory, and parts of the Abbey 
of Walsingham, are specimens of early English architecture ; 
as also are Yarmouth and other parish churches; while noble 
specimens of the decorated and perpendicular periods 
abound in every direction. Another leading feature of the 
antiquities of Norfolk are the painted roodloft screens and 
magnificent brasses. Among the most interesting remnants 
of civil and domestic architecture may be enumerated the 
castle at Castle Rising, the only known building of that de- 
scription in the kingdom ; Caistor and Oxburgh Halls ; the 
walls of Norwich, Yarmouth, and Lynn ; the ruins of the 
bishop’s palace garden ; and the gates of the Close, Norwich. 

At the time of the Reformation Norfolk possessed no 
fewer than 123 monastic institutions, abbeys, priories, nun- 
neries, colleges, and hospitals. Many were richly endowed. 
Some interesting ruins still remain in the county ; and the 
general ecclesiastical architecture presents many curious and 
interesting specimens to the antiquary. Above 120 round 
towers remain in various parts. Flint is the prevailing 
material of which they are constructed, through the scarcity 
of stone in East Anglia. The tithes in most of the parishes 
of Norfolk have been commuted for fixed annual rents. 

Among many other distinguished natives of the county 
we may enumerate Queen Anne Boleyn, born at Blickling ; 
Archbishops Parker and Herring ; Bishop Maltby ; Lord 
Nelson; Dr Samuel Clarke ; Sir Edward Coke ; Person ; Sir 
Robert Walpole; Mrs Fry; Crome the artist; Lindley, 
Hooker, and Sir James Smith, botanists; MrsOpie; General 
Wilson, the hero of Delhi. (s. s. M.) 

Norfolk, a town of the United States of North 
America, Virginia, on the north bank of the Elizabeth 
River, 32 miles from the sea, and 106 S.E. of Richmond, 
The site is low and flat ; the streets are broad, but some- 
what irregular, and lined with handsome houses of stone or 
brick. The City Hall is adorned in front with six granite 
columns, and has a dome 110 feet high; 'the Mechanics’ 
Hall is a building in the Gothic, and the Military Academy 
in the Grecian style. There are fourteen chui'ches, one of 
which has a spire 200 feet high, nine seminaries, two read- 
ing-rooms, three banks, an hospital, and an oi'phan asyluna. 
The harbour is large, secure, easily entered, and defended 
by two forts. Norfolk is the principal commercial town in 
Virginia, and, along with Portsmouth, on the other side of 
the river, the chief naval station in the United States. Its 
trade is facilitated by the canal through the Dismal Swamp 
to the south, and communication is kept up with New York 
and Philadelphia by steamers. The shipping of the har- 
bour, 30th June 1852, had a total tonnage of 7716 regis- 
tered, and 14,448 licensed and enrolled. The number of 
vessels that entered in that year was 85, tonnage 20,778 ; 
those that cleared 129, tonnage 24,447. In the same year 
six vessels were admeasured, with a tonnage of 408. Pop, 
(1850) 14,326; (1853) about 16,000. 

Norfolk Island is the largest of a group of islands 
in the South Pacific Ocean, consisting of Norfolk, Ne- 
pean, and Philip islands, together with several scattered 
islets, or rather bare rocks, called the Bird Islands ; S. Lat. 
(of the settlement on the south of Norfolk Island) 29. 10., 
E. Long. 167. 58. It is 600 miles W.N.W. of Auckland, 
and 900 N.E. of Sydney. .These islands appear to rise 
from the surface of a submarine table-land, which extends 
for 18 miles to the N. and 25 to the S. of the group, with 
an average breadth of 18 miles, and an area of nearly 1000 
.square miles. The depth of water over this tract is remark- 


ably uniform, not varying more than five fathoms ; and it ISToricum. 
rises abruptly about 1000 or 1200 feet fi:om the bottom of 
the surrounding ocean. Philip Island is about 3J miles 
south of Norfolk Island, and is of basaltic formation, rising 
to the height of 900 feet at the south, and sloping towards 
the north. Its area is about 500 acres. Nepean Island, 
which is separated by a channel 800 yards wide from the 
largest of the group, is entirely of coralline structure, and 
has a height of about 50 feet from the sea, and an area of 
12 acres. Norfolk Island itself is not quite 5 miles in 
length, with an average breadth of 2^. Its area is about 
8960 acres, and its general elevation is about 400 feet above 
the sea, while in the N.W. the double summit of Mount 
Pitt attains the height of 1050 feet. The surface is broken 
by numerous gullies with steeply-sloping sides, and through 
these flow several streams, two of .which have formed, by 
the accumulation of soil between the sea and the hills, a 
narrow strip of level ground, on which the settlement 
stands. The soil, consisting of decomposed basalt, is every- 
where extremely rich ; even on the higher parts it is fer- 
tile, and in the valleys the vegetation is most luxuriant. 

The principal tree, the Norfolk Island pine, resembling in 
appearance the Norway spruce, grows on all parts of the 
island, and attains in some places a height of 200 feet, and 
a circumference of 30 feet. Maple, ironwood, a small spe- 
cies of palm called the Norfolk Island cabbage- tree, and a 
fern having a height of 40 feet and fronds 1 1 feet in length, 
also grow in abundance. The underwood of the forests 
consists chiefly of lemons and guavas; and many plants 
originally exotics now grow wild here. Bananas, yams, 
sweet potatoes, and arrow-root, though tropical plants, 
flourish on the island; and oranges, coffee, maize, and rye ' 
may be raised. The amount of land under cultivation on 
the 31st December 1852 was 16 acres of sweet potatoes, 

40 of maize, and 2 of garden ground. All sorts of domes- 
tic poultry thrive here ; and there are bees which produce 
excellent honey. There were, on the 31st December 
1852, 30 horses, 721 horned cattle, 4140 sheep, and 125 
swine; but a considerable number of these have since 
been removed. The climate is healthy, and the heat is 
tempered by the sea-breeze : the temperature is rarely 
below 65°. Excellent roads have been made acr^oss the 
island in various directions, and bridges across the streams ; 
while extensive farm buildings of a solid nature have been 
erected in various places. Norfolk Island, originally unin- 
habited, was first visited by Captain Cook in 1774; and in 
1787 it was colonized partly by convicts and partly by free- 
men from New South Wales ; but in 1810 it was aban- 
doned, and all the buildings were destroyed. In 1825 it 
was again used as a penal settlement, and occupied by fifty 
soldiers, six civilians, and fifty criminals ; but this estab- 
lishment was finally broken up in June 1856, when the 
inliabitants of Pitcairn’s Island, the descendants of the 
mutineers of the Bounty, 194 in number, settled on this 
island. The origin and present condition of this small com- 
munity are unique. Their whole stock of knowledge and 
instruction was derived from a common seaman, who was 
able to read and write, and being in possession of a Bible, 
tmdertook to teach the children of the original mutineers, 
of whom he was the last survivor. These people have thus 
grown up, living peacefully and happily, in obedience to 
the precepts of religion, but at the same time destitute, 
from want of experience, of the knowledge and skill of 
other civilized communities. . They have a magistrate, two 
councillors, and a chaplain ; and they are now under the 
authority oif the governor of New South Wales. They 
are afiectionate, simple, and unsuspicious; but are igno- 
rant of the use of the plough, and of the most necessary 
trades. 

NORICUM, a province of the Roman empire, corre- 
sponding to portions of Austria and Bavaria, was bounded 
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Koris. on the N. by the Danube, on the W. by Vindelicia and 
Rhaetia, on the S. by Italy and Pannonia, and on the E. 
by Pannonia. Its name was probably derived from Nbreia, 
the ancient capital. It was a mountainous country, tra- 
versed by the Alpes Noricae and other ridges extending 
from east to west. The valleys between these chains were 
watered by the Dravus {Dram) and other tributaries of 
the Danube. Yet, on account of the numerous marshes 
and forests, the soil was not very fertile. The most noted 
products were mineral. Large quantities of iron were ex- 
ported to supply the manufactories of arms in Northern 
Italy, Mcesia, and Pannonia; salt was abundant; and even 
gold, according to Polybius, as quoted by Strabo, was at 
one time found. 

The country, though alleged to have been for a long 
time under the government of a king, was divided into 
several distinct tribes of Celtic origin. Of these the best 
known were the Norici, who were anciently called the 
Taurisci; and the Boir, who are said by Csesar to have 
emigrated from Boiohemum about 85 b.c. But after tlie 
district had been conquered by the generals of Augustus 
about 13 B.C., the various tribes seem to have lost their 
individuality, and Noricum itself was reduced into the form 
of a Roman province. The face of the land also began to 
assume a new aspect. The fens were drained, the forests 
were cut down, the climate became milder, and the valleys 
waved with rich harvests. Several Roman roads traversed 
the country ; and three Roman fleets on the Danube kept 
back the marauding barbarians of the north. Colonies also 
were founded, Tyhich in course of time became well known 
under the names of Celeia {Cilly\ Virunum, Juvavum or 
Juvavia {Salzhurg\ Lauriacum {Lorch)^ and Boiodurum 
{Innstadt), 

NORIS, PIenry, a learned cardinal of the seventeenth 
century, was born at Verona in 1631. He was carefully 
educated by his father, Alexander Noris, originally from 
Ireland, and well known by his Guerre di Germania^ At 
fifteen he was admitted as a boarder in the Jesuits’ college 
at Rimini, where he studied philosophy ; after which he 
applied himself to the writings of the fathers of the church, 
particularly those of St Augustine ; and taking the habit in 
the convent of the Aiigustinian monks of Rimini, he in a 
short time distinguished himself amongst that fraternity by 
his erudition, insomuch that, as soon as he had completed 
his noviciate, the general of the order sent for him to Rome, 
to give him an opportunity of improving himself in the 
more solid branches of learning. His constant course was 
to study fourteen hours a day ; and this he continued till 
he became a cardinal. He began his History of Pela- 
gianism at Rome at the age of twenty-six, and published 
it at Florence in 1673. To this work he added An account 
of the schism of Aquileia, with a vindication of the hooks 
written by St Augustine against the Pelagians and Semi- 
Pelagians, In the following year the Grand. Duke of 
Tuscany invited him to that city, made him his chaplain, 
and appointed him professor of ecclesiastical history in the 
university of Pisa. His History procured the author great 
reputation, but called forth several antagonists, to whom he 
published proper answers. The dispute grew warm, and 
was carried repeatedly before the sovereign tribunal of the 
Inquisition, where it was examined with the utmost rigour, 
and the author dismissed without the least censure. In 
1692 he was called to Rome by Innocent XII., who made 
him under-librarian of the Vatican. This post was a step 
to a cardinal’s hat ; his accusers therefore took fire afresh, 
and published several new pieces against him. Noris tried 
to remove these scruples in a work which appeared in 1695, 
under the title of An Historical Dissertation concerning 
One of the Trinity that suffered in the flesh. In 1695 
his Holiness honoured him with the purple. On the death 
of Cardinal Casanati in. 1700, he was made principal keeper 
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of the Vatican Library. He died at Rome in 1704. His Normandy 
works are characterized by great elegance and erudition ; ^ |1 

and were published at Verona, in 5 vols. folio, in 
1729-30. 

NORMANDY, an ancient province of France, bounded 
on the N. by the English Channel ; E. by Picardy and the 
Isle of France; S. by Perche, Maine, and Brittany; and W. 
by the English Channel; had a length of about *150 miles, 
a breadth of 75, and an area of 10,534 square miles. It 
now comprises the departments of Seine-Inferieure, Eure, 

Calvados, Manche, and the greater part of Orne. Its an- 
cient name was Neustria; but it was designated Normandy 
in A.B. 912, when it was conquered by the Norman under 
Rolf, the brother of the first Scandinavian Earl of Orkney. 

NORRIS, John, one of the most eminent of the 
English Platonists, was born at Collingborne-Kingston in 
Wiltshire, where his father was a clergyman, in 1657. 

With a view to the clerical profession, he was sent to Win- 
chester school; and at the Michaelmas term of 1676 he 
entered Exeter College, Oxford. At school he was dis- 
tinguished for his classical attainments, and at college for 
his enthusiastic study of philosophy. He soon exhausted 
the scientific knowledge then current at his university; 
and eager to explore the fountainhead of that stream of 
which the waters were so sweet, he began the study of 
Plato and Aristotle. It was in the groves of the Academy, 
however, rather than in the halls of the Lyceum, that the 
young speculator first found what he was in quest of. He 
graduated as a bachelor in arts in 1680, and having soon 
after obtained a fellowship in All-Souls’ College, he was 
enabled still farther to indulge his preference for Plato and 
his divine dialogues. For a temper so melancholy and 
devout as Norris’s seems to have been, the transition from 
his favourite philosophy to the mystic theology was at once 
easy and natural ; and to heighten the facility still more, 
he had his attention arrested by the brilliant name of Father 
Malebranche, a philosopher at once Platonic in temper and 
Christian in spirit. The Recherche de la Verite was then 
read by all for its lofty eloquence, and studied by the few 
for the ingenuity of its metaphysics. Norris began an 
ardent admirer, and ended a zealous disciple of this charm- 
ing idealist. Meanwhile little was known of this solitary 
thinker until he inaugurated his career as an author in 

1682, in The Picture of Love Unveiled^ a translation of the 
well-known Effigies Amoris of Robert Waryng. During 
the same year he published a translation from the Greek of 
Hierocles upon the Golden Verses of Pythagoras^ a per- 
formance which he followed up by an original work in 

1683, entitled An Idea of Happiness. Rejecting the com- 
mon notion of moral virtue,” taught by the Stoics and 
Peripatetics, as incapable of making men happy in the 
highest sense, he adopted the more exalted idea of “ divine 
virtue,” as inculcated in the writings of Plato and the 
Pythagoreans. The former regulates the actions of com- 
mon life ; the latter engages in divine meditation and 
seraphic ecstasy. He that has only the former,” says 
Norris, ‘‘ is like Moses, with much difficulty climbing up 
to the holy mount ; but he that has the latter is like the 
same person conversing with God on the serene top of it, 
and shining with rays of anticipated glory.” This small 
treatise at once ranked its author with that distinguished 
band of Platonic divines which adorned the seventeenth 
century in England. But it was a characteristic of Norris, 
as of all the thinkers of that devout and learned school, 
that while intensely fond of speculative retirement, and 
“ happy in leisure and obscurity,” as he sings of it, he 
nevertheless took an active interest in what was passing 
around him during that noisy and changeful time. The 
Rye-House plot of 1683 induced him to publish A Mur- , 
nival of Knaves, or Whiggism displayed and burlesqued 
out of countenance ; a performance which showed that its 
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Norris, author could discourse of more things than the ecstasies of 
— the mystical union. This sturdy English sense has always 
proved too much for the full growth and fruition of the 
higher rhapsodies of mysticism. The political brochure 
hurled at the Whigs was followed by an attack upon the 
Calvinistic dissenters, in which the Fellow of All-Souls 
stanchly combated some of the positions in the theology 
of the Genevan divine. This tract was entitled Tractatus 
adversus Reprohationis Ahsolutm Decretum, novo methodo 
et. succinctissimo compendio adornatus^ et in duos libros 
digestus, 1683. Nor was this the only blow aimed by the 
sturdy churchman at the dissenters of his day; in 1691 
he charged the Nonconformists with schism in a special 
treatise, after having given them repeated stabs as a sort of 
by-play in his previous works. Norris obtained his master’s 
degree in 1684, took orders shortly afterwards, and pub- 
lished l)is Miscellanies in prose and verse during the same 
year. In his poems he endeavours to be something “ more 
than a country fiddler aspires “ to restore the declining 
genius of poetry to its primitive and genuine greatness, to 
wind up the strings of the Muse’s lyre,” and so forth ; and 
to save his readers from becoming oblivious of his high 
design, he informs them occasionally, as he proceeds, “ this 
ode is after the Pindaric way.” His argument is always 
high, however; and amidst much purity of sentiment, deep 
religious fervour, and some tedious moralizing, true gleams 
of poetry occasionally break forth. This volume w'as the 
most popular of all his works, and passed through numerous 
editions during the author’s lifetime, Norris had long been 
an admiring student of the works of Dr Henry More, then 
at the height of his newly-won fame as a Platonic mystic, 
and he resolved now to consult that philosopher respecting 
some speculative diflSculties on which he professed igno- 
rance and curiosity. The correspondence thus begun in 
1684 ended only with the death of More three years after- 
wards, and was published by Norris in 1688. In 1685 he 
produced a translation of Xenophon’s Cyropmdeia in con- 
junction with Francis Digby, the latter rendering the first 
four books, and Norris the remaining four. The Theory 
and Regulation of Love appeared in 1688, in which that 
Platonic affection of which Norris was so fond finds an in- 
genious and eloquent advocate. He was made rector of 
Newton St Loe in Somersetshire in 1689, married during 
the same year, and gave to the world a treatise on Reason 
and Religion, This was followed, in 1690, by Reflections 
upon the Conduct of Human Life^ in a letter to John 
I-ocke’s friend, the famous Lady Masham. Locke was 
living with that lady at the time, and on reading Norris’s 
dedication, in which he supposed her to be blind, is said 
to have “ made himself merry withal” at the author’s ex- 
pense. Locke’s celebrated Essay appeared for the first 
time during this year, and Norris, whose speculative opi- 
nions differed most fundamentally from those of Locke, 
could not resist the temptation of attaching an Appendix 
to his Treatise of Christian Blessedness^ then passing 
through the press, with “ Cursory Reflections upon a Book 
called An Essay concerning Human Understanding^^ His 
letter to Lady Masham brought him into collision with the 
Quakers, in A Discourse concerning the Crossness of the 
Quaker^ s Notion of the Light within^ published in 1692, in 
which he disabused the minds of that pious sect of the 
opinion that he was favourable to their views. This treatise 
is peculiarly valuable, as casting light upon Norris’s real 
relation to mysticism. He had before had occasion to de- 
nounce the opinion that all bodily pleasures are to be ab- 
jured, and he now insists, with great force and clearness, 
that the Quakers represent this light within as a sort of 
extraordinary inspiration ; whereas I suppose it to be a man’s 
natural and ordinary way of understanding,” Norris was 
now presented to the rectory of Bemerton, near Salisbury, 
where,he remained till his death. The revenues of this 


position were handsome and the work light; and the labo- K'orristown 
rious rector continued to ply his pen with increased ardour, 

He completed his four volumes of Practical Discourses in 
1698, and his Letters concerning the Love of God^ addressed 
to Mrs Astell, appeared in 1695. The subtle mystical ten- 
dencies of the writer’s mind come forth in the latter work 
with peculiar distinctness. He exalts sentiment above 
science, and feeling above reason. He insists on the ab- 
solute exclusiveness of the love of God, and its incompati- 
bility with any possible earthly affection as an end in itself. 

These opinions he had afterwards occasion to re-assert and 
vindicate. A very able work from Norris’s pen, entitled 
An Account of Reason and Faith^ in relation to the Mys^ 
ten'ies of Christianity, appeared in 1697, in answer to the 
Christianity not Mysterious of the deistical writer John 
Toland. Perhaps none of the author’s writings would be read 
with so much interest at the present day as this one. His 
discussion of the grounds and merits of the rationalism of that 
period was so thoroughgoing, that the more modern forms 
of doubt are in a great measure anticipated. None of our 
modern writers have marked off with a more bold and 
steady hand the respective provinces of Reason and Faith, 
whether in the region of natural or supernatural truth. 

And a truly earnest inquirer, with any adequate apprecia- 
tion of the real significance of sound speculation, will find 
more satisfaction in Norris’s book — ^now all but forgotten — 
than in nine-tenths* of all the treatises, pretentious and 
otherwise, addressed to the thinking public of the present 
day. The human Reason, according to Norris, is not co- 
extensive with absolute truth, and Faith occupies the bor- 
der-land between the known and the unknown, the hidden 
and the revealed. Each faculty has accordingly a legiti- 
mate and inalienable sphere of its own, which can only be 
usurped at the peril of intellectual and moral disorganiza- 
tion. The work, however, by which Norris is best known 
to the philosophical world is one of less real merit than the 
former, but occupied with a subject of capital interest to all 
metaphysicians. He was one of the very first, as has 
already been observed, to raise his protest against the ap- 
parent sensationalism of 'Locke; and after meditating the 
subject for seven years, Norris came before the public in 
1 701 with an elaborate defence of idealism, in An Essay 
toibards the Theory of the Ideal or Intelligible World, 

The second part appeared in 1704. This work is in effect 
a defence and development of the philosophy of Male- 
branche, whom Norris styles “ the great Galileo of the in- 
tellectual world.” It displays wide reading and vigorous 
thinking, and is written in a clear, forcible style. His next 
work was A Philosophical Discourse concerning the Na- 
tural Immortality of the Soul, published in 1708, defend- 
ing that doctrine, with great ability and moderation, against 
the hostile criticism of Dodwell. With the exception of 
small treatises on Humility (1707) and Christian Prudence 
(1710), and other minor pieces on practical subjects, this 
work may be regarded as the last of this industrious and 
able writer. His health, which had never been very robust, 
ultimately gave way under the ceaseless pressure of active 
labour ; and after lingering for some time, he died at Be- 
merton in 1711, at the age of fifty-four, 

NORRISTOWN, a town of the United States of North 
America, state of Pennsylvania, stands on an elevated spot 
on the left bank of the Schuylkill, 91 miles E. of Harris- 
burg, and 17 N.W. of Philadelphia. It is regularly laid 
out, and well built of stone and brick. There is a hand- 
some court-house, begun in 1851, of light-gray marble; a 
prison, a bank, a public library, nine or ten churches, and 
several large boarding-schools. The river, which is here 
crossed by two bridges, supplies moving power for two 
large cotton factories and other manufacturing establish- 
ments, which employ a great number of hands. The trade 
of the place is considerable, and is increased by the naviga- 
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North, tion of the river, and by railways extending to Philadelphia 
on either side of it. Pop. (1850) 6024. 

NORTH, 3 r Dudlett, styled by Macaulay “ one of the 
‘ ablest men of his time,” was the third surviving son of 
Lord North, Baron of Kirtling, and was born on the 16th 
May 1641. He received at Bury and at a writing school 
in London an education which fitted him for a mercantile 
life. Being then bound to a Turkey merchant, he was 
soon afterwards sent out to Smyrna as a factor. The 
young trader began his career with a scantily-stocked ware- 
house, but with a determination to make a fortune which 
might enable him to close his days in ease and luxury at 
home. Though naturally fond of frolic and pleasure, he 
kept himself apart from profligate companions, lived with 
the most careful thrift, and turned all the faculties of his 
powerful mind upon the duties of his calling. But it was 
not until in course of time he had been engaged to take 
the management of an embarrassed factory at Constanti- 
nople that lie obtained any prospect of success. After 
collecting the debts of his employer, he established himself 
in a factory of his own, and began to achieve success by 
an artful system of policy. He sought the acquaintance 
of the various foreign ambassadors at Constantinople ; he 
did not hesitate to conciliate the Turks by accommo- 
dating bis conduct to their superstitions ; and he employed 
all the strategems of trade with an ability which the most 
wily Jew could not overreach. The result was, that in 
1680 the great object of his life had been gained, and he 
was on his way home to England. Dudley North had not 
been long settled in London when his profound knowledge 
both of the theory and practice of commerce was the means 
of introducing him into public notice. He was advanced 
to the office of sheriff, and proved himself a most efficient 
and unscrupulous tool of the dominant Tory faction. His 
services were rewarded with a knighthood, an alderman’s 
govt/n, and the post of a commissioner of the customs. Re- 
turned to Parliament for Banbury in 1685, he rendered 
himself unfavourably distinguished by proposing and carry- 
ing a tax on sugar and tobacco. But the most permanent 
cause of his reputation was the publication, in 1691, of his 
JDiscou?'ses on Trade, a work which is said by Mr McCul- 
loch to contain a much more able statement of the true 
principles of commerce than any that had then ap- 
peared’^ The author died on the 31st December of the 
same year. 

North, Francis, Baron Guildford, Lord Keeper of the 
Great Seal, was the elder brother of the preceding, and 
was born on the 22d October 1637. Prom the school of 
JBury he passed, in 1653, to St John’s College, Cambridge, 
and after studying there for two years as a fellow com- 
moner, he became a member of the Middle Temple. 
Young North began his legal career with all that concen- 
tration of purpose which distinguished his family. His 
volatile disposition and his passion for pleasure were kept 
in check ; and, setting himself doggedly to the study of law, 
he endeavoured to subject all his propensities to the calm 
control of self-interest. The same line of policy was pur- 
sued when he had been called to the bar in 1661, and 
began to travel the circuit. No kind of influence was 
thought too insignificant to be won. He truckled to the 
prejudices of the judges ; fawned upon those whose hands 
were full of briefs ; and sometimes chose to ride and starve 
with a certain miserly serjeant named Earl, in order that 
he might draw from the large experience of his fellow-tra- 
veller an account of all the tricks and subtleties of law. 
By such means the time-serving aspirant soon acquired a 
proficiency and reputation which combined to lead him on 
to the highest legal preferments. He was appointed soli- 
citor-general in 1671, attorney-general in 1673, and lord 
chief justice, of the Common Pleas in 1675. At length, 
in 1682, the Great Seal was intrusted to his keeping. In 
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this high position, where lie was the object of general atten- North, 
tion, and at this time, when the political world was torn V— 
into two factions, North stood prominently out as the most 
temporizing of the TTrinixners. With that low species of 
tact which cowardice supplies, he shunned every occasion 
and every company where h e might be betrayed into an 
express stateaient of his political creed. The letter of the 
law was the moral code by which he justified his public 
conduct, and allegiance to the sovereign was the virtue 
with which he covered Lis private bearing. It was only 
when he was sinking into the grave amid general neglect 
and distrust, that he first showed courage, by w^lrning the 
infatuated James II. of the ruin towards which the govern- 
ment was tending- His death took place on the 5th Sep- 
tember 1685. 

The Lives of Dudley an(3 Francis North, and of Dr 
John North, a younger son o#‘ the same family, written by 
their brother Iloger North, were j)ublished in 2 vols. 4to, 
1740—42, and republiehed in ^ vols., London, 1826. The 
biographer, although a partial^ self-conceited gossip, and a 
bigoted Tory, unconsciously blabs out now and then many 
little circumstances which silently cancel his absurd eulogies, 
and exhibit his heroe^s in their real characters. (See also 
Campbell’s Li'ves cj tJie Ckmeellors, and Macaulay’s His^ 
tory of Enylarzd) 

North, JBarl of Guildford, the favourite minis- 

ter of George III., was of the same family as the preced- 
ing, and was bom on the 13th April 1733. After receiv- 
ing his education a.t Eton, and at Trinity College, Oxford, 
he resided for sorae time on the Continent preparing him- 
self for his future career. An early entrance into Parlia- 
ment was followed by a gra.dual rise through several cabinet 
offices, until in 11S9 h e became chancellor of the exche- 
quer, and leader of the House of Commons, under the 
ministry of the Duke of G rafton. His success in this high 
position soon proved that he was a proficient in parliamentary 
strategy. Accordingly, on the resignation in 1770 of the 
nobleman at the head of the ministry, he was requested to 
assume the vacant office. The readiness with which North 
obeyed the request, and relieved the embarrassed mind of 
the king, made him a. great favourite with George IIL, 
as he was already with the House of Commons. Yet the 
administration so auspiciously begun soon became remark- 
able for the calamities £ t brought upon the nation, and the 
strong and malignant opposition it excited. The refusal 
of the ministry to relieve fche American colonists from the 
paltry duty on tea, led to disturbances in 1 773 which issued 
in open rebellion in 177 o. Then the Whig Opposition, led 
on by Burke and Pox, cormnenced a series of the most 
virulent attaxb that had ever been witnessed in the British 
senate-house. Not content with execrating the public 
policy of the minister, they blackened his private char- 
acter, cast taunts upon Ills capacity, raked up every family 
scandal, and even clamoured for his head. The Parliament 
hall resounded vvith the most con fused and boisterous wrangJ" 
ling. Y et on many a stormy night Lord North fought almost 
single-handed against has great adversaries, meeting their 
bold measures with, his co^xisummate tact, counteracting 
the effect of their grand rhetorical displays with his strong 
common sense, and blumting' the edge of their satire with 
his pungent wit and impertuirbable good humour. For^six 
years he thus kept his greun d triumphantly- By that time, 
however, affairs were berginuing to draw towards a crisis. 

The British were shamefijlly fkiliwg in their attempts to sup- 
press the Americans ; F lance aud Spain liad espoused the 
cause of the colonists j thae public were waxing loud in their 
indignation agaiasttbenainis try; and in 1781 William Pitt, 
entering Parliament, consummated the oratorical strength of 
the Opposition. LfOrd North, though he still held his original 
opinion regarding the jmstice of the American war, would 
then willingly have resigned. But he was repeatedly induced 
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Northaller- by the opinionative king to pursue, in opposition to his 
ton inclination, that administration which was endangering the 
N safety of the country. At length, in 1782, he was forced 
^ pla.ce to Lord Rockingham, The rest of the parlia- 

^ ^ *j mentary career of Lord North did not retrieve his political 
^ reputation. Though the celebrated coalition which he 
formed with Fox overthrew the ministry of Lord Shel- 
burne and Pitt, and raised him in 1783 to the post of secre- 
tary of state under the Duke of Portland, yet it became 
universally unpopular, and did not keep him in power for more 
than six months. , This was the last time that North was 
in office. He died in 1792, five years after he had been 
struck with blindness, and two years after he had succeeded 
to the family estates and to the title of the Earl of Guild- 
ford. (For fuller information regarding the administration 
of Lord North, see Britain. See also Lord Brougham’s 
Statesmen of the Time of George 

NORTHALLERTON, a parliamentary borough and 
market-town of England, capital of the North Riding of 
Yorkshire, on an affluent of the Whisk, 32 miles N.N.W. of 
York, and 225 N.N.W. of London. It consists of a prin- 
cipal street, broad and well paved, and numerous lanes 
diverging from it. The parish church is large, in the form 
of a cross, and has a square tower at the west end. There 
are also chapels belonging to Independents, Wesleyans, and 
Primitive Methodists, Baptists, and Quakers ; and several 
schools and charitable institutions. One of the latter, 
called the Maison Dieu, was founded in 1476, and has 
since been rebuilt. Northallerton has a market-house 
near the centre of the town, a jail built after the plan of 
Howard, and a court-house. There are here flour-mills, 
tanneries, brick-kilns, breweries, malt-houses, and other 
manufactories. The market-day is Wednesday ; and five 
yearly fairs are held. In the neighbourhood of the town 
is a place called Standard Hill, where was fought, in 1138, 
the battle of the Standard, in which King David of Scot- 
land was defeated by the English. The borough of North- 
allerton returns one member to Parliament. Pop. (1851) 
4995. 

NORTHAMPTON, a parliamentary and municipal 
borough and market-town of England, standing on Ae 
north side of the River Nen or Nene, is probably the An- 
tona of Tacitus {AnnaL xii. 31) ; Lat. 52. 15. N., Long. 
0. 55. W., 67^- miles from London by the London and 
North-Western Railway. It is a place of great antiquity, 
and supposed to have been of British origin ; but the 
earliest mention of it is in the Saxon Chronicle, under the 
name of Hampton : in Domesday Book it is called North- 
antone. The castle, of which only some small portion of 
the walls and an arch of semi-Norman character remain, 
was built by Simon de St Liz, to whom William the Con- 
queror had given the town with the hundred of Fawsly. 
Several Parliaments were held here ; the first of these in 
1130-31, in the thirty-first year of Henry L; and the last, in 
the fourth of Richard 11. (1380), being that which origi- 
nated the poll-tax that occasioned the rebellion of Wat 
Tyler and Jack Straw. From its central situation, the 
town or its neighbourhood was fre(^uently the scene of con- 
flict during the civil wars both of earlier and later date. 
On July 10, 1460, a battle was fought here between 
Henry VI. and the Yorkists, &c., when the former was de- 
feated, and brought a prisoner into the town. In 1642 
Northampton received a garrison for the Parliament under 
Lord Brooke. , On March 30, 1645, Cromwell marched from 
it with 1500 horse and two regiments of foot to Rugby. 
After the Restoration, October 17, 1661, the walls of 
Northampton, with those of Coventry, Leicester, Gloucester, 
and Taunton, were demolished, these towns having taken 
the side of the Parliament. In ] 675 the town was almost 
destroyed by a fire in the short space of six hours ; L.25,000 
was collected by briefs and private charity towards repair- 
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ing the damage. Charles II. gave 1000 tons of timber Rorthamp- 
from Whittlewood Forest towards rebuilding All Saints’ 
church, and remitted the duty of chimney-money for seven 
years. In 1720 it was damaged by an extraordinary flood. 

In 1750 a violent shock of an earthquake was felt, which 
lasted nearly a minute ; and in 1776 another of shorter 
duration. 

The town is pleasantly situated on an eminence sloping 
to the south. Its general appearance is neat and clean. 

The older buildings are constructed of a brownish-yellow 
stone found in the neighbourhood, being the inferior oolite ; 
the modern houses are chiefly of brick or of a white stone 
(the great oolite) from quarries in the adjacent village of 
Kingsthorpe. The general style of architecture has 
nothing remarkable : numerous alterations of late years 
have been going on, chiefly in making more showy front- 
ages to the shops. The market-square is one of the largest 
in the country, being about 600 feet square. For the last 
twenty years the town has been rapidly extending, especially 
towards the N. and E. : on the outskirts a great number 
of new streets have been built, consisting of neat tenements 
adapted to the working-classes, which form a pleasing con- 
trast to those built at the commencement of the century. 

On the eastern side houses and villas of a more imposing 
aspect have been erected for the use of the gentry and 
more opulent tradesmen. The streets in general are well 
paved, and lighted with gas. 

Of the public buildings, the principal are — the general 
infirmary, established in 1747 ; the present building was 
erected in 1793, and affords accommodation for about 120 
patients. It has a medical library of 3000 volumes, and a 
splendid collection of anatomical casts, which are deposited 
in a separate building, containing also a convalescent ward 
for ten male and ten female patients. The general lu- 
natic asylum, about half a mile from the town in the same 
direction as the infirmary, was opened in 1838, and by sub- 
sequent enlargements is able at the present time (1858) 
to receive about 280 patients. It is a self-supporting in- 
stitution. The Royal Victoria Dispensary, established in 
1844 to commemorate the visit of her present Majesty to 
the town, is conducted on the provident principle, every . 
member above the age of fourteen subscribing one ' penny 
per week : twopence a week will admit a man and his wife 
and all his children under fourteen years old. The union 
workhouse, on the Wellingborough road, has accommoda- 
tion for 300 inmates. The county-hall, where the quarter 
sessions, the assizes, and county courts are held, is a good 
specimen of Italian architecture, contemporary with the 
later features of All Saints’ church. The town-hall is an 
ancient building, and retains a good deal of carved panel- 
ling from the time of Henry VII. to that of Elizabeth. 

Forty or fifty years ago alterations were made which dimin- 
ished the original capacity of the principal storey ; and the 
external staircase, which previously existed, was removed, 
and one within the building substituted. As it now stands, 
it is very inadequate to the wants of the town. The corn 
exchange, erected a few years ago, consists of one large 
hall, the interior of which has an imposing effect ; it is fre- 
quently used for musical performances, and has an excel- 
lent organ ; attached to it are the offices of the mechanics’ 
institute, which has a library of nearly 1 1,000 volumes, and 
now enrols 600 members. The Religious and Useful 
Knowledge Society, supported principally by members of 
the Established Church, occupies a building in another part 
of the town. It has about 1000 members. 

The town has seven churches — ^All Saints’, St Sepul- 
chre’s, St Peter’s, St Andrew’s, St Katherine’s, and St Ed- 
mund’s. The last three are of recent date. The old 
church of All Saints, which was considerably larger than 
its successor, was destroyed by the great fire of 1675 ; but 
th^ tower escaped, and was incorporated with the new 
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ISTorthamp- structure. Its style is the decorated, and the additions, in 
ton. defiance of all congruity, are in that Italian style which 
Inigo Jones and Wren had rendered fashionable, and, as 
such, have great merit. The interior of the church is 
strikingly beautiful. It contains a statue, by Chan trey, of 
Spencer Percival, many years a member for the borough. 
At the western entrance a portico extends the whole width 
of the church, consisting of twelve Ionic pillars supporting 
an entablature and balustrades. A statue of King Charles II. 
surmounts the centre ; he is represented in Roman costume, 
with a truncheon in his hand, and his head covered with a 
wig of ample curls. St Peter’s is a most interesting spe- 
cimen of early and richly-ornamented Norman work. The 
capitals of the columns of the nave are charged with curious 
sculptures in a high state of preservation. The tower arch 
also is elaborate, with chevron mouldings ; and some pilaster 
columns, on each side, are richly ornamented. Externally, 
also, the church has many interesting features ; the tower 
especially, which has buttresses of three semi-columns 
diminishing at each storey. St Sepulchre’s has a special 
interest as one of the four existing round churches built 
after the model of the Holy Sepulchre at Jerusalem. It 
hears evidence of having been erected at periods widely 
different : the circular part is Norman and early English ; 
the spire, a fine piece of work, is perpendicular. St Giles’ 
has a good Norman door at the western entrance, and the 
tower arch is of the same period. 

Of the places of worship belonging to the various non- 
conformist bodies, four belong to the Baptists ; five to the 
W esleyan, Primitive, and Associated Methodists ; three to 
the Independents; the Unitarians, Quakers, and Roman 
Catholics have one each. In Castle Hill Chapel, a mural 
tablet is erected to the memory of Dr Doddridge, who ex- 
ercised his ministry there for upwards of twenty years. A 
similar memorial is erected in the Baptist chapel in Col- 
lege Street to the memory of the Rev. John Ryland, 
who was minister there for thirty years, and was succeeded 
by his son, the late Dr Ryland, afterwards president of the 
Bristol Baptist College. 

St John’s Hospital, in Bridge Street, is a very ancient, and 
was at some period a very wealthy foundation. Its available 
revenues are now equal only to the maintenance of a certain 
number of aged women, some of whom have rooms in the 
building. The importance of the charity in early times 
is evident from the architectural features of the hospital 
still remaining. St Thomas’s Hospital was founded in 1450, 
in honour of St Thomas ^ Becket. It was first endowed 
for twelve poor widows ; to these six were added by Sir 
John Langham in 1684, and since then the numbers have 
been still further increased. 

In Marefare is the free grammar school, founded in 
1556 by Thomas Chipsey, a grocer of the town. Dr 
Thomas Cartwright, Bishop of Chester, and James Hervey, 
the author of the Meditations and other works, were edu- 
cated here. A free school, called the Blue-Coat School, 
was founded in 1700. There are also various parochial 
schools, and an excellent British school for boys and girls. 
The Sunday schools belonging to the Established Church 
and the different bodies of dissenters are numerous. 

The town is divided into three wards — east, west, and 
south ; and is governed by a inayor, six aldermen, and 
eighteen councillors ; besides nine justices of the peace, a 
recorder, and town-clerk. The borough has sent two mem- 
bers to Parliament from the commencement of the reign 
of Edward I. 

The coach-road to the metropolis, tlirough Newport- 
Pa^nell, Woburn, Dunstable, St Albans, and Barnet, has 
been superseded by the London and North-Western Rail- 
way, which is connected with Northampton by means of 
a branch line from Blisworth, making the distance 67^ 
miles. From Northampton {:he railway has l^een carried 
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eastward to Peterborough, and aline, entering the town at Northamp. 
the West Bridge, is also now in progress from Market- ton. 
Harborough, where it will join the line from Leicester 
to Hitchin. Before the formation of railways, coals and 
heavy goods were brought to Northampton by means of 
the Nen and a branch canal from the Grand Junction 
at Blisworth. Markets for the supply of meat and vege- 
tables are kept on Wednesdays and Saturdays ; the 
latter is also a cattle-market. About twelve fairs are 
held in the course of the year. That on September 19 is 
called the “ cheese fair.” The wool fair is held in the first 
week in July. The race-course is 117 acres in extent. 

The Northampton and Pytehley Hunt races are held in 
March, at the close of the hunting season. 

The barracks were finished in l796 for the accommoda- 
tion of cavalry, and are situated at a short distance from 
the race-course. 

The borough gaol was opened in 1846. It is con- 
structed on the separate system, and is capable of contain- 
ing eighty persons. The county gaol was opened in the 
same year, and is capable of receiving 150 prisoners. 

About a mile S. of the town, on the old London road, is 
one of the crosses erected by Edward 1. to the memory of 
his queen, Eleanor of Navarre. It is a work of great 
beauty, and in fair preservation, but the upper portion has 
long been wanting, and no record remains of its character. 

An entry in the expense rolls makes mention of five 
images, and it has been conjectured that the fifth (only four 
being required for the canopy) surmounted the monu- 
ment. 

The staple manufactory of the town is that of shoes, in 
which the great majority of the working-classes are en- 
gaged. A large proportion of the army contracts are exe- 
cuted here and in the adjacent town of Wellingborough. 
Stockings were formerly made here ; and the first stocking- 
frame used in Leicester was brought to that town in 1680 
by a person from Northampton named Alsop. Lace- 
making also was carried on to some extent, but it has 
almost entirely ceased. There are three extensive iron- 
foundries in Nortliampton. At Rushmills, about 2 miles 
from the town, is a paper manufactory which supplies the 
bank-note paper and the stamps for postage. The popu- 
lation has ra{)idly increased during the last fifty years. In 
1801 it amounted to 7220 ; in 1811 to 8427 ; in 1821 to 
10,844; in 1831 to 15,351; in 1841 to 21,242; and in 
1851 to 26,657. ‘ (j.E.n.) 

Northampton, a post-town and shire-town of Hamp- 
shire county, Massachusetts, one of the United States 
of North America. It stands on a hill near the west bank 
of the Connecticut River, 95 miles W. from Boston ; and 
consists chiefly of two streets laid out with considerable re- 
gularity. It contains several handsome public buildings, 
of which the court-house, jail, and one of the churches are 
the most conspicuous. I'he private houses are in general 
large and in a good style, and many of them are elegaijt. 
Northampton is one of the most beautiful towns in New 
England, and distinguished for the refinement and intelli- 
gence of its inhabitants. A stream passes near the centre 
of the town, on which are erected numerous mills and many 
manufactories. The rearing of the silk- worm has been car- 
ried on here for some time, and large quantities of silk, as 
well as cotton and woollen goods, are manufactured. Far- 
mington Canal extends from Newhaven to this place. A 
bridge, built in 1826, connecting this town and Hadley, is 
1086 feet in length by 36 in breadth, and is supported by 
six piers and two abutments. The lands bordering on Con- 
necticut River, in which are now the towns of Northampton, 

Hadley, and Hatfield, were first known by the Indian 
name NonotucL It was the third place settled on the river 
in this state, and was incorporated in 1654. Amongst the 
striking objects in the scenery of Northampton ‘are the 
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Korthamp- beautiful river, and the heights called Mount Tom and 
' tonshire. Mount Holyoke, the former being ] 200 and the latter 900 
feet above the river. Long. 72. 38. W., Lat. 42. 19. N. 
Pop. (1850) 5278. 

NOKTHAMPTONSHIRE, one of the midland coun- 
ties of England, bounded by a greater number of counties 
than any other like division of England, having on the N. 
the counties of Leicester, Rutland, and Lincoln ; E. those 
of Cambridge, Huntingdon, and Bedford ; S. those of Buck- 
ingham and Oxford ; and W. Warwickshire. It lies be- 
tween 51. 59. and 52. 40. N. Lat,, and 0. 8. and 1. 20. 
W. Long. It is about 66 miles in length ; the breadth in 
the widest part is 26 miles, in the narrowest not more than 
8 miles. Its extent is 630,358 acres, of which probably 
580,000 are arable, pasture, and meadow land. In 1841 
the population was 139,228; in 1851 it had increased to 
2l2,380, occupying 43,942 houses. 

In ancient British times this county was the most south- 
ern part of the Coritani ; by the Romans it was included in 
the province of Flavia Ccesariensis. The Roman roads 
Watling Street and Ermine pass through it ; the former on 
the S.W. from Towcester to Lilbourne, the latter enters by 
Castor, and branches off at Upton. In the Saxon period 
this county made part of the kingdom of Mercia. It suf- 
fered repeatedly and severely from the incursions of the 
Danes. Simon De St Liz, a follower of William the Con- 
queror, having received from his sovereign the town of 
Northampton to find shoes for his horses, fortified it, and 
built the castle at the west entrance. During the 12th 
century many councils were held at Northampton. The 
battle which decided the fate of Charles I. was fought at 
Naseby, J une 14, 1645. Besides an obelisk erected a mile 
to the east of the scene of action, the “ Sulby hedges” still 
remain as a more exact landmark. 

The whole of the county is within the diocese of Peter- 
borough, with the exception of three parishes, Gretton, Nas- 
sington, and King’s Sutton, which are in the diocese of Lincoln. 
It forms an archdeaconry, containing 293 parishes, of which 
172 are rectories, 93 vicarages, and 29 perpetual curacies. 

From the census of 1851, it appears that in this county 
there were at that time 592 places of worship, having in all 
151,687 sittings. Of these, 292 places of worship belonged 
to the Episcopalians, 122 to various bodies of Methodists, 
87 to Baptists, 56 to Independents, 6 to Quakers, 6 to 
Roman Catholics, 4 to Latter-day Saints, 3 to Moravians, 
and 16 to other bodies. The number of Sunday-schools 
was 426, with 33,614 scholars. Of the former, 257 be- 
longed to the Episcopalians, 68 to Methodists, 52 to Bap- 
tists, and 39 to independents. Of day-schools there were 
276 public, with 18,969 scholars; and 411 private, with 
7555 scholars. Of the public schools, 169 were supported 
by religious bodies, 88 by endow’ments, and 14 by general 
or local taxation. There were also 15 evening schools for 
adults, and 8 literary and scientific institutions. 

By the Reform Bill the county was divided into two 
divisions, N. and S., each containing ten hundreds, and re- 
turning two members. The election for the northern 
' division is held at Kettering, and the polling-places are 
Kettering, Peterborough, Oundle, Wellingborough, and 
Clipstone. The election for the southern is held at Nor- 
thampton, and the other polling-places are Daventry, Tow- 
cester, and Brackley. Two members are also returned for 
Peterborough, and two for Northampton. 

This county, although destitute of any bold or striking 
scenery, presents an agreeable variety of hill and dale, 
bearing those marks of cultivation which indicate industry 
and comfort on the part of the occupiers. The general ele- 
vation of the land is about 300 feet above the level of the 
sea ; and the highest point, Arbury Hill, in the neighbour- 
hood of Daventry, rises only to the height of 804 feet above 
sea-level. Owing to this absence of elevations, and to the 
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inland position of the county, it is less subject to heavy yorthamp- 
and continued rains than most parts of England. The tonshire. 
climate is mild and salubrious ; and the soil is generally 
rich and fertile. It is pretty equally divided for the pur- 
poses of tillage and grazing. Some of the farmers are 
great cattle-breeders, but the majority purchase beasts to 
fatten them for the market. Another agreeable feature is 
the great number of noblemen’s seats, and the mansions of 
the gentry, with the parks and plantations that adorn them. 

The woodlands are extensive, consisting chiefly of the re- 
mains of the royal forests of Rockingham, Salcey, and 
Whittlebury, with the chases of Geddington and Yardley. 

The ash is the staple timber tree of the county, and fetches 
a high price. 

The county is not remarkable for mineral productions- 
Limestone is abundant, and within the last few years the 
soil has been worked for ironstone in the neighbourhood of 
Northampton and along the line of the Peterborough Rail- 
way, and has been found to yield a tolerably large per- 
centage. Good clay for bricks and tiles is to be met with 
in many parts : there are also quarries for roofing-flags. 

The only navigable river in this county is the Nen, or 
Nene. It rises in the western part, flows across the county, 
and then runs N. till it enters the German Ocean by Lin- 
colnshire. The Welland rises at Sibbertoft, and forms a 
boundary between the county and Leicestershire and Rut- 
land. The other rivers, the Ouse, the Avon, the Severn, and 
the Charwell, which, like the tw^o former, have tlieir sources 
in Northamptonshire, are but inconsiderable rivulets till they 
enter the adjoining counties. Previous to the construction 
of railways the canals were important aids to inland traffic. 

The Oxford Canal connects the county with that city. The 
Grand Junction Canal, communicating on the one hand 
with London, and on the other with Liverpool and Man- 
chester, passes through the county, arid is navigable for ‘ 
barges of 60 tons burden. The Grand Union Canal con- 
nects it with Leicester. 

At the period of the Reformation the number of religious 
houses, including colleges and hospitals, amounted to nearl)^ 
sixty. Of the great abbeys, Peterborough is the only one 
that has been preserved entire ; to which may be added the 
collegiate churches of Fotheringay, Higham-Ferrers, and 
Irthlingborough. The principal monastic remains are to 
be found at Daventry, Canons’ Ashby, and Dingley. The 
county is rich in almost every style of ecclesiastical archi- 
tecture. As specimens of the early Norman style may 
be mentioned the churches at Earl’s Barton, Barnack, 

Brix worth, Brigstock, Castor, Spratton, Barnwell, and 
Twywell. Of ancient mansions the most deserving of 
notice are Castle-Ashby, the seat of the Marquis of Nor- 
thampton, of which the oldest part was built in the reign 
of Henry VIIL; and Burghley House, near Stamford, 
built by Queen Elizabeth’s lord treasurer, and now the 
seat of the Marquis of Exeter. Kirby Hall, near Rock- 
ingham, built by Sir Christopher Hatton, is now falling 
rapidly to decay, though habitable within the last half 
century. Althorpe, the seat of Earl Spencer, of uncertain 
date, but restored by the Earl of Sunderland in 1688, claims 
notice for its ipnagnificent library, formed principally by the 
grandfather of the present Earl (1858), being the richest 
in early printed works of any private collection in the 
world. Of the crosses erected by Edward I. in memory of 
his queen Eleanor which still remain, two out of three are 
in this county — one at Hardingstone, near Northampton, 
and the other at Geddington. 

Of celebrated persons, who were natives of this county 
or connected with it, the following may be mentioned : — 

Robert Brown, founder of the sect of the Independents, 
born at Tolthorp, in Rutlandshire; John Dryden and 
Thomas Fuller, born at Aldwinckle ; James Hervey, author 
of tlie MedilatmiSy born at Hardingstone, and died at 
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North Cape Weston Favell ; Bishop Wilkins; William Law, author of 
II The Serious Call, born at King’s Cliffe; Dr Doddridge, 

Northcote. London, but resident at Northampton, minister of 

the Castle-Hill Meeting-House, and tutor of the Dissenting 
Academy in that town ; Parkhurst, the biblical lexicogra- 
pher; Dr Paley; and Dr Carey, the missionary and ori- 
ental scholar, born at Paulerspury. ^ Two of America’s 
greatest sons were connected with this county. Franklin’s 
ancestors had a freehold estate of about 30 acres for at least 
300 years at Ecton, five miles from Northampton, where 
they carried on the trade of blacksmiths. General Wash- 
ington was the great-grandson of John Washington, of 
Sulgrave, who emigrated to America in 1637, and whose 
great-grandfather, Lawrence Washington, was mayor of 
Northampton in 1532 and 1548. At Northborough 
Oliver Cromwell’s wife died, and his favourite daughter, 
Elizabeth, married Sir John Claypole, the lord of the 
manor, the chapel of whose family remains attached to 
the parish church. At Abington, Shakspeare’s favourite 
grand-daughter, who married Sir John Bernard, lived and 
lies buried there. It would be unpardonable to omit the 
name of the late George Baker, whose History and Anti- 
quities of the county form a monument of the indefatigable 
researches and minute accuracy of the author ; and which 
his sister, Miss Baker, his faithful companion and fellow- 
labourer, by her ample Glossary of Northamptonshire (Lon- 
don, 1854) has made a lasting contribution to the history of 
our language. (j. e. e.) 

NORTH CAPE, the most northerly point of Europe, is 
situated in the island of Magerbe, separated from Norway 
by a narrow strait ; N. Lat. 71. 10., E. Long. 25. 46. It 
consists of a long range of steep rocks, about three-quarters 
of a mile broad, and 1200 feet above the sea. The geolo- 
gical structure of these rocks consists of gneiss, quartz, and 
other primary formations. On the E. side there is a small 
bay, hollowed out of the rock, which affords a landing-place; 
but at all other parts it is inaccessible from the sea. 

NORTHCOTE, James, an eminent English painter 
and writer on art, was the son of a poor watchmaker, and 
was born at Plymouth on the 22d October 1746. After 
receiving a scanty education, he was apprenticed at an early 
age to the trade of his father. He soon betrayed a decided 
love for painting, however, and some humble successes in 
portraiture induced him, after he had reached his twenty- 
first year, to abandon watchmaking, and to set up a small 
studio in his father’s house. The chief event which deter- 
mined the success of his after career was his introduction to 
Sir Joshua Reynolds in 1771, who received the young 
aspirant into his own house as one of his pupils. Northcote 
now entered upon a course of regular study, with an untiring 
enthusiasm which secured the approval and lasting kindness 
of his master. Late and early he was found either in the 
gallery of Sir Joshua or in the Royal Academy. At the 
expiry of his term of five years, the desire to look upon the 
great paintings of Italy occupied his mind. During tlie 
next year he plied his pencil in order to obtain money for 
liis travelling expenses ; and in 1777 he repaired to Rome, 
with a scanty purse and with no knowledge of any language 
except his own. It was his purpose to make portraitures 
the staple of his support, and to devote his leisure moments 
to the liigher and more congenial subjects of historical 
painting. Accordingly, during his sojourn of three years 
in Italy, the works of Titian and Michael Angelo were the 
chief objects of his study; and he flattered himself that he 
had caught the grand style of these great masters. Yet no 
sooner had he been removed from the daily inspection of 
Italian art, than he slid insensibly into an imitation of Sir 
Joshua Reynolds. 

On his return to London in 1780, Northcote became a 
professional painter of portraits and history^ An air of pro- 
priety pervaded whatever he executed; his colouring, some- 


N 0 E 

what dull, and his drawing, stiff and defective, were redeemed Northern 
by a certain academic grace; and although he lacked the Circars 
highest gift of an historical artist — the power of conceiving || 

an entire scene in all its details — his knowledge of what a 
picture ought to be enabled him, after much careful correc- 
tion and elaboration, to portray an event with feeling and 
clearness. A love of money combined with a love of art 
to keep him constantly before his easel. If his merits were 
not always recognised, it was not because he was too modest 
to display and avow them; and if his rivals sometimes 
threw him into the shade, it was because his contemptuous 
taunts and depreciating criticism failed to prevent them 
from rising. His services were soon hired by Alderman 
Boydell, a munificent patron of the fine arts, and the origi- 
nator of “The Shakspeare Gallery.” Northcote was 
thus enabled to concentrate all his attention upon that 
branch of the art most congenial to his taste. The first 
paintings that he executed for his employer were, “ The 
Murder of the Royal Children in the Tower,” “ The Death 
of Wat Tyler,” and “Arthur and Hubert;” and these at 
once established his reputation. The Royal Academy 
elected him a member in 1787, and he was welcomed into 
his seat by the president, his kind old master, Sir Joshua. 
Although, in a short time afterwards, the failure of Boydell 
threw him back upon portraiture, his fortunes did not cease to 
rise. Numerous sitters flocked to his studio ; commissions 
for poetical and historical pieces occasionally dropped in ; 
and in 1791 his earnings, which had been hoarded up with 
the utmost care, were fast swelling into a handsome com- 
petence. His fame, however, began to decline ; his 
portraits could not stand comparison with the masterpieces 
of Lawrence, whicli were now beginning to come into the 
field; and all his open depreciation of his young rival could 
not prevent the public from thinking so. He tried moral 
painting in 1796, in the “Modest Girl” and the “Wanton,” 
but found be could not compete with Hogarth. Falling 
back upon history, he produced “The Earl of Argyll in 
Prison,” and “ The Vulture and Snake.” But the golden 
age of historical painting was passing away, and his own 
hand, weakened by age, was gradually forgetting its cun- 
ning. Last of all, he tried book-making, and in 1813 pub- 
lished a life of Sir Joshua Reynolds, which was chiefly 
valued on account of the sayings and anecdotes which it 
preserved. It was while the reputation of Northcote had 
thus failed to be sustained by himself^ that it was revived 
by his newly-acquired friend, the celebrated William 
Hazlitt. The two acquaintances had frequent intercourse ; 
the painter vented his pungent remarks and cutting gibes 
while his hand plied the brush mechanically, and the writer 
noted down the conversation as it proceeded. The result 
was, that the sayings of Northcote were published by 
Hazlitt in periodical sections in the New Monthly Magazine, 
under the title of Boswell Redivivus, The popularity 
which that series of papers secured confirmed the bond 
between the chronicler and his hero. A large work in 2 
vols. 8vo, entitled Titian and his Times, was thus produced 
between the two in 1830. This was the last eftbrt of 
Northcote. He died on the 13th July 1831. (Cunning- 
ham’s Lives of Painters, &c.) 

NORTHERN CIRCARS. See Circars, Northern. 

NORTH SEA, or German Ocean, a part of the 
Atlantic Ocean, lying between Great Britain on the W. 
and Denmark and Norway on the E.; extends from N. Lat. 

51. to 61., E. Long. 2. 30. to 7. 30. Its length is about 
700 miles, its breadth about 420 miles, and its area about 
270,000 square miles. Near the coasts of Norway, which 
are steep, and, though indented by deep fiords, send but few 
streams to the sea, the depth is the greatest^ being about 
190 fathoms; while the average depth of the whole sea is 
only 31. On the low southern shores the Elbe, Weser, 

Rhine, and Scheldt, which here discharge themselves, have 
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Northum- carried down immense quantities of sand, which have made 
berland. the southern portions of the sea comparatively shallow; 
while on the coast of Great Britain the same effect, though 
to a less extent, has been produced by the Thames, the 
Ouse, the Humber, the Tyne, the Forth, and the Tay. 
The centre of the sea is occupied by several large sand- 
banks, the principal of which are, one extending from the 
Firth of Forth 110 miles to the N.E., another stretching 
nearly as far N.W. from the mouth of the Elbe, and the 
Dogger Bank, which lies between N. Lat. o4. 10. and 
57. 24., E, Long. 1. to 6. 7. The North Sea has also some 
remarkable deep holes, such as the Little Silver Pit, off the 
Yorkshire coast, the Great Silver Pit, and the North North- 
EastHole. The seaaboundsin fish, especially cod, hake, ling, 
turbot, soles, mackerel, herring, &c. ; and fishing is exten- 
sively carried on, both on the different shores of the sea, and 
on the Dogger Bank, where cod is obtained. The tides in 
this sea are formed by the great wave of the Atlantic which 
passes round the S. and N. of the British Islands. The 
tide- waves from the N. and S. meet on the coasts of Jut- 
land, where the tides nearly neutralize each other. On 
entering the North Sea the height of the wave is about 12 
feet ; but the form of the shore, the nature of the bottom, 
and the direction in which it meets the land, cause it to vary 
somewhat in height at different places, and on the Humber 
it rises to 20 feet. The islands in this sea are of insignifi- 
cant size, and are three in number — Heligoland, off the 
Elbe ; the Isle of May and the Bell Rock, in the Firth of 
Forth. On all these, and on many other points, light- 
houses have been erected. The North Sea is connected 
with the English Channel by the Straits of Dover, and with 
the Baltic by the Skagerrack, the Cattegat, , the Great 
Belt, the Little Belt, and the Sound. 

NORTHUMBERLAND, an extensive county in Eng- 
land, situated on its northern extremity, upon the borders 
of Scotland, from which it is separated partly by the River 
Tweed, which, during the latter part of its course, flows 
between this county and Berwickshire, and partly by a line 
supposed to be drawn over the mountainous region on the 
W. and N.W., where it meets with Roxburghshire. The 
other boundaries are the German Ocean on the E., Durham 
on the S., and Cumberland on the W. On the N. are two 
small districts called Norhamshire and Islandshire, which, 
though belonging by their situation to Northumberland, 
formed a part of the county of Durham, along with another 
tract called Bedlingtonshire, on the S.E. By a recent act 
of Parliament these have been united to Northumberland, 
and the Tweed has thus become the northern boundary of 
the county. The town of Berwick, also on the N. of the 
Tweed, has been added to Northumberland for election 
purposes, but has still a separate jurisdiction, with a sheriff 
of its own. Lindisfarne, or Holy Island, on the N.E. 
coast, which in like manner belonged to Durham, is situated 
about two miles from the mainland, opposite to the mouth 
of the brook Lindis, and accessible to all kinds of convey- 
ance at low -water. Although about nine miles in circuit, 
it contains little more than 1000 acres, the half of which is 
sand-banks. In this view, Northumberland is situated 
between 54. 48. and 55, 42. N. Lat., and between 1. 25. and 
2. 41. W. Long. Its greatest extent from N. to S. is 64 
miles, and from E. to W. it varies from about 46 miles, 
which is its usual breadth between the River Tyne on the 
S. and the Coquet on the N., till it terminates at the town 
of Berwick on the N., in a breadth of only 5 or 6 miles. 
The area is 1952 square miles, or 1,249,299 acres. Nearly 
one-third of the county is scarcely capable of beneficial 
cultivation. 

It is divided into six wards, namely, Tyndale, Coquetdale, 
Glendale, Baraborough, Morpeth, and Castle; the first 
three comprising the western and mountainous district, and 
the second three the coast lands on the E. Besides these, 


Northumberland includes the county of Newcastle. The Northum- 
maritime wards, though extending over only one-fourth of beriand, 
the county, are by far the most wealthy and populous, 
owing chiefly to the great coal-works in Castle ward, near 
the town of Newcastle, and along the banks of the Tyne. 

It contains five deaneries and seventy- three parishes, all of 
which are in the archdeaconry of Northumberland and 
diocese of Durham. 

All the western side of this county is mountainous, from 
the boundary of Durham on the S. almost to the valley of 
the Tweed on the N.; but this extensive tract, comprising 
more than a third of the whole area, is not all of the same 
character. The northern, or Cheviot Hills, extending to 
about 90,000 acres, being for the most part green nearly to 
their summits, comprehending many narrow but fertile 
glens, and affording excellent pastures for the breed of sheep 
to which they have given their name; whilst those to the 
W. and S. are, in general, open solitary wastes, covered 
with heath, and of very little value. Along the coast, from 
the mouth of the Tyne to that of the Tweed, the country 
is, with few exceptions, level and rich, with a soil which, in 
some places, is a strong clay, and in others a dry loam, but 
almost everywhere very productive, under the enlightened 
system of cultivation which prevails so generally throughout 
Northumberland. The climate of Northumberland is 
colder, and the time of harvest later, than in the more 
southerly parts of England. The western and upland 
regions are cold and bleak ; but near the sea, although chill 
east winds sometimes prevail, the temperature is consider- 
ably milder and warmer. The coast is generally low, and 
has numerous bays and headlands ; while near to the main- 
land there are several small islands which are included in 
the county. 

The principal rivers of the county are the Tyne, Blyth, 
Wansbeck, Coquet, Ain, and the Tweed, all of which fall 
into the sea, carrying with them the tribute of many smaller 
streams. The Till, which empties itself into the Tweed, 
is also a considerable rivulet. The Tyne and the Tweed 
are by far the most important, the tide flowing up the for- 
mer 16 miles, and up the latter 8 or 10 miles; whilst 
the navigation of the other rivers is confined to a small 
distance from their mouths. Both of these have long been 
celebrated for their salmon fisheries, which are, however, 
much less productive than formerly. Those on the Tyne 
barely supply the local consumption, but the Tweed 
fisheries afford a valuable article of trade with London, to 
which the fish are sent packed in pounded ice, by which 
means they are presented in the market in nearly as fresh a 
state as if they had been newly taken from the water. 

Northumberland has long been distinguished for its sub- 
terranean treasures, which are the main source of its wealth 
and cause of its populousness. Of these, coal, which abounds 
in most parts of it, is by far the most important. Ic is of 
the best quality in the south-eastern quarter, on the banks 
of the Tyne, whence those vast quantities are exported 
which supply the great consumption of the metropolis, as 
well as other British and foreign ports. The coal is all of 
the kind called “caking coal,” which melts and runs 
together in the fire, and, when of the best quality, leaves 
very little ashes. Calculations have been made as to the 
extent of this tract, the quantity of coal which it may con- 
tain, and the period when it must be exhausted ; but upon 
this latter point there is a great difference of opinion, some 
estimating that the supplies must cease in three hundred 
years, some not in less than eight hundred, whilst by others 
it is held to be almost inexhaustible. Of the coal found 
in Bamborough, Islandshire, and Glendale ward, the seams 
are in general thin, and the quality inferior, not caking nor 
burning to a cinder, but yielding a great quantity of ashes. 

This is used only for home consumption and for burning 
limestone, a purpose for which it is well adapted. Through 
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Nortlmm- all this district coal and lime are generally found together: 
berland. but the south-eastern quarter, which is so rich in coal, is 
destitute of limestone. Lead ore abounds in the mountains 
on the S.W., particularly towards the head of that branch 
of South Tyne called Allendale, where it has long been 
wrought to a considerable extent. Iron ore is found in 
many parts; stone marl near Tweedside, shell marl in 
Glendale ward, and various sorts of sandstone or freestone 
are obtained in almost every quarter, some of it affording 
tolerable flags for roofing and for floors. In the sand- 
stone quarries excellent grindstones are obtained, and a 
great many are exported. 

The agriculture of Northumberland is an object wliich is 
only second in interest and importance to its coal-works. 
Almost all those branches of rural economy for one or 
more of which other districts are celebrated, may here be 
found combined into one system, and conducted upon the 
same farms. One finds here, in great perfection, the Lei- 
cester and Southdown sheep and the short-horned cattle of 
Durham and Yorkshire; the turnips of Norfolk, cultivated 
t]pon the drill system of Scotland ; the well-dressed follows 
of East Lothian and Berwickshire; and that regular alter- 
nation of tillage and grazing which is, of all other courses 
of cropping, the one best adapted to sustain, and even to 
improve, the productiveness of the soil These remarks 
apply in an especial manner to the northern part of the 
county, where the farms are in general large, and the occu- 
piers men of education and liberal acquirements. This 
quarter has been long distinguished as a school of agricul- 
ture, to which pupils are sent, some of them gentlemen of 
fortune, from various parts. The common period of leases, 
at least in the northern district, is twenty-one years, 
although many are shorter, and upon a few estates no leases 
are granted. By the account taken for the purpose of 
levying the property-tax in the year 1843, it was found 
that the annual value of the real property amounted to 
L. 1,542,434. It may be worthy of remark here, that at the 
seat of the Earl of Tankerville, called Chillingham Castle, 
there still exist in the forest some remains of the herds of 
wild cattle which are supposed to have formerly abounded 
in this island, and to have been the origin of our race of cows. 

This county is traversed by two principal lines of rail- 
way, extending from Newcastle, the one northwards along 
the coast to Berwick, and the other westwards to Carlisle. 
The length of the former, which is entirely in Northum- 
berland, is 66 miles, while the latter extends 41 miles before 
it leaves the county. There are also shorter lines con- 
necting Newcastle with North Shields, Tynemouth, and 
Blyth. 

Northumberland is not eminently a manufacturing 
county. Some wool-combing is carried on at Hexham, and 
some thread is spun in the villages; but the chief branches 
of manufacturing industry are those that depend upon the 
collieries, and are chiefly carried on within and around the 
town of Newcastle, to which head in this work the reader 
is referred. 

Of all the English counties none is so rich as this in re- 
mains of the Roman era. Among these, the most important 
is the famous wall built by Agricola against the Piets, and 
subsequently repaired and improved by Hadrian and Se- 
verus. It extends across the S. of the county from the 
Tyne to the Solway Firth. There is a great Roman 
road running northwards through Northumberland into 
Scotland ; and there are, besides, many Roman camps and 
stations. 

The population of the county at the six decennial enu- 
merations has been' as follows: — In 1801 it amounted to 
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168,078, in 1811 to 183,269, in 1821 to 212,589, in 1831 Kottli-" 
to 236,959, in 1841 to 266,020, and in 1851 to 303,568. Paa- 
The number of inhabited houses in 1851 was 47,737. 
Northumberland contained, in 18ol, 488 churches, with 
136,066 sittings. Of these, 154 belonged to the Church 
of England, 198 to Methodist sects, 68 to Presbyterians, 

20 to Roman Catholics, and 14 to Independents. There 
were also 359 Sunday schools — 131 Episcopalian, 115 
Methodist, 55 Presbyterian, and 18 Independent. The 
number of scholars was 29,687. Of ordinary schools there 
were 642, with 37,289 scholars. 

The title of Duke of this county belongs to the family of 
Percy, which passed into tlie female line in the last century. 

The Earl of Carlisle derives his second title from the town 
of Morpeth. This county is included in the northern circuit. 

The assizes are held at Newcastle thrice a year, and the 
quarter-sessions successively at Newcastle, Morpeth, Hex- 
ham, and Alnwick. For the purposes of election two divisions 
are formed, each returning two members. The elections for 
the northern division are held at Alnwick, and the polling- 
places are, besides tliat town, Berwick, Elsdon, Morpetli, 
and Wooler; for the southern they are held at Hexham, 
and the other polling- places are Bellingham, Haltwhistle, 
Newcastle, and Stamfordham. Besides Newcastle and Ber- 
wick, each of which returns two members, Morpeth, wdiich, 
previous to the Reform Bill, had two members, still retains 
one. By the same act one member was given to the 
borough of Tynemouth, which includes the town of North 
Shields, with a considerable rural district around it. 'Die 


towns containing 

more than 2000 inhabitants, with their 

population in 185 J 

, were the following : — 


Newcastle 


6231 

Tynemouth 


4601 

Berwick 

15,094 Blyth 


Morpeth 




The noblemen’s and gentlemen’s seats are generally 
handsome edifices, but those especially xvortliy of mention 
are Alnwick Castle, the residence of the Duke of Nor- 
tbumberlaiul, and Chillingham Castle, that of the Earl of 
Tankerville. Alnwick Castle is at present undergoing 
most extensive improvements at an enormous cost, wliich, 
when completed (in about 1860), will render it the most 
complete and magnificent baronial residence in England, 
Lord Ilavensworth resides at Eslington Park during a por- 
tion of the year, but his principal seat is Ilavensworth 
Castle, in the county of Durham. Howick Hall is a hand- 
some building by Paine, under whose superintendence 
many of the mansions of the Northumbrian gentry were 
rebuilt about the middle of the last century. Baniburgh 
Castle, an ancient royal fortress, and the seat of tlie 
Northumbrian kings during the Pleptarchy, came into the 
possession of Nathaniel, Lord Crewe, Bishop of Durham, 
who left extensive estates to trustees for charitable purposes. 
The castle has been restored and fitted up for the occasional 
residence of the trustees. Ford Castle was rebuilt about a 
century ago by the late Lord Delaval. It is now the 
property of the Marquis of Waterford, whose agent occupies 
the castle. The modern additions are in bad taste, but 
there are interesting remains of the ancient fabric, long the 
residence of the noted border family of Heron. The re- 
mains of castles now in ruins are Norham, Etal, Dunstan- 
burgh, Warkworth, Prudhoe, Langley, and Thirlwall, with 
many others of minor importance. Of Wark and Mitford 
litde remains but the foundations. Bothal has been fitted 
up as a residence for the agent of the Duke of Portland ; 
and Morpeth for the agent of Lord Carlisle. (jr.H.) 
NORTH-WEST PASSAGE. See Polar RkgioxNS. 
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The North-Wester Provinces of Bengal form one of 
the great political divisions of Hindustan, comprehending 
a vast tract of territory, and constituting a sort of vice-pre- 
sidency under the chief government of India. The ad- 
ministration is conducted by an officer, bearing the title of 
lieutenant-governor, who is appointed by the governor- 
general in council. These provinces, intersected by the 
Jumna and the Ganges, lie between Lat. 23. ol and 30. 
26., Long. 7o. 20. and 84. 40. ; and are bounded on the N. 
by the Deyra Dhoon, Kuraaon and Nepaul ; on the £. by 
Nepaul, Oude, and the lower provinces of Bengal ; on the 
S. by the lower provinces of Bengal and the native state of 
Bewail ; and on the S.W. by Bundelcund, Scindia’s terri- 
tory, and Rajpootana. The whole territory, comprehending 
an area of 76,190 square miles, with a population, ac- 
cording to the census of 1852-53, of 30,473,927, is dis- 
tributed into six divisions and thirty-three districts. In 
the following list the names in capitals are those of the 
provinces, the others of districts. But there are districts 
also bearing the same name as the provinces, except in 
Rohilcund. The order is from north to south. 


1. MEERUT, 

2. Dehra Dhoon, 

3. Saharunpore, 

4. Mozuffurnusfgar, 

5. Boolundshuhur, 

6. Allygurh. 

1. DELHI, 

2. Bhuttlana, 

3. Paneeput, 

4. Hurreeanuh, 

5. Rohtuk, 

6. Goorgaon. 


ROHILCUND, 1. ALLAHABAD, 

1. Bijnoup, 2. Cawnpore, 

2. Moradahad, 3. Futtehpore, 

3. Budaon, 4. Humeerpore and 

4. Bareilly and Calpee, 

Pillibheet, 5. Banda- 

5. Shahjehanpore. BENARES, 

1. AGRA, 2. Goruckporc, 

2. Aluttra, 3. Azimghur, 

3. Purruckabad, 4, Jaunpore, 

4. Mynpoori<‘, 6, Mirzapore, 

5. Etawah. 6. Ghazeepoxe. 

Under the general arrangement for the government of 
India (3d and 4tli William IV., cap. 85), the then existing 
Presidency of Bengal was to be divided into two Presi- 
dencies, — one retaining die previous name, the other to be 
called the Presidency of Agra. This plan, however, was 
not carried out ; and by an act subsequently passed (5th 
and 6th William IV., cap. 52), power was given to the East 
India Company to suspend its operation, and to the go- 
vernor-general in council to appoint, during such suspen- 
sion, a lieuLenarit-governor of the north-west provinces, 
exercising his powers within an extent of territory to be 
defined by the authority from whom he received his ap- 
pointment, and witli such limitations as the same authority 
might deem fit. Agra is the seat of the government thus 
established, from which circumstance the officer adminis- 
tering it is usually styled the Lieutenant-Governor of Agra. 
In addition to the limits above defined, the jurisdiction of 
this functionary extends over some considerable tracts de-» 
nominated the non-regulation districts, comprising the 
Saugor and Nerbudda territories, the Butty territory, the 
districts of Gurwhal, Ajmere, &c. By the Act of the Go- 


vernor-General in council, dated the 9th of January 1858, Mutiny ot 
Delhi and Meerut, or some portions thereof^ were placed 1*^57. 
under the Chief Commissioner of the Punjab. 

As the great mutiny of the Bengal army in 1857, though Causes of 
extending in some instances to Lower Bengal, and other parts 
of India, w’as chiefly confined to the north-west provinces, 
the insertion of the present article seems to afford a fitting 
opportunity for giving a summary of the principal occur- 
rences connected with that extraordinary event. At the 
commencement of the year just mentioned a degree of un- 
easiness was first observed in a brigade of native infantry sta- 
tioned at Barrackpore, and the natives attached to the depot 
of musketry at Dum Dum, in the vicinity of Calcutta. A 
rumour had been insidiously spread that the sepoys were to 
be forced to embrace the Christian faith, and that as a prelude 
to the change, and with the view of entrapping the troops in- 
to a loss of caste, the government had given orders that the 
grease employed in the arsenal, in the manufacture of car- 
tridges for the new Enfield rifle, should be composed of the 
fat of pigs and cows. In using this description of cartridge 
one end is bitten off [wevious to loading ; and as the Moham- 
medan regards the hog as impure, while the Hindoo looks 
upon the cow as a sacred animal, it would be alike repug- 
nant to the religious prejudices of both creeds to apply the 
new ammunition to the mouth. The rumour appears to have 
been first put in circulation at Dum Dum. At this place a 
low-caste Hindu meeting a Brahmin se])oy, attached to the 
depot of musketry, solicited a draught of water from his 
lotah or drinking-cup. The Brahmin refused, observing, “ I 
have scoured my lotah, and you mil defile it by your touch.'* 

Caste V* was the taunting rejoinder, you think much of 
your caste, but wait a little ; you are all going to eat bul- 
lock's fat, and then what will become of your caste ?" The 
news spread rapidly through the cantonment, and soon ex- 
tended to Barrackpore. At both stations it produced a 
high degi*ee of excitement. An investigation into the 
matter was forthwith instituted under the orders of the 
government. In the course of the inquiry it was ascer- 
tained that hog's lard did not in any way enter into the 
composition of the grease. At the same time, it could not 
be satisfactorily shown from what description of animal the 
tallow was obtained ; and, as under this doubt it would have 
been impossible to convince the sepoys that the ingredients 
were of an inoffensive character, the government at once 
determined to remove all cause of objection by ordering 
the cartridges to be issued altogether free from grease. A 
notification was accordingly promulgated abolishing the use 
ot fat in the composition ; but as the application of some 
greasy substance was absolutely necessary for the purpose 
ot lubricating the bore of the rifle, the men were directed 
to apply with their own hands whatever mixture they might 
prefer. The alleged grievance being thus promptly re- 
dressed, and a fulL explanation of the matter having been 
made by the commanding officers, both at Dum Dum and 


^ The address to the troops by Major-General Hearsey, commanding at Barrackpore, is remarkable for its manly and straightforward 
character. In a letter to the government, dated the 11th February 1857, he observes, I must mention that 1 had the whole brigade 
paraded on Monday afternoon, the 9th, and myself energetically and explicitly explained, in a loud voice, to the whole of the meif the 
folly of the idea that possessed them, that the government or that their officers wished to interfere with their caste or religious preju- 
dices, and impressed on them the absurdity of their for one ffioment believing that they were to be forced to become Christians. I told 
them the English were Christians of the Book, Frotestants; that we admitted no proselytes hut those who, being adults, could read 
and fully understand the precepts laid down therein; that if they came and threw themselves down at our feet, imploring to be made 
** Book ’’ Christians, it could not be done ; they could not be baptized until they had been examined in the tracts of the Book, and proved 
themselves fully conversant in them, and then they must of their own goodwill and accord desire to become Christians of the Book ere 
they could be made so. I asked them if they perfectly understood what I said, especially the 2d Grenadiers; they nodded assent : I 
then dismissed the brigade. I have since heard from officers commanding regiments, that their native officers and men appeared quite 
(“koosh ”) pleased, and seemed to be relieved from a heaviness of mind that had possessed them.’’ 
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Mutiny Of at Barrackpore, the sepoys appeared perfectly satisfied that 
1867. no intention existed of interfering with their religious pre- 
judices. Shortly afterwards, however, a similar spirit of dis- 
content developed itself at Berhampore, a military canton- 
ment near Moorshedabacl. An escort party of the 34th native 
infantry from Barrackpore had made known to the sepoys of 
the 19th regiment native infantry stationed atBerhamporethe 
objections which had been urged against the new cartridges 
by their comrades at Barrackpore and Dum Dum; and 
though they had been apprised of the remedial measures 
whicli had been adopted, a conviction seemed nevertheless to 
be gaining ground that the government were steadily bent 
upon making the sepoys lose caste by forcing them to handle 
impure things* The men were consequently ripe for out- 
break. On the 26th of February the regiment was ordered 
to parade for exercise with blank ammunition. When the 
cartridges^ were about to be issued, the men, one and all, re- 
fused to receive them, upon the ground that the paper of 
which they were made was glossy, and when burned gave 
out a smell of animal fat. The plea was wholly without 
foundation. Upon being analyzed the paper proved to be 
free from all greasy or oily matter. Under these circum- 
stances, it became obvious that any farther continuance in a 
conciliatory course would be most impolitic. From the 
moment that the main facts of the outbreak w^ere estab- 
lished, every member of the government felt satisfied that 
no penalty short of the disbandment of the regiment would 
meet the case. A severe example, it was hoped, would 
have the effect of convincing the native troops that they 
would only bring ruin upon themselves by failing in their 
duty to the state, and in obedience to their officers. In 
this expectation the men were marched down to Barrack- 
pore, where, on the 31st of March, the regiment was formally 
disbanded. The example was at first believed to have 
produced the desired effect ; and it was asserted that abetter 
spirit had begun to prevail among the native troops. But 
almost immediately after, a European detachment was hur- 
ried down from Dum Dum to Calcutta, where an alarm had 
broken out, upon its becoming known that two sepoys of the 
2d regiment of native infantry, wliile on duty at the fort, had 
been detected in an attempt to bring over the guard of the 
Calcutta Mint. In tlie following month a sepoy, and one 
of the native officers of the 34th native infantry stationed 
at Barrackpore, were found guilty of mutiny, and sen- 
tenced to be hung ; and on the 6th of May the general in- 
subordination of the sepoys rendered it incumbent upon the 
government to disband and dismiss from the service seven 
companies of the same regiment quartered at that place. 
At this juncture, moreover, information reached Calcutta of 
die mutinous conduct of the 7th regiment of the Oude 
irregular infantry at Lucknow. 

General These partial mutinies at Barrackpore, Fort William, 

outbreak, Berhampore, and Lucknow, indicating a wide-spread spirit 


of disaffection, were but the forerunners of the general Mutiny of 
revolt of almost the entire native army of Bengal. About 1867. 
the middle of May, the startling intelligence reached Calcutta 
that the flame of insurrection had burst forth at Meerut and 
Delhi ; tliat six regiments quartered in those cities, viz., the 
1 1th and 20th native infantry, and the 3d light cavalry, at 
Meerut, and the 38th, 54th, and 74th native infantry at Delhi, 
had risen in open mutiny, and that the insurgents had seized 
and retained possession of the city of Delhi. The announce- 
ment excited an all-absorbing interest throughout all classes 
of the community. Every one felt that a crisis was at hand, 
demanding from those who were called upon to encounter 
it the exercise of a vigorous judgment, combined with the 
rnost resolute courage and the greatest promptitude of de- 
cision. The government were not slow in proving them- 
selves equal to the occasion. A proclamation forthwith 
appeared, disavowing all intention on the part of the state 
to interfere with the caste or religion of its subjects ; ” and 
this preliminary step being taken, Lord Canning proceeded 
to meet the emergency with all the energy and determina- 
tion which we are wont to admire in the earlier history of 
our Indian conquests. The one great object was to procure 
European troops. For this purpose prompt measures were 
adopted for intercepting the military force then on its 
passage from England to China; earnest requisitions for 
reinforcements were simultaneously dispatched to the Mau- 
ritius, Ceylon, the Cape of Good Hope, and Great Britain ; 
and these were followed by the most vigorous preparations 
for concentrating in the disturbed districts the scattered 
military resources of the empire. In the following nar- 
rative, an attempt is made to connect the leading events 
which mark the progress of this momentous outbreak. 

Early in May 1857, the 3d regiment of Bengal light Meerut 
cavalry, stationed at Meerut, refused to continue the use 
of the old cartridges; none of the new ammunition, as 
already observed, having been issued to any native regi- 
ment. For this act of mutiny all the men of the regiment 
armed with carbines were tried by court-martial, and eighty- 
five of their number sentenced to imprisonment for ten 
years witli hard labour. The sentence was read at a 
general parade of the troops on the 9th of May, and the 
prisoners, after being ironed on parade, were marched off to 
the jail. Two other native regiments, the 1 1th and the 20th 
infantry, were also quartered at Meerut; and on the following 
day, the 10th of May, the men of these corps broke out in 
open mutiny, and joined the disaffected light cavalry. Col. 

Finnis, of the 11th regiment, attempting to expostulate 
with the men, was shot by the insurgents of the 20th re- 
giment. Several other British officers were then singled 
out as victims, and all Europeans — ^men, women, or chil- 
dren — ^upon whom the miscreants could lay hands, were 
ruthlessly murdered. The loss of life extended to about 
forty individuals. In the course of the night the mutineers, 


^ These were the old cartridges which the regiment were in the habit of using. It is, indeed, worthy of remark, that the new cart- 
ridges had been issued only to the musketry depots at Dum Dura, XTmballah, &c., and not to any native regiment. They were adapted 
exclusively to the new Enfield rifle ; and as the native regiments were armed hitherto with the common musket, it would have been use- 
less to have issued them. 

® The proclamation ran as follows : — The Governor-General of India in council has warned the army of Bengal, that the tales by 
which the men of certain regiments have been led to suspect that offence to their religion, or injury to their caste, is meditated by the 
Government of India, are malicious falsehoods. The Governor-General in council has learnt that this suspicion continues to be propa- 
gated by designing and evil-minded men, not only in the army, but amongst other classes of the people. He knows that endeavours are 
made to persuade Hindus and Mussulmans, soldiers and civil subjects, that their religion is threatened secretly, as well as openly, by the 
acts of the Government, and that the Government is seeking in various ways to entrap them into a loss of caste for purposes of its own. 
Some have been already deceived and led astray by these tales. Once more, then, the Governor-General in council warns all classes 
against the deceptions that are practised on them. The Government of India has invariably treated the religious feelings of all its sub- 
jects with careful respect. The Governor- General in council has declared that it will never cease to do so. He now repeats that declara- 
tion, and he emphatically proclaims that the Government of India entertains no desire to interfere with their religion or caste, and that 
nothing has been or will be done by the government to affect the free exercise of the observances of religion or caste by every class of 
the people. The Government of India has never deceived its subjects. Therefore the Governor-General in council now calls upon them 
to refuse their belief to seditious lies. This notice is addressed to those who hitherto, by habitual loyalty and orderly conduct, have 
shown their attachment to the government, and a well-founded faith in its protection and justice. The Governor-General in council 
enjoins all such persons to pause before they listen to false guides and traitors, who would lead them into danger and disgrace,” 
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Mutiny of having previously rescued the eighty-five prisoners of the 
1857. light cavalry who had been sentenced to hard labour, and 
havingfired the cantonments, retired in the direction of Delhi. 

Delhi. This place the mutineers reached on the 1 1 th. Crossing the 
Jumna by the bridge of boats, they made direct for the palace 
of the king, where, being promptly admitted, they sallied forth 
into the town. Here they were met by the Delhi troops, 
consisting of the 38th, the 54th, and the 74th native infantry. 
Both parties evidently understood each other. The three 
regiments at once fraternized with the rebels. This being 
done, they turned upon their officers, many of whom they 
shot or cut down ; then continuing the career of atrocity 
commenced at Meerut, they proceeded to murder all Euro- 
peans wherever they could be found. The number who 
thus perished is said to have been very great. The next 
step of the mutineers was to take possession of the fort and 
city, and to secure the bridge of boats over the river. 
Lieutenant Willoughby, the commissary of ordnance, held 
charge of the magazine, and finding that the rebels were 
escalading the walls by means of ladders, which had been 
supplied from the palace, gallantly blew up the building. 
Unhappily, this heroic soldier received severe injuries, and 
did not long survive the daring act. All the Europeans 
within the palace were slaughtered with the concurrence, 
if not by order of the king, and the restoration of the house 
of Timour was proclaimed. Delhi, thus captured, remained 
in the occupation of the mutineers; and no inconsiderable 
portion of the Bengal army was now arrayed in armed 
resistance against the lawful rulers of the country. On the 
part of the British, it was felt that the prompt recapture 
of the city was of the first importance, it being obvious that 
the preservation of order throughout the north-west pro- 
vinces was mainly dependent upon the early and signal dis- 
comfiture of the rebels. Delay, however, was unavoidable. 
The commander-in-chief, General Anson, hastening down 
to Delhi from the hill station of Simlah, reached Kurnaul 
on the 25th of May, where he w^as attacked by cholera, and 
fell a victim to the disease on the 27th of May. Upon this 
the command of the array devolved upon Major-General 
Sir H, Barnard, who, having been joined by the troops of 
the Rajahs of Jheend and Pateeala, moved on towards 
Delhi, and reached Allipore, 10 miles from the city, on the 
5th of June. Before, however, the new commander could 
reach the captured city, the insurgents sallied forth in great 
force, and attacked a portion of the troops from Meerut 
under Brigadier- General Wilson, at Ghazee-ood-deen Nug- 
gur. The attack was made on the 30th of May, and re- 
peated on the 31st ; but the assailants were thoroughly 
beaten and dispersed, leaving behind them five guns, and 
large stores of ammunition. Our loss on the two occasions 
amounted to 23 killed and 31 wounded. On the 8th of 
June, General Barnard advanced from Allipore, and being 
joined by Brigadier Wilson, made a spirited attack upon 
the enemy’s intrenched outposts at Badlee-ke-serai, cap- 
tured the heights in front oi' Delhi, together with 26 guns, 
and drove the rebels, dispirited, within the walls of the 
city. The position thus secured by the British extended 
from the river on the left, along the ridge facing the north 
side of the city as far as the Subzee Mundee suburb on the 
right, where the hilly ridge terminates; the distance from 
the city walls averaging from 1200 to 1500 yards. On this 
occasion a most determined resistance was shown by the 
enemy, and the loss of the British was no less than 51 
killed and 134 wounded or missing, with 63 horses. Next 
day, and again on the 10th and the 11th, the enemy 
attacked the British position, but were repulsed, and re- 
treated within the citjr. On the 12th a very serious attack 
was made by the mutineers on the flagstaff picquet, nearly 
in the centre of the British position, and a few hours after- 
wards, at the Subzee Mundee, on the British extreme right. 
The 60th native infantry, which had been detached to 


Aohtuck,and Iliad there mutinied and joined the insurgents Mutiny of 
at Delhi, suffered much in this encounter. An assault ISST”. 
upon the city had been arranged for the 13 th of June, but, j 

owing to the mistake of a superior officer in delaying to 
withdraw the picquets — ^without which the columns of at- 
tack would have been too weak — was abandoned. On the 
15th the rebels again made a sortie, attacked the Metcalfe 
picquet, and tried to turn the left flank of the British, but 
after a sharp action, were repulsed with great loss* On the 
17th the enemy opened a very heavy cannonade to cover 
some batteries they were constructing. A single shot fired 
by them killed Ensign Wheatley of the 54th native in- 
fantry, and killed or wounded nine men. At 4 PJkt. Majors 
Tombs and Reid led two' columns to the attack of the 
works the rebels had just commenced, and destroyed them, 
losing only 18 killed and wounded. On this day the 
mutineers were reinforced by the Nusseerabad brigade, con- 
sisting of the 2d company 7th battalion artillery, No. 6 
horse battery, the 15th and 30th native infantry, and a 
few troopers of the 1st Bombay lancers. On the 19th 
the enemy attacked the British position in great force, a 
very large body of them having got in the rear of it. The 
action lasted till late at night, and was renewed next morn- 
ing. It ended in the retreat of the rebels, but the British 
loss was 10 officers, 89 men, and 60 horses killed, wounded, 
or missing. Lieutenant- Colonel Yule, of the 9th lancers, 
was among the killed. On the 21st the rebels were joined 
by the 6th light cavalry, the 3d, 36th, and 61st native 
infantry from Jullundur and Phillour. On the 23d of 
June, being the centenary of Plassey, the rebels made a 
determined sortie, which was not repulsed without severe 
loss to the British. A gun was disabled, and 4 officers and 
156 men were killed or wounded. On the 27th, and again 
gn the 30th, sorties were made, which the British repulsed, 
with the loss to themselves of 62 killed and wounded on the 
first occasion, and 46 on the second;, but they were now 
joined by fresh troops, which, on the 3d of July, made up 
the besieging army to 6600 men of all arms. It was now 
again proposed to attempt to take the city by a coup de 
main; but the idea was again abandoned. On the 1st 
and 2d of July, the 8th irregular cavalry, the 18th, £8th, 

29th, and 68th native infantry. No. 15 horse battery; and 
two 6-pounders, from Rohilcund, marched into the city 
across the bridge of boats. On the 3d the rebels moved a 
force of several thousand men against Allipore, which they 
plundered; but next day the plunder was retaken by Major 
Coke after a sharp skirmish. Further attacks were made by 
the rebels on the 4th and 9th of July, in the last of which 
the British loss amounted to 211 killed and wounded. 

General Barnard was attacked with cholera, and died on 
the morning of the 5th. The vacancy was supplied by 
General Reed ; but before the close of the month this 
officer also was compelled, by severe illness, to hand over 
the chief command to General Wilson. On the 9th the 
enemy made a spirited sortie, and 100 of their horse charged 
right into camp, cutting down Lieutenant Hills and some 
camp followers. At the Subzee Mundee the fire was very 
hot. The total British loss was 9 officers and 214 men 
killed and wounded. In spite of past defeats the mutineers, 
on the 14th of July, made a bold attempt to capture the 
British batteries. The attempt proved abortive; but so 
fierce was the onset that the assailants inflicted a loss upon 
their opponents of 16 officers, including Brigadier Cham- 
berlain, and 194 men killed and wounded. On the 18Lh the 
last serious engagement in the Subzee Mundee took place, 
when the total of British casualties was 11 officers and 80 
men. The British works were henceforward so complete in 
this place that the enemy could effect nothing. Again, on 
the 23d, the rebels came out in considerable strength, and 
moved upon the British position at the Metcalfe battery. 

Here they were taken in flank by a force under Brigadier 
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Mutiny of Showers, and put to precipitate flight. A luj] of a few da^ 
succeeded ; but on the 31st of July, the anniversary of the 
Mohammedan festival, styled “ Buckree Eed ” the enemy 
poured out in great force, and commenced a general attack 
upon the advanced posts of the British. The contest was 
continued without intermission, day and night, until the 
morning of the 2d of August. Never before had the rebels 
displayed so great an amount of determination. Although 
their courage invariably failed them when about to malce 
the final rush, yet never before had they so closely ap- 
proached the British breastworks. Throughout this pro- 
longed encounter, the British, well under cover, inflicted 
terrible punishment upon the enemy, with slight loss to 
themselves ; and when, about noon on the 2d, the rebels 
drew off the dead and wounded, who lay in heaps before 
the British works, of the British only 46 of all ranks were 
wounded. A few days later (12th of August), a battery 
which had been opened by the enemy outside the walls, 
bearing upon the point known as Metcalfe House, was 
captured by a force under Brigadier Showers, who w^as 
severely w'ounded. In this gallant affair the casualties 
among the British extended to 117 killed and wounded; 
many of the latter, however, w^ere but slightly injured. It 
may be here stated that, inclusive of three or four minor 
contests which it has not been thought necessary to notice, 
the number of engagements fought in front of Delhi from 
the date of the insurrection to the commencement of 
August, amounted to no less than twenty-three. In these 
the aggregate loss of the British was 318 killed and 1062 
wounded. Of the former, 22 were officers and 296 privates ; 
and of the latter, 72 were officers, the remainder consisting 
of rank and file. With respect to the mutineers, though 
their losses from their multiplied defeats must have been 
enormous, still their numerical strength was throughout far 
superior to the English ; for, in addition to the reinforce- 
ments already mentioned, they had received a wing of the 
12th native infantry, the 14th irregular cavalry, and half 
No. 18 light field battery from Jhansi, and the Neemuch 
brigade — viz., a troop of horse artillery, a wing of the 1st 
light cavalry, the 72d native infantry, the 7th Gwalior 
contingent, and the cavalry and infantry of the Kotah 
contingent, w'hich arrived late in July, besides many 
smaller bodies. 

After the fruitless attempt of the 1st of August, the enemy 
appear to have lost all hope of dislodging the British, and 
for upwards of three weeks remained comparatively inactive, 
under shelter of their fortifications. On the 8th of August 
Brigadier Nicholson arrived in the camp with a strong 
brigade from the Punjab, bringing up the strength of the 
English army to 8122 rank and file, besides 1535 sick, and*^ 
304 wounded. On the 13th a body of the enemy’s cavalry 
left Delhi by the Nujufgurh road, with a view, it was 
thought, of interrupting the British communications with 
the Punjab. Several parties of them were cut up by 
Lieutenant Hodgson with his horse and the guide cavalry, 
and he returned to camp on the 22d. On the 24th a strong 
column of the rebels with IS guns, proceeded in theBaha- 
durgurh direction, to intercept the field-train coming to the 
British camp from Ferozepore. General Wilson, penetrat- 
ing the design, despatched a force in pursuit, under Brigadier 
Nicholson, who came up with the rebels on the 26th, 
posted at Nujufgurh. Here he attacked them with great 
success, captured all their guns, and drove them back broken 
and dispirited to Delhi. Their loss was estimated at be- 
tween 300 and 400 ; that of the British was 95 killed and 
wounded. On the morning of the 27th a sortie was made 
from Delhi, under the impression that the British force was 
much weakened by the despatch of the force under Briga- 


dier Nicholson, who had not yet returned ; but the attack 
was easily repulsed. 

By the 6th of September, all the British reinforcements 
that could be looked for, together with the siege-train, had 
arrived. It was now determined to commence regular 
siege operations, and the effective force for that purpose 
amounted to 8748 men. There were besides in hospital 
2977. The Europeans were — of artillery, 580 ; cavalry, 
443 ; infantry, 2294. There were also the Cashmere con- 
tingent of 2200 men with 4 guns, and some hundred men 
under the Jheend Rajah.^ 

The north face, from which side the stronghold of the 
rebels was to be attacked, comprised the Moree, Cashmere, 
and Water bastions, with the curtain- walls connecting them. 
Four batteries armed with heavy guns having been esta- 
blished in commanding positions, and within a short dis- 
tance of the walls, the bombardment commenced on the 
1 1th of September. In planning the attack one great object 
kept in view was to divert attention from the real point of 
the intended assault, and in this the British commander 
completely succeeded, the enemy obviously concluding, 
from their preparations that the attack was to be made 
from a point more to the right. On the night of the 13th 
two breaches near the Cashmere and Water bastions be- 
ing examined by the engineers, and pronounced practica- 
ble, orders for the assault were issued to take place at day- 
break the following morning. The arrangements for the 
storming, which was to be made by four columns and a 
reserve, were as follows : — 1st column, Brigadier- General 
Nicholson, — Her Majesty’s 75th regiment, 1st Bengal 
fusiliers, and 2d Punjab infantry ; to storm the breach 
near the Cashmere bastion, and escalade the face of tlie 
bastion. '2d column, Brigadier Jones, C.B, — Her Ma- 
jesty’s 8th regiment, the 2d European Bengal fusiliers, 
and 4th Sikh infantry ; to storm the breach in the Water 
Bastion. 3d column, Colonel Campbell, — Pier Majesty’s 
52d regiment, the Kumaon battalion, and 1st Punjab in- 
fantry : to assault by the Cashmere gate after it should 
be blown open. 4th column, Major Reid, — Detachment of 
European regiments, Sirmoor battalion, Guide infantry, 
and detachment of Dograhs : to attack the suburb Kis- 
sengunge, and enter the Lahore gate. 5th column, Bri- 
gadier Longfield, — Her Majesty’s 60th Rifles, Kumaon bat- 
talion, and 4th Punjab infantry: the reserve. 

At four o’clock a.m. the several columns were marched 
to their respective positions, the heads of Nos. 1, 2, and 
3 being concealed until the moment for action should 
arrive. The signal for the assault was to be the advance of 
the Rifles to the front to cover the heads of the columns 
by skirmishing. Upon the word of command being given, 
the Rifles dashed to the front with a shout, skirmishing 
along and through the low jungle which extended to within 
50 yards of the ditch. At the same moment Nos. 1 and 2 
columns, the one headed by General Nicholson and the 
other by Brigadier Jones, and consisting respectively of 
950 and 850 men, emerged from the Koodsee Bagh, their 
place of concealment, and steadily advanced towards the 
breaches. On attaining the open space they were met from 
the front and both flanks by a storm of bullets, and officers 
and men fell fast on the crest of the glacis. For ten minutes 
it was found impossible to get the ladders down into the 
ditch, but the resolution of the British soldier carried all be- 
fore it. The scarp was ascended, and with a cheer and a rush 
both breaches were won, and the enemy fled in confusion. 
In the meantime the third column, consisting of 950 men 
under Colonel Campbell of Pier Majesty’s 52d light infantr}^, 
made direct for the Cashmere gate, preceded by the explo- 
sion party under Lieutenants Home and Salkeld of the en- 


^ Ike British troops actually engaged in tke recapture of the cit}- amounted to 2100 men. 
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Mutiny of gineers. This little band, advancing in broad daylight to tl^ 
1857. gateway in the teeth of a sharp fire of musketry, coolly pro- 
ceeded to adjust the powder bags. During the daring enter- 
prise Lieutenant Salkeld received two gunshot wounds. His 
first shot was through the arm; notwithstanding this he went 
on to the gate, and while assisting in fastening the bags on 
the spikes, he was shot through the thigh, and fell. Sergeant 
Carmichael stepping forward to fire the train, was shot 
dead. Sergeant Burgess then made the attempt with better 
success, but paid for it with his life. Sergeant Smith, be- 
lieving that Burgess had also failed, sprang forward, but 
seeing the train alight, threw himself into the ditch, and 
escaped the effects of the explosion. A tremendous crash 
announced that the gate was blown in, and the 3d column 
rushed to the assault, and entered the town at ten o’clock, 
just as the 1st and 2d columns had won the breaches. 
To four of the little band of heroes who accomplished the 
destruction of the gate the Victoria cross was afterwards 
awarded, viz., to Lieutenants Home and Salkeld, of whom 
the former was killed on the 1st of October by the prema- 
ture explosion of a mine in destroying the fort of Ma- 
lagurh, and the latter died of his wounds received at Delhi. 
The other two on whom the cross was bestow^ed were Ser- 
geant Smith and a soldier of Her Majesty’s 52d, who bound 
up Lieutenant Salkeld’s wounds. General Nicholson having 
formed the troops within the walls, directed his advance 
along the ramparts, occupying the defences as far as the 
Moree bastion. Here, while endeavouring to penetrate 
still further in the direction of the Lahore gate, this most 
able, zealous, and gallant soldier, whose exploits during the 
Afghan and Sikh wars, and recent victory at Nujufgurh, 
had covered him wdth glory, received a wound at the head 
of the advancing column, which, on the 23d of September, 
terminated in his death. Unhappily the 4th column, which 
had been destined to carry the suburb of Kishengunge and 
enter the Lahore gate, failed in the enterprise. The prin- 
cipal loss sustained by the assailants was due to the obstinate 
resistance they met with in clearing the way from the Moree 
bastion to the Caubul gate, in a vain attempt to take the Bum 
bastion, and in the repulse at Kishengunge. On the day 
of the assault alone the loss amounted to 1104 men killed 
and wounded, and 66 officers, exclusive of the losses of the 
Cashmere contingent, or Dograhs, who were completely 
routed by the rebels, and fell back to camp, leaving four 
guns in the hands of the enemy. The loss of the enemy is 
given at 1500 men. A permanent lodgement having been 
now effected, preparations were made on the 15th for shel- 
ling the rebels out of the palace, the fort of Selimgurh, 
and the other strong positions of the city. At dawn on 
the 16th the magazine was stormed. In it were captured 
125 pieces of cannon. The palace now lying w^ell exposed 
from this point, the guns opened upon it from the inclo- 
sure. The Kishengunge battery, which had repulsed the 
4th column, was now evacuated by the enemy, and the 
guns there taken swelled the number of captured pieces 
to 200. On the 16th a chain of posts had been established 
from the Lahore gate to the magazine, and on the 19th 
the line was advanced to the Chandnee Chouk, the princi- 
pal street of the city. By the last mentioned day the re- 
sistance of the mutineers had become less decided ; and in 
the evening of that day the Burn bastion was captured by 
surprise, and early next morning the Lahore gate and Gar- 
stin bastion were taken and held. At length the enemy 
maintained only a desultory warfare from the tops of the 
houses ; and on the 20th of September, after an arduous 
struggle, continued during seven days, the labour of the 
gallant troops were crowned with complete success, and the 
city of Delhi was once more in the exclusive possession of 
the British. Large bodies of the mutineers effected a timely 
escape. Among the fugitives were the king of Delhi and 
his two sons and grandson. The royal party fled in disguise 
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along the road south of the city, the king being accompanied Mutiny of 
by his favourite wife the Begum Zeenut Mahal, ‘‘the Or- 1857. 
nament of the Palace.” On the 21st of September the king 
surrendered to Captain Hodson, who succeeded also in cap- 
turing his two sons, Mirza Mogul and Mirza Khizr Sultan, 
together with his grandson, Mirza Abu Bukr, at the tomb of 
Humayoon, about 5 miles from Delhi. The life of the king, 
now nearly ninety years of age, has been spared, and he 
may be safely allowed to pass the remainder of his days 
in peaceful exile. Not so the younger princes of the 
family. His sons and grandson, who were known to have 
taken an active part in the rebellion, on being taxed with 
their guilt, craved for mercy. But stern justice alone 
was to be dealt to them, and they were at once sentenced 
to be shot. Their execution took place at the Delhi gate 
on the 22d September. After the recapture of the city, 

General Wilson, then suffering from severe illness, resigned 
the command of the field force to General Penny, who, on 
the morning of the 24th of September, despatched Lieu- 
tenant Colonel Greathed of Her Majesty’s 8th regiment, 
with a strong moveable column to clear the Doab, and en- 
deavour to open communications with General Havelock 
at Cawnpore. 

Cawnpore, one of the great military stations of the East Cawnpore, 
India Company, is situated on the right or western bank of 
the Ganges, immediately opposite to the territory of Dude. 

In the spring of 1857, the military quartered here consisted of 
three regiments of native infantry and one of native cavalry, 
together with a detachment of Her Majesty’s 84th regiment. 

For some weeks previous to the outbreak, the native troops 
were known to have largely participated in the general ex- 
citement caused by the insidious rumours regarding the de- 
filed cartridges. Symptoms of insubordination had been 
manifested from time to time in the ranks ; and at length, on 
the night of the 4th of J une, the 1st regiment of infantry and 
the 2d light cavalry tose in open mutiny. At their head 
appeared a Hindoo rajah known as Nana Sahib. This 
monster in human form was the adopted son of the late 
ex-Peishwa, Bajee Rao of Poona, and as such he had laid 
claim to the reversion of the pension which the latter en- 
joyed from the British. His pretensions, however, were 
overruled by the government, and his subsequent atrocities 
would thence appear to have been prompted by personal 
resentment. Nana had been on terras of intimacy with 
most of the British officers at Cawnpore. He spoke Eng- 
lish, possessed a smattering of European literatm*e, and was 
regarded by those who knew him as shrewd and intelligent. 

Before the mutiny broke out, and while the authorities 
were temporizing in the hope that the recapture of Delhi 
would restore peace and order, Nana proposed to strengthen 
the garrison of Cawnpore by the addition of his own troops. 

His offer was accepted, and about 300 or 400 men .were 
brought down irom his castle at Bithoor, and located near 
the magazine. At the same time he invited the officers to 
send their wives and children to Bithoor as a place of safety. 

On the 4th of June, when the mutiny broke out, Nana 
placed himself at the head of the rebels, saying “ I came in 
appearance to help the British, but am at heart their mortal 
enemy.” On the following day the 53d and 56th regiments 
renounced their allegiance, and joined the mutineers. Nana 
was not slow in proving himself the fitting commander of 
the rebel force. An alarm having broken out at Futty- 
gurh, a military station situate about 70 miles above Cawn- 
pore, a party of 132 Europeans, consisting of men, women, 
and children, hurriedly quitted that place in boats, and were 
proceeding down the river towards Allahabad. Upon ar- 
riving off Bithoor, Nana opened fire upon them. . An order 
was then given to board the boats, which being done, the 
fugitives were seized and dragged to the parade-ground at 
Cawnpore, where the whole party were barbarously mur- 
dered. In the meantime the British force at Cawnpore 
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Mutiny of had taken refuge, together with the women and children, 
1857. within an intrenched camp under the command of Sir Hugh 
Wheeler. Here, though besieged by a force 5000 strong, 
the garrison succeeded in repelling every attack, and, more- 
over, frequently sallied out from the intrenchments to dis- 
perse the rebels. In one of these sorties their gallant leader 
was severely wounded, and his little band, dispirited by the 
disaster, worn out by constant watching, enfeebled from 
want of food, and encumbered moreover with a number of 
women and children, were induced to surrender, upon re- 
ceiving the solemn promise of Nana that they should be 
allowed to withdraw with the whole of the European popu- 
lation to Allahabad. The capitulation was made out on the 
1st of July. Upon giving up the treasure, with the guns and 
ammunition, the garrison with their followers were permitted 
to embark. But the moment had now arrived for carrying 
out Nana's meditated treachery. He had never intended 
that his victims should be allowed to escape. No sooner 
had the boats loosened from the shore than a fire of artil- 
lery was treacherously opened upon them. The boats, 
witli one exception, were then brought back, and the sur- 
viving occupants once more landed, when Nana, in spite of 
his solemn pledge, issued his mandate for the indiscriminate 
massacre of the male portion of the prisoners. The boat 
containing General Wheeler does not appear to have been 
captured until nearly 22 miles below Cawnpore, when it was 
stopped, and all on board carried prisoners to Nana. 
Amongst them, besides the veteran commander, who was 
severely wounded, were Dr Harris and Captain Mackenzie. 
Their arms had been tied, and thus bound they were led 
off to execution. All met death bravely. Dr Harris fell 
saying that his countrymen would revenge his death. 
Lieutenants Henry Delafosse and Mowbray Thomson, both 
of the 53d native infantry, had escaped from the advanced 
boat by swimming. The women and children, in receiving 
a short respite, were but spared for a worse fate than in- 
stant death. For some days they were kept in the most 
agonizing suspense, and on the eve of the battle of Cawn- 
pore all were barbarously murdered. The number of Euro- 
peans thus slaughtered between the 1st and the 15th July 
amounted in the aggregate to 868, and consisted of 88 of- 
ficers, 190 rank and file of Her Majesty's 84th foot, 70 
ladies, 120 women and children of Her Majesty's 32d foot, 
and 400 of the European population of the town, including 
civilians, merchants, shopkeepers, and others. If to these 
be added the number of fugitives who were intercepted in 
coming down the river from Futtyghur, the total number 
butchered by Nana amounts to no less than 1000 Euro- 
peans. 

The relief of Cawnpore had been intrusted to Brigadier- 
General Havelock. This officer reached Allahabad on the 
SOtUof June. At this time the relieving force under his 
command was composed of two European regiments re- 
cently withdrawn from Persia— viz., the 64th and the 78th, 
mustering together 1100 or 1200 bayonets. Moving on 
from Allahabad on the 4th of July, the general was joined 
by a small detachment under Major Renaud. With the com- 
bined force, which, inclusive of 561 native soldiers, counted 
in all but 1964 men, the general, on the 12th of July, encoun- 
tered the rebels, amounting to 3500, with 12 guns, at 
Futtehpore, situated midway between Cawnpore and Alla- 
habad, and put them to complete route, capturing all their 
guns. The loss of the British was, perhaps, the lightest 
that ever attended such signal success. It amounted to no 
more than 6 sepoys killed, and 8 wounded and missing. 
General Havelock pursued the enemy in the direction of 
Cawnpore. On the 15th he again attacked the rebels in 
their entrenched position, close to the village of Osung, 
capturing four more of their guns; and on the 16th he 
signally defeated Nana Sahib in front of Cawnpore. At 
this place the enemy were posted behind a succession of 


villages, where a determined stand was to be made. The Mutiny of 
fight was most stubborn, and every inch of ground was 1867. 
resolutely disputed during the space of nearly three hours, 

At length the fate of the day was decided by a flank move- 
ment of the 73th Plighlanders turning Nana Sahib's left. 

“ I never," says an eye-witness, ‘‘ saw anything so fine." 

The men of the 78th went on, with sloped arms, like a wall. 

Till within 100 yards not a shot was fired. At the word 
‘charge,' they broke just like an eager pack of hounds, and 
the village was taken in an instant." Cawnpore now lay 
open to the British. The rebel chief retired in the direc- 
tion of Bithoor, blowing up the magazine previous to his 
retreat. In this engagement the loss of the British was 
not inconsiderable, amounting to 70 killed and wounded 
out of a force falling short of 2000 men. This force, how- 
ever, it must be borne in mind, had been opposed to 6000 
mutinous sepoys, armed and disciplined after the English 
fashion. Upon entering Cawnpore on the following morn- 
ing, the extent of the frightful catastrophe which had be- 
fallen the British garrison and the European residents first 
became fully known. A wholesale massacre had been 
perpetrated by Nana Sahib. The site was a paved court- 
3 ^ard. One writer describing the scene, observes ; — “ The 
blood was two inches deep upon the pavement ; and from 
the report we got from the residents, it appears that after 
we had beaten the enemy on the previous evening, the 
sepoys entered the place where the unhappy victims were 
confined, killed all the ladies, threw their naked bodies into 
a well, and hurled down the children alive upon their but- 
chered mothers. I saw it, and it was an awful sight." Long 
tresses of hair, torn bibles and prayer-books, work-boxes 
and unfinished work, scattered about the red floor, told too 
well the harrowing tale. Two or three only of the captives, 
who had been concealed by their native servants, contrived 
to escape. The daughter of Sir Hugh Wheeler perished 
among the victims. This heroic lady, who appears to have 
inherited the indomitable spirit of her father, is stated to 
have shot five of the fiends witli a revolver before they 
could get sufficiently near to her to cut her down. Another 
lady, previous to her death, is declared to have avenged 
herself by destroying tbe ruffian who had carried her ofi^ 
and who probably destined her for outrage. Upon reach- 
ing Bithoor in pursuit of the flying enemy, it was found 
that Nana had just evacuated the village, and the British 
commander was obliged to content himself with burning 
the palace of the rebel and bringing away the guns. Gene- 
ral Havelock then crossed the Ganges into Oude, on his 
march to Lucknow, leaving General Neill in charge of 
Cawnpore. On the 28th July, he twice attacked the rebels, 
and defeated them in both engagements. Arriving at 
Oonao on tbe 29th, he found the place defended by 10,000 
of the insurgent troops, including a portion of Nana Sahib’s 
force. The village had been strongly fortified, and every 
house was loopholcd. But the assault of the British was 
irresistible, and the enemy retreated, leaving behind them 
their guns. After a halt of four hours, the indefatigable 
and victorious commander pushed on for Futtehpore Chow- 
rasee, distant about 30 miles from Lucknow. Here a 
desperate engagement ensued, which resulted in the cap- 
ture of the town — the rebels withdrawing in the direction 
of Lucknow. On this occasion the British sustained a loss 
of 88 killed and wounded. After advancing still nearer to 
imeknow, and fighting another battle, in which the British, 
though as usual victorious, incurred a loss of 8o killed and 
wounded, General Havelock had the mortification to find 
that farther progress was for the present impracticable. A 
body of the rebels, 25,000 strong, were posted in an in- 
trenched position in his front; cholera was making its 
appearance in his small force, which had been already mate- 
rially reduced by incessant combats and successive victories. 

The strength of the little band had indeed been overtaxed. 
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Mutiny of It had gained more victories than had ever before been vi^on 
1857. in so short a time; but its numbers were now reduced be- 
low 900 men. In these circumstances, General Havelock, 
convinced of the impossibility of penetrating the thick 
masses of the insurgents, deemed it incumbent upon him 
to pause on his triumphant career, and to fall back upon 
Cawnpore. A retreat was accordingly commenced. The 
rebels, taking heart, closely followed in the rear, and ad- 
vanced as far as Nawabgunge. Here the British com- 
mander, nowise daunted by the enemy’s superiority of num- 
bers, once more halted to give them battle. Again he was 
victorious ; and, having added two more of the enemy’s 
guns to his previous trophies, he leisurely crossed the 
Ganges, and on the 13th August rejoined General Neill at 
Cawnpore. Such a series of gallant exploits forms a bril- 
liant episode in Indian history. The battles of Cawnpore 
and Oonao lose nothing of their brilliancy, even when com- 
pared with the victories of Clive and Wellesley. Having 
rested for a few days at Cawnpore, General Havelock 
marched a second time to Bithoor, where it was under- 
stood that the rebels, about 4000 strong, were posted with 
two guns. Here, on the 16th of August, with a force mus- 
tering 1300 men and 14 guns, he again encountered them ; 
and, after an obstinate engagement, in which the enemy 
lost 250 killed and wounded, drove them from their posi- 
tion and captured their guns. The Britisli loss was 14 killed 
and 30 wounded. General Havelock then determined to 
return to Cawnpore, there to await the arrival of reinforce- 
ments before advancing again upon Lucknow. 

Lucknow. At Lucknow, the capital of Glide, as early as the 3d of 
May, the men of the Yth regiment of the Oude irregular in- 
fantry had mutinied. The city was held by Sir Henry Law- 
rence, one of the ablest and bravest ojfBcers of the Indian 
army. No time was lost in disarming the regiment. A strict 
investigation was then instituted, at the close of which it 
was deemed sufficient to dismiss the greater number of the 
native officers of the regiment, together with a few of the 
sepoys, and to overlook the conduct of the remainder. 
These conciliatory measures failed to produce a better feel- 
ing in the other regiments stationed at Lucknow. On the 
30th of May an outbreak occurred, when about one-half 
of the men of the 48th and 71st native infantry, and some 
few of the 13th native infantry, with two troops of the 7th 
light cavalry, rose in insurrection. A sharp encounter fol- 
lowed, in which the mutineers sustained considerable loss, 
but the greater portion contrived to elude pursuit in the 
direction of Seetapore. The example thus set at Lucknow 
was promptly followed at every military station throughout 
the province. The troops at Seetapore mutinied on the 
4th of June ; those at Fyzabad and Secrora on the 8th; 
at Sultanpore and Pertaubghur on the 8th ; at Persliadee- 
pore on the 10th ; and at Burraich and Gonda at dates not 
given. The regiments at these several stations consisted 
of two field batteries, two regiments of cavalry, and ten 
regiments of infantry. From Sultanpore, the i5th Oude 
irregular cavalry and the 8th irregular infantry, started at 
once for Delhi. It is worthy of remark, that at Fyzabad 
the mutiny was marked rather by the generous spirit of 
Europe, than by the barbarous customs of the East. Here 
the men after mutinying, actually saluted their officers, and 
placed the ladies under protection. All the outposts of 
Oude being thus lost, the mutineers gradually closed in 
upon Lucknow. The position of Lawi'ence was now be- 
coming critical. His European force, the only one to be 
depended upon, was fearfully small. It consisted of 510 
men of Her Majesty’s 32d foot ; and within the intrench- 
ments there were no less than 350 women and children. 
Three positions only were held by the British,— the Re- 
sidency, the Muchee Bhawan, and the cantonments. These 
were greatly strengthened, and the remaining military 
posts within the city were all abe-ndoned. On the 30th of 
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June, Sir H. Lawrence having learned, by a reconnoisance Mutiny of 
made on the previous day, that the rebel army were as- ^857. 
sembling at Chinhutt, about 10 miles from Lucknow, 
marched thither with 300 of Her Majesty’s 32d, 150 of the 
13th native infantry, 100 of the 48th and 71st, 125 Sikh 
horse, 30 mounted Europeans, 300 police, and 11 guns, of 
which 6 were manned by natives. On reaching the vil- 
lage of Chinhutt, he found the enemy to the number of 
15,000 men, with 36 guns prepared to receive him. At 
the first shot the police went over in a body, and the native 
gunners, cutting the traces, galloped over to the enemy, or 
back to Lucknow. The rest of the force displayed pro- 
digies of valour, natives vying with Europeans in daring 
acts ; but overpowered by numbers, the whole body were 
compelled to retreat to the Residency at Lucknow, leaving 
118 European officers and men killed, and 182 natives killed 
and missing, besides 54 Europeans and 11 natives wounded. 

The death of Colonel Case, commanding the 32d regiment, 
who fell at the head of his men, deserves to be recorded. 

Captain Bassano seeing him fall, went up to assist him. 

Leave me to die here,” were the words of the wounded 
hero ; your place is at the head of your company. I have 
no need of assistance.” From the moment the force re- 
entered the Residency, the siege of that place commenced. 

On the 2d of July Sir H. Lawrence was wounded by a 
fragment of a shell ; and after suffering amputation of the 
leg, died on the morning of the 4th, having nominated 
Major Banks to succeed him as chief commissioner and 
commandant. On the 20th of July the enemy in vast 
numbers attempted to storm, but were repulsed with the 
loss of 1000 men. Next day Major Banks was killed, and 
was succeeded by Brigadier Inglis, who continued the gal- 
lant defence, and repulsed several attempts to storm, of which 
one on the lOth of August, and another on the 5th of Sep- 
tember, were the most spirited. On the 25th of Septem- 
ber, Generals Outram and Havelock, with a force originally 
consisting of 2500 men, cut their way to the Residency, 
and it becomes requisite, therefore, to return to the opera- 
tions under Havelock at Cawnpore. 

After the second battle of Bithoor, fought on the 16th of 
August, General Havelock, as above noticed, retraced his 
steps to Cawnpoi*e, where he expected to be reinforced by 
fresh succours from Calcutta. Here, on the 14th Septem- 
ber he was joined by a force under General Outram, who, 
though the superior officer, determined with chivalrous 
generosity to waive his rank on the occasion, and to leave to 
General Havelock the glory of relieving Lucknow, and 
rescuing its gallant and enduring garrison. In accordance 
with this determination, Sir James merely accompanied the 
force to Lucknow, in his civil capacity, as chief commissioner 
of Oude, at the same time tendering his military services to 
the general as a volunteer. On the 19th, General Have- 
lock having formed his little army into two brigades, — of 
which the first consisted of Her Majesty’s 5th fusiliers, the 
64th and 84th regiments, the 1st Madras fusiliers, Captain 
Maude’s troop of horse artillery, and 150 European volun- 
teer cavalry ; and the second of Her Majesty’s 78th High- 
landers, the 90th light infantry, Captain Olphert’s horse bat- 
tery, and some irregular horse, — crossed the Ganges into 
Oude ; and on the 21st attacked the rebels at Mungarwar, 
and drove them from their position, capturing four guns, two 
of which, together with the colours of the 1st Bengal native 
infantry, were taken by the volunteer . cavalry in a charge 
headed by Sir James Outram. The loss of the British was 
trifling. 

On the 21st of September the indefatigable general ac- 
complished a march of 14 miles, and one of 20 miles on the 
22d, at the termination of which the firing at Lucknow was 
distinctly heard. A royal salute was then ordered by Ge- 
neral Havelock to be fired to announce his approach to the 
garrison. On the 2oth the British force, skirting the city, 
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Slutitiy of forced its way to the Residency against enormous numbers 
of the enemy, and with the loss of 550 officers and men; 
Brigadier Neill and Colonel Bazeley being among the 
killed, and Sir J. Outram being wounded. 

It was now found that although, by a display of courage 
which has never been surpassed, the relieving army 
had made its way to the Residency, it was altogether 
too weak to remove the besieged, of whom the greater part 
were sick and wounded, and women and children. On the 
contrary, Generals Outram and Havelock were now them- 
selves besieged, and their communications even with Alum- 
bagli, where they had left their baggage with a guard of 
300 men, were entirely cut off. At a short distance from 
the Residency, in the palace called the Kaiserbagh, vrere 
eight European prisoners, Sir M. Jackson, C.S., and his sister; 
Captain P. Orr, his wife, and child; Lieutenant Burnes, Ser- 
geant Norton, and Miss Christian ; but nothing could be 
done to relieve them, and all the males were subsequently 
blown from guns by the rebels. Every day desperate con- 
flicts took place in the inclosure to clear the buildings sur- 
rounding the Residency. Sir J. Outram had now taken 
command; and on the 26th of September ordered a sortie, 
under Lieutenant Lowe, who cleared the Captan ka Bazar, 
to tlie east of the Residency, of the enemy, and took 7 guns, 
but with the loss of Captain tiughes and' 2 men killed, and 
2 officers and 8 men wounded. On the 27th a second 
sortie was made in much greater force against the enemy's 
Garden battery to the S.W. of the Residency, which suc- 
ceeded in destroying the battery, but with the loss of 10 
killed and 11 wounded. On the 29th three sorties were 
made, in which Major Simmons, Captain McCabe, and a 
gentleman volunteer of distinguished gallantry, Mr Lucas, 
were killed, and about 50 others killed and wounded. On 
the 1st of October Colonel Napier made a very successful 
sortie, wdth trifling loss. In this manner such offensive 
operations as the smallness of General Outram's force 
would permit were continued till the 16th of November, 
when a determined and successful sortie was made in the 
direction of the Kaisarbagh to aid the advance of Sir C. 
Campbell, who, with a force of about 4000 men, had 
advanced from Cawnpore upon Lucknow. Simultaneously 
with the sortie Sir Colin reached the Secunderbagh, a palace 
on the E. of the city, and S.E. of the Residency, filled with 
sepoys, and protected by the fire from a large mosque, called 
Shah Nujjuff, a little to the N., and nearer the Resi- 
dency. Here a terrific combat raged for three hours, 
when both places were at length taken, the latter chiefly 
by means of the 68-pounders of tlie naval brigade, com- 
manded by Captain Peel. In the Secunderbagh alone 
2000 corpses of the enemy were counted. On the 17th 
other defences of the enemy, between the Residency and 
the buildings just mentioned, were carried ; and on the 
afternoon of that day, under a heavy fire, Generals Out- 
ram and Havelock advanced and met Sir C. Campbell. 
While Havelock was addressing his deliverers, his son was 
struck down close to him by a ball, but he continued his 
harangue, and did not turn to inquire the nature of the 
wound until he had concluded his address. In these opera- 
tions 10 officers and 112 men were killed, and 33 officers 
and 312 men wounded. The long-beleaguered garrison 
of Lucknow was saved ; but the numbers of the enemy 
were still so great that it was necessary to evacuate the 
Residency, and retire upon Cawnpore, without making any 
attempt to take the city. At midnight on the 22d of No- 
vember the evacuation was noiselessly effected, most part of 
the effects belonging to the garrison being left behind ; and so 
little was the retreat suspected by the enemy, that they 
continued to fire on the Residency long after it was de- 
serted, so well had the operation been planned and carried 
out by General Outram. On the 25th of November Ge- 
neral Havelock died of dysentery at Dilkusha, a palace 


and park to the S. of the city. On the 27th Sir C. Mutiny of 
Campbell received intimation from General Windham, whom 1857. 
he had left to defend Cawnpore, that his position had been v-^ 
attacked by overwhelming numbers of the rebels. Sir 
Colin therefore hastened back to Cawnpore with the ut- 


most speed, and arrived just in time to save the bridge of 
boats from being destroyed by the enemy, who were in pos- 
session of the town, had completely surrounded General 


Windham, and had brought some guns to bear on the 


bridge. Their army, estimated at 20,000 men, consisted of 
the whole Gwalior contingent, compn-ising four batteries of’ 


artillery, two regiments of cavalry, and seven of infantry, 
and the forces under Nana Sahib and Koer Singh. On the 


24th of November the vanguard had approached Cawnpore 
so close that General Windham resolved to advance to meet 


them, which he did on the 26th at the Pandu Nadee. 
After a sharp action he defeated them, and took 3 guns, 
losing 7 officers and 60 rank and file killed and wounded. 
Then, instead of retiring upon Cawnpore, he encamped in 
dangerous ground, amid thick jungle, where he was 
attacked next day, and, after a murderous conflict, driven 
into his intrenchments, the enemy occupying Cawnpore, 
which they plundered, setting fire to many of the public 
buildings. On the 28th Sir C. Campbell arrived, and ex- 
tricated General Windham from his perilous position, sur- 
rounded by an infuriated enemy, without supplies, and having 
lost more than 300 of his best officers and men. After 


keeping the rebels in check until the sick, wounded, and 
non-combatants had been safely despatched to Allahabad, 
Sir Colin, on the 6th of December, after skilfully drawing 
tlie enemy from their position, advanced on them with irre- 
sistible fury, and overthrew them with great slaughter, cap- 
turing 16 of their guns, and putting them to headlong flight. 
He then despatched Brigadier Hope Grant with the cavalry 
and artillery, who, coming up with the fugitives as they were 
preparing to cross into Oude, took nearly all their remain- 
ing guns, and inflicted a further heavy loss upon them. 
Sir Colin's subsequent operations and his final victories at 
Lucknow will be found at the conclusion of this article. 


While the events above narrated were occurring at Punjab. 
Delhi, Lucknow, and Cawnpore, numerous outbreaks and 
slaughters were taking place in other parts of India. On 
the 13th of May an outbreak occurred at Forozepoor, 
on the left bank of the Sutlej, doubtless prompted by in- 
telligence of the massacre at Meerut. At this station the 
crisis was manfully met by the British. The two regiments 
stationed here were the 45th and 57th native infantry. 

Upon being ordered to march from their cantonments, 
the 45th broke out into open mutiny. They were at once 
attacked by Her Majesty's 61st foot and the 10th Bengal 
light cavalry, which remained stanch, and few escaped 
from the place. The 57th, upon being reasoned with, 
gave up tlieir arms. Ferozepoor is about 50 miles south 
of Lahore, the capital of the Punjab. At Meean Meer, 
the cantonments of Lahore, w^ere quartered three regi- 
ments of native infantry, the 16th, 26th, and 49th, and 
the 8th light cavalry; and the whole of these, upon the ar- 
rival of tidings of the mutiny at Delhi, it was resolved at 
once to disarm. This being accomplished, the men were 
moving off to join the disaffected corps at Ferozepoor, but 
being intercepted by a movement of the British troops, they 
speedily returned to obedience. The whole business was 
managed with a degree of tact and discretion which re- 
flects the highest credit on Sir John Lawrence, chief 
commissioner in the Punjab. OF the disarmed regiments 
at Lahore, one subsequently mutinied. This was the 
26th native infantry, which, on the 30th of July, killed their 
commanding-officer, and then broke away. The fugitives 
were chased by the police and some of the new levies, 
and upwards of 500 were slain, or taken prisoners and 
executed. At Jullundur the 36th and 6 1st regiments mu- 
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MatiTiy of tinied on the 4th of June, and with a few men of the 6th 
1857. light cavalry proceeded to Phillour, where they were joined 
by the 3d native infantry. These corps crossed the Sutlej 
and entered Loodiana, whence, being driven out by a de- 
tachment of Her Majesty’s 8th foot, they made their way to 
Delhi. Symptoms of disaffection had also been manifested 
in the 51st and 5oth regiments stationed at Peshawur, and 
some of the men had been discharged about the end of 
May. The 51st subsequently mutinied at Peshawur, and 
the latter at Huzzara. The 51st had been disarmed, and 
swift retribution overtook their treachery, nearly the whole 
regiment being cut up, or taken prisoners and executed. 
The 55th wtre attacked and broken, and a large number 
taken prisoners were executed at Huzzara. A remnant 
escaped, and took refuge with the predatory AfFghans of the 
frontiers ; but although at first received as friends, they are 
said to have been forcibly converted to Mohammedanism, 
and sold as slaves. At Mooltan two native regiments w^ere 
disarmed by Brigadier Chamberlain. Sealkote, another 
military station in the Punjab, took an active part in the 
mutiny. The 35th regiment of native infantrj^ part of the 
illustrious garrison of Jellalabad, proceeding from Sealkote 
to Delhi, were believed to be wavering in their fidelity, and 
were disarmed. The 14th native infantry, which had mu- 
tinied at Jhelura, had been completely broken, with the 
loss, howwer, of 50 Europeans of Her Majesty’s 24th regi- 
ment killed and wounded, besides 3 oflScers ; but a small 
remnant escaping to Sealkote, were there joined by the 46th 
regiment, and a wing of the 9th light cavalry. The main 
body of these mutineers was overtaken by General Nichol- 
son on the 1 6th of J uly, and completely cut up. In the 
meantime a moveable column had been organized by Ge- 
neral Reed, in concert wdth Brigadiers Chamberlain, Cotton, 
Edwardes, and Nicholson; and mutiny, w’herever mani- 
festing itself in the Punjab, was speedily quelled and put 
down with a strong hand. Thus, not only did Sir John 
Lawrence suppress insurrection in his own province, but 
contributed also, in a great degree, to the success at Delhi, 
by forwarding large and timely reinforcements to die be- 
sieging army. 

Allygurh. Allygiirh, an important post, as commanding the com- 
munications up and dowm the country, had been garrisoned 
by four companies of the 9th native infantry, the men of 
which had hitherto conducted themselves with steadiness. 
On the 20th of May these companies rose against their offi- 
cers, who were thus compelled to abandon the station. A 
portion of the same regiment, which was quartered at Myn- 
poorie, mutinied on the 22d of May ; but by the tact and ad- 
mirable conduct of one of their officers. Lieutenant De 
Kantzow, the men were kept back from acts of violence, 
and finally quitted the station to join their comrades at 
Allygiirh, e7i route to Delhi. 

Nusseera- At Nusseerabad, in the province of Ajmere, the loth 
and 30th regiments of native infantry, and the 2d company 
. of the 7th battalion Bengal artillery, mutinied on the 28th 
of May, and beat off with loss a portion of the 1st regiment 
of Bombay light cavalry (lancers), who gallantly charged 
the guns. In this engagement Captain Spottiswoode and 
Cornet Newberry were killed, and Captain Hardy and 
Lieutenant Jack wounded. Colonel Penney, commanding 
the 1st light cavalry, was killed by a fall from his horse. The 
rebels marched with colours flying and bands playing to 
Delhi. Subsequently a portion of the 12th Bombay native 
infantry mutinied at Nusseerabad on the 10th of August, and 
was disarmed. 

Ilansi, On the 29th of May the Hurreeanah battalion and 4th 

Ilissar, irregular cavalry, stationed at Hansi and Hissar, to the 

and Sirsa. north-west of Delhi, mutinied and massacred a number of 
Europeans. Many of the civil and military officers effected 
their escape. The gallant general. Van Cortlandt, who so sig- 
nally distinguished himself in the Mooltan campaign, march- 


RN PROVINCES. 309 

ing from the north-west, had two engagements with the rebels Mutiny of 
at Sirsa, defeating them in each instance with severe loss. 1^^“* 

At Bareilly the 18th and 68th native infantry, and the 
8th irregular cavalry, rose en masse on the 31st of May. The Bareilly, 
outbreak appears to have been concerted for a fixed hour 
at a given signal. Brigadier Sibbald was killed. Many 
of the European residents and civil servants of the Com* 
pany were massacred. Fortunately the ladies had quitted 
the station some days earlier for that of Nynee Tal. Among 
the victims were the two judges of Bareilly, Mr Raikes 
and Mr Robinson. These two gentlemen were arraigned 
before one of the native judges. It does not appear of what 
they were accused, but a mock trial ensued, when they 
were found guilty and beheaded. A number of half-castes 
and native Christians, amounting to no less than ninety 
individuals, were also dragged to the church and there 
butchered. 

Shahjehanpore, situated 50 miles to the south-east of Ba- 
reilly, was the scene of a more striking tragedy enacted on 
the same day. Here the Christian residents were at cluirch, 
when the 28th regiment, after cutting down their officers, 
surrounded the eaifice, and massacred the whole congre- 
gation. 

Agra also added to its celebrity by the heroic conduct Agra, 
of its garrison during the military revolt. An escort of 
treasure, proceeding from this place to Muttra about the 
middle of May, and consisting of two companies of the 44 ih 
and 67th native infantry, shot their officers, and decamped 
with the booty. Intelligence of the atrocity being conveyed 
to Agra, the two regiments on the 31st of May were ordered 
to parade and deliver up their arms. No hesitation was 
evinced by the men in obeying the mandate. From this 
time all was quiet for several weeks. But at the commence- 
ment of July the city was menaced by the 72d native in- 
fantry, a wing of the 7th light cavalry, and the 4th troop 
1st battalion horse artillery, who, their ranks being swelled by 
bodies of malcontents, had marched to Futteypore Sikri from 
Neemuch, a cantonment distant 300 miles. At their ap- 
proach the European inhabitants took refuge within the 
fort The garrison there consisted of the East India Com- 
pany’s 3d regiment of European infantry, numbering, wdth 
the artillery, 650 men, besides 500 volunteers, foot and 
horse. On Sunday, the 5th of July, about 500 of this garri- 
son, — it being known that the enemy were within 3 miles 
of the station, — boldly issued forth to confront the enemy. 

An obstinate battle ensued, and the rebels were dislodged 
from their position ; when, the ammunition of the British 
force falling short, it was compelled to retreat. The Eng- 
lish loss amounted to 49 Europeans killed, and 92 wound- 
ed. The spirit and gallantry displayed on the occasion 
seems to have had one good result, in securing the fort 
from attack or investment. About 5000 Europeans, in- 
cluding the garrison, had taken refuge within its pre- 
cincts. The native troops stationed at Agra, consisting of 
the Kotah contingent and the Kerowlee horse, mutinied 
before the battle, and joined the rebels. Some weeks pre- 
vious to these events, e.e., on the 25th of May, a procla- 
mation had been issued by the lieutenant-governor of 
Agra, offering pardon to all mutineers who should lay down 
tlieir arms. This proclamation w’as disapproved by the 
government, and another substituted. Subsequently the 
rebels were dispersed. On the 24th of August a detachment 
from the fort, under Major Montgomery, consisting of 
about 200 men, encountered a strong body of the insur- 
gents of the Doab, posted in the inclosed garden of 
Maun Singh, between Hatrass and Allygurh, and drove 
them back with great slaughter in the direction of Allygurh. 

At Benares, from the moment of the outbreak, great Benares, 
uneasiness had been felt, and when Colonel Neill reached 
that city with the 1st Madras fusiliers on the 3d of June, 
matters were in a very critical state. On the following 
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Mutiny of day a report reached the city that the I7th regiment of 
1857. native infantry had broken out into open mutiny, and 
attacked an escort of treasure at Azimgiirh, situated BO 
miles north of Benares. Upon this it was thought advisable 
to disarm the 37th regiment of native infantry, in which 
some excitement had been displayed. The regiment 
being ordered on parade, Colonel Neill called upon die 
men to lay down their arms. This was answered by a fire 
upon the British, which was immediately returned by the 
artillery and Europeans. The Sikh regiment and the ir- 
regular cavalry joined the mutineers. Upon observing the 
dikffection of die Sikhs, the artillery opened fire upon them, 
and broke them, though they charged up to the muzzles 
of the guns. The expulsion of the 37th from the lines was 
then effected, the mutineers taking the route of Jaunpore. 
After doing good service at Benares, Colonel Neill pushed 
on to Allahabad, where he arrived on the 11th of June, 
in time to save die fort. Here the 6th regiment of native 
infantry, which had rendered itself conspicuous by declara- 
tions of loyalty, mutinied on the 4th of June. The mutineers 
were joined by three troops of Oude irregular cavalry, and 
turned upon their officers, thirteen of whom they cut down. 
The remainder, with several civilians, took refuge in the fort, 
while the town was occupied by the insurgents ; an in- 
fluential Moulvie having set up his standard in the imme- 
diate vicinity, and gathered around him the elements of 
rapine and disorder. Colonel Neill found the place closely 
invested by the rebels. These he attacked on the 13th 
and 15th of June, on which last-mentioned day the enemy, 
beaten on all points, abandoned the city. On the 12th of 
July Colonel Neill was promoted to the rank of brigadier- 
general ; and on the IGth, having handed over the command 
of the Allahabad garrison to Captain Hay of the 78th High- 
landers, proceeded to Cawnpore to join General Havelock. 
The death of this gallant officer at Lucknow has been al- 
ready noticed. 

Gwalior. The Gwalior contingent, a body of native troops paid 
by Scindia, but commanded by British officers, revolted on 
the 16th of June, in spite of the efforts made by the Maha- 
rajah, through whose aid alone the British officers escaped. 
From that time to the middle of November this powerful 
body of rebels remained inactive in the neighbourhood of 
Gwalior, being kept in check by Scindia, who called out 
his feudatories for that purpose. Several times a battle was 
on the eve of being fought, in which the superior discipline 
of the rebels would have probably given them the advan- 
tage. Had they succeeded, or had Scindia been less warm 
in the English cause, it cannot be doubted that the mutinous 
^ contingent would have agreed to the proposal of the In- 
dore rebels and marched on Delhi, in which case the 
British besieging army would have been in imminent peril. 
Foiled, however, by the opposition of Scindia, the Gwalior 
contingent at length, about November, advanced towards 
Cal pee, and thence, on the 24th of that month, marched 
on Cawnpore, where they engaged and defeated General 
Windham, but were subsequently routed, as mentioned 
above, by Sir Colin Campbell. They, nevertheless, still 
continued to hang about Calpee ; and on one or two occa- 
sions skirmished sharply with the English advanced posts 
in that direction. 

Indore. Holkaris contingent rose on the 1st of July, and attacked 
the government British Residency, which they destroyed, 
and killed several officers and many persons connected with 
the English government. Most of the Indore officials and 
Europeans escaped to Sehore, from whence they arrived 
safely at Hoshungabad. The main body of these mutineers 
marched to Gwalior, where they vainly endeavoured to pre- 
vail on the Gwalior contingent to join tliem in an advance on 
Delhi. At last, on the 5tli of September, they proceeded to 
Dholpore, about 30 miles from Agra, at the point where the 
road from Delhi to Botaabay crosses the ChumbuL Fortunate 


it was that Delhi had fallen ere this great force of rebels Mutiny of 
could reach it. Colonel Greathed’s column, which had been 1867. 
despatched towards Agra as soon as Delhi was completely 
occupied, after dispersing the Jhansi rebels in a sharp 
action at Bolundshuhur on the 27th of September, and 
blowing up the fort of Malagurh on the 29th, reached Agra 
on the 10th of October early in the morning. The weary 
troops had scarce begun tp encamp when they were charged 
by the cavalry of the Indore rebels, whose guns opened on 
them at the same time. The English suffered some loss, 
and had a gun captured before they could form their ranks 
to resist this surprise. The Sikh horse were the first to 
charge the enemy, and they were followed by the 9th 
lancers, who charged in their shirt sleeves. The English 
guns then opened, and, after a fierce engagement of two 
liours, the rebels were routed with great slaughter, with the 
loss of thirteen guns and all their camp equipage. From 
the date of this overthrow Holkaris contingent never again 
formed a compact body. Indore itself was kept from join- 
ing fully in the rebellion, mainly through the zealous efforts 
of the young Prince Holkar, who throughout showed the 
most unshaken fidelity to the British. On the 15th of 
December the Malwah field force, under Brigadier Stewart, 
arrived in the city, and disarmed the malcontents, on many 
of whom summary justice was executed. 

At Jhansi the troops, consisting of a wing of the 12th Jhansi. 
native infantry and some irregular cavalry, mutinied on the 
5th of June, and a large number of Europeans, men, women, 
and children, were horribly murdered. The rebels marched 
off to Delhi. Upon the recapture of the city by the Brit- 
ish on the 21st September, the Jhansi insurgents evacuated 
the place, and took the road to Bolundshuhur, where, on 
the 27th, as above stated, they were attacked by the pursu- 
ing column under Colonel Greathed, and completely routed. 

At Saugor, in Central India, although the majority of the Saugor. 
troops participated in the general spirit of mutiny, a re- 
markable instance of loyalty was displayed by one regi- 
ment. On the 3d of July, the 42d native infantry, and 
part of the 3d irregular cavalry, mutinied, and called upon 
the 31st regiment to join them. The latter regiment, 
deprived of its European officers, who had taken refuge iu 
the fort, nevertheless behaved most loyally, drove the mu- 
tineers out of the station, retook a large signal gun and six 
elephants, which they restored to the authorities. The de- 
feated rebels were, however, joined by large bodies of 
Boondelas and other marauders, and soon after completely 
invested Saugor, which remained in a state of siege and in 
extreme danger till the 3d of February 1858, when it was 
relieved by General Sir Hugh Rose, commanding the Ner- 
budda field force. 

Though the spirit of disloyalty was known to be all but Dinapore, 
universal throughout the Bengal army, tliree regiments of 
native infantry continued to be maintained in full force at 
Dinapore. These were the 7th, 8th, and 40t]i. A depu- 
tation of merchants had waited upon the governor-general, 
entreating that these regiments might be disarmed ; but the 
reply had been, that the government had every confidence 
in the fidelity of the men. Shortly afterwards, however, the 
symptoms of mutiny became unmistakeable, and on the 
25th of July the three regiments threw off their allegiance, 
and broke out in insurrection. At this time Her Majesty's 
10th foot, and part of Her Majesty's 37th regiment, with 
an European field-battery, were quartered at Dinapore. 
Nevertheless, by the mismanagement of General Lloyd, in 
command of the station, and owing to his physical unfit- 
ness for his duties, the three mutinous regiments were 
allowed to cross the Soane river, and to escape with little 
loss to Arrah, distant twenty-five miles west of Dinapore. 

Here Mr Wake, the magistrate of the district, with 11 other 
Europeans and 45 Sikhs had taken refuge within a small 
bungalow^ which had been previously fortified^ The build- 
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Mutiny of ing was forthwith surrounded by the insurgents. This 
1857. being made known at Dinapore, a detachment composed 
of 350 men of the 10th and 37th regiments was despatched 
by boats for the relief of the little band ; but being landed 
by night, under the direction of treacherous guides, the 
party fell into an ambuscade, and were driven back with a 
loss of more than half their number killed and wounded. 
The disaster was in some degree retrieved by the heroic 
defence of the besieged garrison. These succeeded in 
holding the rebels at bay during seven days, until the 
8th of August, when, after the failure of the expedi- 
tion from Dinapore, they were relieved by Major Vin- 
cent Eyre, of Caubul celebrity, who, wuth a detachment of 
200 men and three guns from Buxar, dispersed a force of 
3000 insurgents, headed by a native rajah, Kowur Singh, 
of Jugdeespore, with three pieces of artillery. The par- 
ticulars of this romantic defence are thus given by Mr 
Wake, the magistrate of Shahabad : — ‘‘ During the entire 
siege, which lasted seven days, every possible stratagem 
was practised against us. The cannons were fired as fre- 
quently as they could prepare shot, with which they were 
at first unprovided, and incessant assaults were made upon 
the bungalow. Not only did our Sikhs behave with perfect 
coolness and patience, but their untiring labour met and 
prevented every threatened disaster. Water began to run 
short — a well 18 feet by 4 was dug in less than twelve 
hours ; the rebels raised a barricade on the top of the 
opposite house — our own grew in the same proportion ; a 
shot shook a w^eak place in our defence — the place was 
made twice as strong as before; we began to feel the 
want of animal food and short allowance of grain — a. sally 
was made at night, and four sheep brought in ; and finally, 
when we ascertained beyond a doubt that the enemy were 
undermining us, a countermine was quickly dug. On the 
30th, the troops sent to our relief from Dinapore were at- 
tacked and beaten back close to the entrance of the town. 
On the next day the rebels returned, and telling us that 
they had annihilated our reliefi offered the Sikhs and the 
women and children (of whom there were none with us) 
their lives and liberty, if they would give up the government 
ofilcers. August the 1st, we were all offered our lives, and 
leave to go to Calcutta, if we would give up our arms. On 
the 2d, the greater part of the sepoys went out to meet Major 
Eyre’s field force, and on their being soundly thrashed, the 
rest of them deserted the station ; and that night we went 
out, and found their mine had reached our foundations, and 
a canvass tube filled with gunpowder was lying handy to 
blow us up ; in which, however, I do not think they would 
have succeeded, as their powder was bad, and another 
stroke of the pick would have broken into our countermine. 
We also brought in the one gun which they had left on the 
top of the opposite house. During the whole siege, only 
one man, a Sikh, was severely wounded, though two or 
three got scratches and blows from splinters and bricks.” 
The mutineers, driven from Arrah, retreated in the direc- 
tion of Jugdeespore, whither they were pursued by a de- 
tachment of the 10th foot. Here the men of that regi- 
ment gloriously avenged the slaughter of their comrades 
at Arrah. After a contest which lasted for upwai’ds of two 
hours, Jugdeespore fell into their hands. No less than 400 
of the rebels were cut down, and the remainder completely 
routed. General Lloyd being removed from his post. Sir 
James Outram succeeded to the command of Dinapore, but 
shortly after moved up towards Oude. 

J ubbul- Among the latest revolts was that of the 52d native in- 

pore. fan try, which mutinied and quitted Jubbulpore, a station 
111 miles S.E. of Saugor, with the view of effecting a junc- 
tion with the Dinapore rebels. The insurgents were met 
near the fort of Saugor by the column of Madras troops 
from Kamptee, and defeated, with a loss of 1 50 killed. Lieu- 
tenant Macgregor, who had been detained by the regiment 


as a kind of hostage, was murdered by the rebels. His body Mutiny of 
was found by the British covered with wounds. 1857. 

At the small town of Nagode or Nagound, on the road 
fi*om Saugor to Allahabad, and about 30 miles to the N.W. Nagode. 
of Rewah, was stationed the 50th Bengal native infantry. 

This corps mutinied, but without slaughtering its officers, 
not long after the outbreaks at Saugor and J ubbulpore ; and 
thus the circle of rebellion was completed in Bundelcund. 

The rajahs of Saugor and Shahgurh, and the rani of Jhansi, 
aided the insurgents with all their power. The rajah of 
Rewah remained faithful, though his troops were disaf- 
fected. 

On the 21st of August a detachment of the JodhporeAboo. 
legion, stationed at Aboo, rose, plundered the bazaar, and 
attempted to murder some invalids of Her Majesty’s 83d 
regiment, but were repelled from their barracks with loss. 

They wounded Mr A. Lawrence, son of General G. Law- 
rence, and, descending the mountain, plundered the village 
of Anadra at the foot of it, and then proceeding to the 
stations where the other parts of the legion were, induced 
them to join. On the 1st of September General Lawrence 
marched -from Ajraere to meet them, and on the 18th came 
upon them at Awah, and succeeded in driving them from 
their position outside the town, but finding this too strong 
to be attacked, was compelled to retire. Here Captain 
Monk Mason, who had pushed on from Palee to join 
General Lawrence, was killed in the attempt. About this 
time the chiefs of Dhar, Mundesore, and Amjheera, joined 
in the rebellion ; and on the 19th and 20th of September 
a sharp action was fought at Neembhera, about 20 miles 
N.W. of Neemuch, in which the 12th Bombay native in- 
fantry, and the 2d Bombay cavalry, distinguished them- 
selves. The place was taken with the loss of one Euro- 
pean killed, and 16 natives killed or wounded. The 
Jodhpore legion was subsequently completely routed at 
Narnoul, 86 miles S. of Hansi, by Colonel Gerrard, who 
was killed in the action. Five officers were wounded, and 
the total of killed and wounded was 70. 

At Kotah, the capital of the Rajpoot state of that name, jcotaR. 
situated on the right bank of the Chumbul, 195 miles S-W. * . 
of Agra, the forces of the rajah, consisting of 2140 infantry, 

710 cavalry, and 600 artillerymen, rose against his authority, 
and in rebellion against British supremacy, on the 15th of 
October, and murdered the political agent, Major Burton of 
the 40th Bengal native infantry, with his two sons. They 
then plundered the Residency and set fire to it. 

Besides these principal outbreaks, many lesser risings and iiutimes 
mutinies of single corps, or detachments of corps, took place in other 
in various parts of India. Thus the Ramgurh battalion 
mutinied near Sherghotty, and on the 29th of September 
were met and routed by Major English with a detachment 
of the 53d regiment and some Sikhs. The 32d native in- 
fantry rose at Deogurh in the south-west districts, and killed 
Lieutenant Cooper, Mr Ronald, and some others ; the 34th at 
Chittagong, and the 73d at Dacca and Julpigoree, also 
mutinied so late even as November 1857, but the defec- 
tion of these corps produced only local disturbance, and 
added little or nothing to the danger and magnitude of the 
general revolt. In the meantime, the Madras army, with 
the exception of the 8th cavalry, which refused to proceed 
on service to Bengal, and was consequently disarmed, and 
a few irregular troops at Nagpore, continued faithful and 
aided greatly in the suppression of the revolt. The prin- 
cipal native ruler in Southern India, the Nizam, threw the 
whole weight of his influence into the scale in favour of the 
British ; and his minister, Salar J ung, a nobleman of Euro- 
pean energy, courage, and abilities, crushed a desperate 
attempt of tlie fanatical Rohillas to raise the standard of 
rebellion at Hyderabad. In the Bombay army, where there 
w^ere 15,000 soldiers, recruited from Oude and the adjacent 
provinces, the case was different. On the evening of the 
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Mutiny of Slstof July, 167 men of the27th Bombay native infantryrose 
1857. Kolapore, in the South Mahratta country, and murdered 
three of their officers, and carded off 37,000 rupees from 
the treasury. They were shortly afterwards attacked by 
Lieutenant Kerr, wi til a bodyof the South Mahratta irregular 
horse, and dispersed or destroyed. The fugitives perished 
in the jungles of want, or were killed by the villagers. On 
the idth of August a trooper of the 1st Bombay lancers 
attempted to raise an emente at Nusseerabad, and was for a 
time protected by the 12th native infantry, but at length 
shot. About the same time a small part of the 2d Bombay 
cavalry mutinied at Neemuch, and were not overpowered 
without a struggle, in which four Europeans lost their lives. 
Plots were also discovered in the 2d grenadiers at Ahmeda- 
bad, and the 29th native infantry at Belgaum ; and on the 
20th of August the havildar major of the latter regiment, 
and some others, were executed. At Bombay the 10th 
native inflintry were discovered to be in a disaffected state ; 
and a soldier of that corps, and one of the marine battalion, 
were blown from guns. But it was in Sindh that the most 
extensive conspiracy was formed ; and but for the fidelity 
of Jacob’s liorse, and the admirable management of the 
commissioner, Mr Frere, the whole of that province would 
have been in a blaze. At Kurrachee the 21st Bombay 
native infantry were disarmed, and a considerable number 
cf sepoys executed ; at Shikarpore and Hyderabad there 
were attempts at a rising; and at the former place the 
Bengal artillerymen seized the guns, and kept up a fire on 
cantonments for some time. These particulars suffice to 
prove the alarming state of India when the European rein- 
forcements from England began to arrive. It remains now 
to show how' these were made available for the extinction 
of the revolt. 

Measures Between June the 18th and the end of November 1857, 
for sup- ninety-four large transports were despatched from England, 
th^rcYolt board 34,481 European soldiers to reinforce the 

royal army in India. In addition to these, 900 men w'ere 
despatched overland ; and several regiments were drawn 
from the Cape, Ceylon, and the Mauritius, and also from 
the China expedition, whence also was furnished a formi- 
dable naval brigade, the men of which served 68-pounder 
guns with terrible effect in the storming of Lucknow. In 
the beginning of November the bulk of these reinforce- 
ments began to arrive, and in the first fortnight of that 
month 8000 men were landed at Calcutta alone. Thus 
along the Ganges a stream of reinforcements was constantly 
flowing up, enabling the commander-in-chief to reduce 
Lower Bengal to order, garrison the chief places, and pre- 
pare a powerful army for the capture of Lucknow and the 
complete conquest of Oude. At the same time Sir J. 
Lawrence was actively engaged in levying new Sikh troops 
and despatching them to the south ; while Jung Bahadur, 
the regent of Nepal, sending forward several thousand 
Gorkhas to the aid of the British, prepared to descend from 
the hills into Oude with 10,000 more. At Madras and 
Bombay, as fresh European regiments arrived, those al- 
ready in the presidencies were pushed up towards Central 
India, and there formed into columns, which gradually 
swept the rebels towards the east, and co-operated with 
the columns from the Delhi and Punjab armies, which, 
advancing southward, cleared the Doab and Rohilcund, and 
drove tlie insurgents into Oude, where they were stopped 
by Sir C. Campb^ell and the main army. Turning to the 
operations of the subsidiary columns during the close of 
1857,^ abd taking that of Colonel Greathed first, it may 
be briefly noticed, that after the defeat of the Indore rebels 
on the 10th of October, this force halted a few days at Agi'a, 
and reached Mynpooree, 71 J miles to the east of Agra, on 
the 19th; and on the day previous Brigadier Grant took 
command from Colonel Greathed. Tlie guns and treasure 
of the rajah, who had fled with the rebels, were here cap- 


tured, and the fort was blown up. On the 23d the column Mutiny of 
arrived at Kanouj, and there falling in with a body of th'- . 1857, 
Delhi fugitives, killed 200 of them, and captured five guns, 
with the loss of one officer and two privates wounded. On 
the 26th the column reached Cawnpore, whence, its losses 
being recruited by fresh troops, and having been made up 
.to 3460 men, with twenty guns, it moved on towards Luck- 
now, and arrived at Nawabgiinge, near that city, on the 1st 
of November. From this date its operations merge in 
those of the main army. 

In the meantime, the districts west of Dellii were swept Delhi co- 
by a column under Brigadier Showers, who, on October thelumn, 

2d, captured Rewaree, 50 miles S.W. of Delhi, the town 
of a rebel rajah, who fled, leaving twelve guns loaded on the 
ramparts of his fbrt. On the 12th Brigadier Showers reached 
Jhajhar, once the capital of thcadventuier George Thomas, 
but now of a rebel nawab, who was made prisoner on the 
17th, and subsequently hanged at Delhi. The column then 
moved to Dadree, cutting to pieces some small parties of 
rebels on the way, and thence to Kanoimd, where fourteen 
guns and considerable treasure and stores were taken. On 
the 31st of the same month a detachment of this column 
cut up a body of Mewatties on the heights near Sona, in 
the Goorgaon district. The column returned to Delhi on 
the 9th of November, and immediately after moved out 
again to Meerut, en route for Bewar. 

From Madras a strong column having assembled at Madras 
Kurnool under Brigadier Whitlock, moved upon Jubbul- ami}, 
pore, and on the 15th of December advanced from that 
town into the Saugor territory, quieting the disturbed dis- 
tricts as it proceeded, and sending on two regiments of 
cavalry to clear the way to Benares. The advance of this 
column was greatly facilitated by the brilliant successes of 
Captain Osborn, the political agent at Rewah, and Lieu- 
tenant-Colonel Hinde, who, with the forces of the rajahs of 
Punnah and Rew^ah, and some levies raised in Bundelcund, 
defeated several bodies of insurgents, and captured the 
strong fort of Bijrajooguih, tlic killadar of which j)lace, 
and ninety-three other prisoners, w-ere shot by command of 
Brigadier Whitlock. Simultaucoubly almost witli the suc- 
cessful operations of the last-named officers, an alarming out- 
break of the wdld tribes in Sumbul[)ore, a large expanse of 
jungly country directly south of the region in w’hich the 
column of Brigadier Whitlock w’as moving, w’as put dowui 
by Major Bates of the 40th Madras native infantry, and 
Captain Wood, commanding a squadron of the Nagpore ir- 
I'egular cavalry. On the 30th of December Captain Wood, 
with 73 horsemen and 200 infantry of‘ the 40th native in- 
fantry and Ramgurh battalion, encountered a body of the 
rebels near Sumbulpore, and killed fifty-throe and dispersed 
the rest* Captain Wood, who killed three of the enemy with 
his own hand, was wounded, with Dr Winslow and nine 
privates. These rebels had previously murdered Dr Moore 
not far frona the spot where they were defeated. Another 
body of insurgents w^as shortly afterwards routed with great 
slaughter by Major Bates in the same district. Madras 
troops were likewise successfully engaged some weeks later 
in suppressing a rebellion raised by th.e rajah of Shorajjore, 
a small principality in tlie S.W. angle of the Nizam’s terri- 
tories. On the 7th of February the troops of the rajah 
were defeated near his chief town by a small Madras 
column, with trifling loss to the English ; but Captain New- 
bery of the 8th Madras cavalry was killed, and Lieutenant 
Stew^art of the same corps wounded. Shorapore was occu- 
pied next day by Colonel Malcolm, with the South Mahratta 
horse ; and the rajah himself was made prisoner at Hydera- 
bad, whither he had fled. 

From the Bombay side a column called the Malwah field 
force, consisting of the 14th light dragoons. Her Majesty’s 
86th foot, the 3d Bombay cavalry, the 25th native infantry, 
some Bombay artillery, and a strong force of tlie Nizam’s 
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Mutiny of contingent, had been organized under Brigadier Stewart of 
1857. the 6th native infantry, for operations in Central India. On 
the 22d of October this column defeated a body of rebels 
near Dhar ; and on the 1st of November took that strong 
place, the fort being one of the strongest in India. After 
the battery had opened for four days, an advance was made 
to the breach, when the fort was found to be evacuated. 
A treasure of nearly half a million was here captured. On 
the 8th Brigadier Stewart marched nortli towards Mehid- 
pore, when an army of rebels under Heera Singh, formerly 
a jemidar in the Nagpore cavalry, had, with the aid of the 
Mehidpore contingent, which mutinied as they approached, 
committed gi*eat havoc, and killed Major Timms, Captain 
Mills, Dr Carey, and several other Europeans, as well as 
ISO of the contingent who remained stanch to the British. 
On the ISth Major Orr, with the 1st, 3d, and 4th Nizam’s 
cavalry, attached to the Malwah field force, came up with 
Pleera Singh, and made a most brilliant and successhil 
charge, retaking all the guns and stores just captured from 
the Mehidpore contingent. The rebels were pursued to a 
village ten miles from Mundesore, where their supports 
showed themselves in great strength. On the 2 1st the whole 
column, of which Major Orr’s cavalry formed part, was at- 
tacked by the Mundesore rebels, numbering about 8000 men, 
who were driven back into the town with heavy loss. On 
the 23d the column defeated Heera Singh at the village of 
Gooraria. The 14th dragoons captured five guns on the 
enemy’s left centre. Lieutenant Redmayne of that corps 
was killed, and seven officers were wounded, and 68 rank 
and file killed and wounded. On the night of the 24th 
the rebels evacuated Mundesore. These rebels had 
besieged Neemuch for the three weeks previous to the 
arrival of the Malwah field force, and on the 21st had 
attempted to carry it by escalade, but were repulsed with 
loss. The casualties on the English side were two 
European officers and four sepoys wounded. The 1 2th 
Bombay native infantry here particularly distinguished 
themselves. In a battle fought, however, at Jeerun, near 
Neemuch, on the 24th of the previous month, the English 
garrison of that town had sustained severe losses. On that 
occasion Captain Tucker of the 2d Bombay cavalry, and 
Captain Reade of Her Majesty’s 83d foot, were killed, five 
officers were wounded, and other casualties were numerous. 
The Malwah field force now made a long halt at Mun- 
desore, where many of the rebels were executed. On 
the 2d of December it moved south to Indore, which it 
reached on the 15th ; and next day Sir R. Hamilton, the 
governor-general’s agent for Central India, and General 
Sir Hugh Rose, arrived there, and Holkar’s mutinous troops 
were forthwith disarmed, and numerous executions took 
place. General Rose having gained the chief command of 
this column, which was now called the Nerbudda field 
force, proceeded to Sehore, a town in Bhopal, 132 miles 
S.W. of Saiigor. Arriving here on the 10th of January 
1858, he disarmed the mutinous Bhopal contingent sta- 
tioned at Sehore, and caused 150 of them to be executed. 
He had now with him the 14th and I7th dragoons, and 
the 3d Bombay lancers. Her Majesty’s 86th foot, the 3d 
Bombay European regiment, and a very powerful force of 
artillery, sappers and miners, and engineers. On the 26th 
the general laid siege to the strong fort of Ratgurh, which 
was taken on the 29th, many of the rebels escaping down 
the precipitous rocks. The day previous an insurgent force 
which attempted to relieve the garrison was defeated, 
and driven across the river, by Captain Hare with the 
Hyderabad contingent. A pretender, who had assumed 
the title of a prince of the house of Timour, named 
Muhammed Fazl Khan, was here taken and hung with 
another chief over the gate. On the 30th Sir H. Rose 
marched for Saugor, and at the first stage from Ratgurh, 
drove a body of rebels from some difiicult ground. Here 
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Captain Neville of the royal engineers, aide-de-camp to Mutiny of 
Sir H. Rose, was killed. On the 3d of February Sir ^ ^^57. 
Hugh reached Saugor and relieved the garrison, which had 
been besieged since July of the previous year. Twenty 
rebels were executed here. 

On the 3d of March Sir H. Rose, moving on J ban si, 
forced the Mudianpore Pass, with the loss to the British of 20 
killed and wounded. 

Early in January 1858 a strong column, under Brigadier 
Roberts, prepared to move from Deesa in Gujerat into 
Rajpootana. On the morning of the 6th, 200 men of the 
10th Bombay native infantry, 100 of Her Majesty’s 95th 
regiment, 2 guns, 30 men of Captain Aitken’s battery, and 
20 of the royal sappers and miners, under command of 
Major Raines of the 95th, went forward to attack the village 
of Rowah, 9 miles from Deesa. It was found strongly for- 
tified, but the infantry gallantly stormed it. Three British 
officers were wounded, and several men. Gold and silver 
coins to the value of L.5000 were found among the ruins of 
the village. On the 10th Major Raines, having sent back 
his sick and w^ounded to Deesa, and having received rein- 
forcements, advanced towards Awah, his column now con- 
sisting of the 8tli hussars, 1st Bombay lancers and 2d 
cavalry, Her Majesty’s 72d Highlanders, and 96th and 51st 
regiments, with a detachment of the 83d and the royal en- 
gineers, the 1st and 2d native infantry, Captain Aitken’s 
battery, 2 troops of horse artillery, and a siege train. 

On the 19th the column was joined at Jaitpoora, 2 miles 
from Awah, by two companies of the 83d, a battery of 
foot artillery, 600 Sindh horse, two squadrons of the 1st 
lancers, and part of the 12th native infantry, under 
Colonel Holmes of the latter regiment, who took com- 
mand of the whole force. On the night of the 23d 
this column captured Awah, one of the strongest towns in 
Rajpootana, taking 16 guns and 170 prisoners, of whom 
25 were executed forthwith. On the 1st of February 
General Roberts marched from Deesa to join Colonel 
Holmes, having with him some sappers and miners, a 
wing of the 9tli regiment, and some of the 2d cavalry, and 
having effected a junction, the whole column, 7000 strong, 
with 30 guns, marched towards Kotah, through the pass of 
Bharoondurrab. 

In the meantime, the commander-in-chief was busily 
engaged in preparing for the final reduction of Oude and the of the main 
capture of Lucknow. After the complete route of the G wa- army, 
lior rebels, and their flight across the river into Oude, or 
westward to Kalpee, Sir C. Campbell despatched a column 
under Brigadier Walpole to clear the Lower Doab, and 
make its way to Etawah. He himself, leaving three regi- 
ments at Cawnpore with instructions to put that place in a 
state of defence by digging rifle-pits, throwing up earth- 
works, and levelling buildings that might yield cover to an 
enemy, moved with the main army upon Furruckabad. This 
place, the capital of the district so called, and distant from 
Agra 90 miles, from Lucknow 95, is on the left bank of the 
Ganges, while the British cantonment of Futtygurh lies 
about 3 miles to the west, on the right bank of the river. 

Both places were occupied in great force by the rebels ; and 
the nawab had taken a leading part in the insurrection, and 
by the murder of a great number of Europeans had made 
himself only less infamously prominent than Nana Sahib. 

As Sir C. Campbell approached, the nawab received an ac- 
cession of strength from Etawah, the rebels at that place 
deserting it on the 29th of December, when Brigadier Wal- 
pole entered, and flying to Furruckabad. On the 20th of 
January Sir Colin came to a place one march from Fur- 
ruckabad, where abridge over the Kalee Nadee had to be 
repaired. The working parties were attacked by about 5000 
rebels, who were, however, quickly put to flight, with the 
loss of all their guns, seven in number. Here a most gal- 
lant officer, Lieutenant Younghusband, of the 5th Punjab 



314 NOETH-WESTE 

Mutiny of cavalry, was wounded mortally, and Lieutenant Maxwell, 
1857. of the Bengal artillery, severely. The next day Sir Colin 
occupied Furruckabad, which was evacuated by the enemy, 
the nawab • leaving his guns and stores behind him. A 
column from Delhi, under Colonel Seaton, arrived at Fut- 
tygurh at the same time. On the 29th of December Cap- 
tain Hodson, of the irregular cavalry, had brought des- 
patches from this column to Sir Colin, riding 90 miles across 
a country overrun with rebels. In this hazardous exploit 
three of his escort were killed, and a few wounded. On 
the 13th of January Brigadier Walpole, with his brigade, 
was moved forward to repair a bridge over the Ram Gunga ; 
and as a powerful force of the enemy assembled to oppose 
him on the opposite bank, reinforcements were sent out to 
him on the 15th. On the 26th a sharp action was fought 
between a force under Brigadier Hope, and 5000 of the 
rebels, with four guns, who had crossed the river at Mhow, 
18 miles from Furruckabad. Captain Hodson was severely 
wounded, and his second in command, Lieutenant Mac- 
dougal, killed. Captain Steel of the 9th lancers, and 
Lieutenant Gough of the 3d Bengal cavalry, were also 
wounded; and 13 men and Dr Fairweather of the 4th 
Punjabees, and 10 men of Her Majesty’s 53d regiment, 
were killed or wounded by the explosion of one of the 
enemy’s tumbrils. On the 1st of February the com- 
mander-in-chief, leaving a brigade to watch the Rohilcund 
^ rebels, broke up his camp from Futtygurh and descended 
upon Cawnpore. He himself rapidly passed through the 
place on the 4tb, reached Allahabad on the 8th, where he 
had an interview with the governor-general, who was now 
on his way to the seat of war. Tlie same night he returned 
to Cawnpore, where, till the beginning of March, he was 
employed in superintending the concentration of stores and 
troops for the advance on Lucknow, On the 3d of Febru- 
ary the 88t]i regiment, with two guns and some Sikh horse, 
despatched to watch the Kalpee rebels, arrived at Bhogni- 
pore, 5 miles from Kalpee. Next morning they were at- 
tacked by the rebels from the latter place, consisting of 
part of the Gwalior contingent, and the 32d and 40th 
native infantry. The enemy first attacked the picquet of 
Captain Thomson, who commanded the Sikh horse. He 
bravely held his ground until reinforced, when the enemy 
were repulsed, and pursued to within a mile of Kalpee. 
Captain Thomson was wounded, and six men, the former 
severely. On the 7th of February Mr A. Hume of the 
civil service, with 400 matchlock-men, and a corps of 
irregular cavalry under Captain W. Alexander and Mr 
Maconochie, moved out from Etawah 22 miles to Anundram, 
where about 800 rebels occupied a strong position with one 
gun. Mr Hume gallantly led the storming party, and put 
the rebels to flight, who were then sabred by the cavalry. 
The enemy left 25 dead on the field ; their gun was taken, 
and 6 prisoners, who were hanged. Mr Hume’s party lost 
38 killed and wounded. About a month previous to this 
the Bareilly rebels despatched three columns, two to attack 
Nynee Tal, and the third to overrun the Saharunpore 
districts, On the 10th of February one of these columns 
was encountered by Colonel M'Causland from Nynee Tal, 
with the 66th Gorkhas, 200 cavalry, and 2 guns, near 
Buteree. The enemy lost 3 guns, and had 250 men killed. 
The British loss was 35 killed and wounded, including 2 
ofiicers wounded. The third rebel column, led by the 
Nawab of Najeebabad, crossed the river at Kunkhal, near 
Hurdwar, on the 10th of January, and were immediately 
attacked by Captain Boisragon witli 100 Gorkhas, a few 
Sikhs, 10 Europeans, and 2 guns. The rebels fled in con- 
fusion on being charged by the Gorkhas in flanks, and by 
the Sikhs, led by Mr Melville of the civil service, in front ; 
^d the Moyapore dam being suddenly opened by Captain 
Drummond, of the canal department, as they were fording 
the stream on their retreat, great numbers of them were 


EN PROVINCES. 

drowned. The nawab himself was wounded, and his nephew Mutiny of 
fell by Captain Boisragon’s own hand. 18f)7. 

It is requisite here, in order to complete tlie view of 
operations at this time, to revert for a moment to the Bom- Mutiny of 
bay presidency, where the Bheels in the Ahmednugur andtheBheek 
Khandesh collectorates, and adjoining districts, and along 
the Sautpoora Mountains, had risen in arms so early as Sep- 
tember 1857. On the 8th of October a number of them, 
estimated at 1500 men, had posted themselves on a hill at 
Sinnore, 20 miles S. of Nassuk. Here they were on that 
day attacked by Lieutenant Henry, superintendent of the 
'Ahmednugur police, who was killed, and his party repulsed 
with severe loss. On the 29th of the same month, Raghujee 
Bhangria, a Bheel chiefs passed through the Ahmednugur 
districts, plundering and burning. During the end of No- 
vember and December the Bheels, under Khajja Singh, 
in great force, lined the Sautpoora Hills, near the Sindhia 
Ghat, and are said to have carried off plunder from the ad- 
jacent villages to the amount of L, 140,000. Towards the 
end of January the Bheels of Chandore were attacked by 
Captain Montgomery, superintendent of the Ahmednugur 
police, in a dense jungle, 12 miles S.E. of that place, with 
inclilFerent success. He gallantly led his men three times 
to the charge, but was himself badly wounded, and obliged 
to retire. Lieutenant Stuart of the nizam’s infantry was 
killed ; Lieutenant Davidson of the 19th native infantry, 
and Lieutenant Chamberlain of the 26th native infantry, 
wounded, — the former dangerously. On the 19th of 
February another engagement took place near the same 
spot, at Mahadeo Donger, when Captain Pottinger de- 
feated the insurgent Bheels, and took many prisoners. 

Returning to the operations in Oude, it is requisite, be- The Oovk- 
fore describing the first advance of the commander-in-chief 
from Cawnpore, to give a brief summary of the movements 
of the Gorkha forces despatched by Jung Bahadur to the 
aid of the British, and subsequently supported by a power- 
ful column under his own command. The Nepal chief 
had, soon after the outbreak, volunteered his assistance to 
the governor-general, but his overtures were at that time 
rejected. In July, however, 3000 Gorkhas had reached 
Goruckpore ; but owing to the masses of rebels which sur- 
rounded them, they retreated from that place, with all the 
Europeans belonging to the station, on the 13th of August, 
towards Azimghur. At Gujhaba, 35 miles from Goruck- 
pore, they were attacked by some thousands of rebels under 
Mohammed Hoossain, but soon repulsed their assailants, 
killing 150, and taking many prisoners, who, with two ex- 
ceptions, were all put to death. The Gorkha loss was 2 
killed and 7 wounded. Having arrived at Azimghur, which 
they found plundered by the rebels, they halted there, and 
on the 20th of September sent out 1000 men under Cap- 
tain Boileau to attack a party of insurgents at Nundowlee, • 
belonging to the Rajali of Attroniah. The Gorkhas were 
completely successful, and took three brass guns at the point 
of the bayonet, killing 100 of the enemy, and having tliem- 
selves but 16 wounded. Jung Bahadur at this time sent a 
reinforcement of two regiments to the hill stations of Almora 
and Nynee Tal. Major Ramsay, with 150 Gorkhas, 25 
irregular horse, and 30 gentlemen volunteers, before the 
above reinforcements arrived, attacked a body of 800 rebels 
advancing on Almora from Bareilly, and killed upwards of 
100, losing only 1 risaldar killed, and 1 Gorkha wounded. 

On the 30th of October Colonel Wroughton, with 500 
men of Her Majesty’s 10th foot, 1100 Gorkhas, and some 
guns, drove a body of 5000 rebels, with 4 guns, from a 
position at Chanda. The Gorkhas gallantly captured the 
guns, and killed 400 of the enemy, losing 13 of their own 
men killed, and 60 wounded. The same Gorkhas had, 
on the 19th, defeated Hasan Yar Khan at Kudwa. In that 
action Messrs J enkinson and Carnegy of the civil service 
greatly distinguished themselves, and killed 7 of the enemy. 
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Mutiny of Towards the end of November the rebels from Lucknow 
1857. pushed heavy columns to the south ; so that the Gorkhas 
were compelled to again evacuate the Goruckpore district 
and Azimghur. On the 2d of December Jung Bahadur 
arrived at Segowlee, in the plains, having with him 9000 
regular Gorkha troops and a multitude of irregulars. 

On the 19th of December the Calcutta Gazette an- 
nounced that Jung Bahadur was entering the plains of 
Hindustan to co-operate with the British troops in the 
restoration of order in tlie British provinces. Brigadier- 
General Macgregor was appointed to accompany the Ne- 
paulese chief ; and a strong brigade under Colonel Franks 
was organized at Benares to co-operate with him by ad- 
vancing in the direction of Jaunpore and Azimghur. Her 
Majesty’s 97th and 20th foot, with a wing of the 10th regi- 
ment and some royal artillery, formed the nucleus of 
this force. On the 6th of January Jung Bahadur, with 14 
regiments of infantry and 4 batteries of artillery of 6 guns 
each, took Goruckpore. The enemy’s position was strong, 
but their resistance feeble. They lost 7 guns, and had 200 
men killed; while the Gorkha loss was 2 killed and 7 
wounded. Previous to this action a column of the Goruck- 
pore rebels had been defeated at Sobanpore, 5 miles S.E. of 
Majhowlee, and 40 from Goruckpore, by Colonel Rowcroft 
with the naval brigade (about 160 men) and two Gorkha 
regiments. The rebels lost a gun, and had 200 killed ; 
while there were but 4 wounded in Colonel Rowcroft’s 
force. In the meantime the enemy had shown themselves 
in such force near Azimgurh, that Colonel Longden, com- 
manding there, had been compelled to retire. By the 22d 
of January Jung Bahadur’s van had reached Belwa Bazar, 
on the Gogra, opposite Fyzabad; and Colonel Franks’ 
column had been swelled by 4000 Gorkhas, some Madras 
troops, Sikhs, 200 sailors, while his artillery amounted to 24 
guns. On the 4th of February the advanced troops of the 
Gorkha main army attacked and dispersed the rajah of 
Gondah’s army near Fyzabad, with the loss to themselves 
of only 1 killed and 2 wounded. But Brigadier Franks 
w^as now rapidly pushing forward; and on the 19th of 
February he defeated at Chanda two armies of rebels, 
one of 8000 men, the other of 11,000. The loss of the 
enemy was very heavy. On the 23d the same officer 
gained a still more decided victory, killed 1800 of the rebels, 
and captured their standing camp and 20 guns. The Bri- 
tish loss in the three actions was 2 killed and 16 wounded. 
Many rebel sepoys of the 13th, 15th, 20th, and 40th native 
infantry w^ere killed in these engagements. Both the 
column of Brigadier Franks and that of Jung Bahadur 
joined the commander-in-chief at Lucknow without further 
serious opposition. 

Capture of In the meantime. Sir J. Outram had repulsed incessant 

Lucknow, attacks on his post at Alumbagh, just on the outskirts of 
Lucknow, which he held with a fine division of 5000 men, 

® * composed of the 1st Madras fusiliers, the 5th fusiliers, 

the 75th, 78th, and 90th, with Brusier’s Sikhs, Olphert’s 
and Maude’s batteries, some Madras sappers and miners, 
and the volunteer cavalry. To these regiments belongs 
the glory of maintaining the post of honour, and taking the 
lead in the final triumph at Lucknow. They were several 
times attacked at Alumbagh by immense masses of the 
enemy, and always repulsed them with terrible loss. On 
the 22d of December they took from the rebels 4 guns, 
an elephant, and great stores of amrnunition. On the J2th 
and on the 16th of January they routed a mass of 30,000 
men, which advanced on all sides of them. On February 
the 21st the rebels came out again in vast numbers, having 
sworn on the Koran to conquer or die. They formed in 
,the shape of a crescent, and as the horns of their immense 
line began to converge on Alumbagh, General Outram 
attacked each extremity of it. They gave way almost at 


once, leaving 500 dead on the field ; while the British had Mutiny of 
only 6 wounded. On the 25th they made another and a 1857 . 
final effort, the begum and her son coming out on elephants 
to witness the conflict, which ended still more disastrously 
for them than the preceding. These successes were a 
presage of the easy reduction of the city, which fell on the 
19th of March. Sir C. Campbell had been detained at 
Cawnpore longer than was expected by the non-arrival of 
the siege train from Agra, At last, on the 10th of Febru- 
ary, an extra bridge having been thrown over the Ganges 
from the Cawnpore side, the passage began. Such, how- 
ever, was the prodigious number of men and animals, that 
it was many days ere they had crossed. The whole road 
from Cawnpore to Alumbagh was lined with troops and 
baggage-cattle, among which were 16,000 camels. The 
actual numbers of Sir C. Campbell’s main army w^ere — 
infantry, 11,442; cavalry, 3961; artillery, 1669; naval 
brigade, 331 ; sappers and miners, 1970 ; — grand total, 

19,373. Thus, with Outram’s and Franks’ divisions of 
5000 men each, and Jung Bahadur’s army of 10,000 Gor- 
khas, the whole force arrayed against Lucknow fell little 
short of 40,000 men, with 180 guns ; and it may justly be 
said that an array so formidable and so well appointed never 
was seen in Hindustan. 

On the 6th of March, Sir C. Campbell having arrived a 
few days previously, General Outram, with 5000 men and 
30 guns, crossed the Goomtee, and took post to the E. of the 
city, pushing his reconnoissances to the S., and after repuls- 
ing an attack, bivouacked on the field of Chinhutt, where 
Sir H. Lawrence was so disastrously defeated. On the 7th 
Sir J. Outram despatched General Hope Grant with 2000 
cavalry to the N.E., to make a reconnoissance, and during 
his absence the enemy made a second and more serious 
attack. On the 9th Sir James turned the enemy’s first line 
of works, which, though constructed with great care and 
skill by the revolted sappers and miners from Roorkee, 
were by a grave mistake made without protections from a 
flanking fire. In consequence, Outram’s guns enfiladed 
the whole line, and enabled General Lugard’s division, on 
the 10th, to carry the Martiniere and adjacent works on the 
S. of the city ; and shortly after, the wliole left of the 
enemy’s earthworks, to within 800 yards of Banks’ house. 

On the 10th this latter post was taken, and on the 11th the 
same division carried the begum’s palace, which had been 
fortified in a way to make it defensible against a whole 
army. Here 600 bodies of sepoys of the 22d, 38th, and 
other regiments, were counted ; and General Lugard lost 
about 100 men of his division in killed and wounded; among 
them Captain Hodson, the capturer of the King of Delhi, 
and well-known commander of irregular horse. On the 
same day Jung Bahadur joined with his Gorkhas. A severe 
struggle now took place in the direction of the Moosa 
Bagh, to the N.W. of the city; and here Captain Cooper 
of the engineers, Captain Moorsom of Sir J. Outram’s staff, 
and many other gallant men, fell. On the 1 3th Sir Colin 
took the Imambara, and opened a tremendous fire on the 
Kaiser Bagh, the walls of which were shivered to pieces. 

On the 14th General Outram carried the town between 
the iron bridge and the Residency ; and thousands of the 
enemy began now to stream out of the city, taking the road 
to Rohilcund. On the 16th the Muchee Bhawan and Great 
Imambara were captured ; and on the 18th the Gorkhas 
carried a very strong position in front of Alumbagh. A 
detachment of these troops brought in Mrs Orr and Miss 
Madeline Jackson, who had be^n prisoners in the hands of 
the rebels since the advance uf General Havelock. On 
the 19th the whole city was in possession of the British ; 
and though many thousands of the rebels escaped, and a 
desultory warfare ensued, th^ close gf the great revolt may 
he dated from this epoch. (e. t.) (e. b. e.) 
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N-orth. NORTH-WEST TERRITORY. See Hudson’s Bay 
W est Territory. 

Territory NORTHWICH, a market-town of England, in the 
I^orwav county of Chester, on tlie left bank of the Weaver, near its 
V confluence with the Dane, 15 miles N.E. of Chester, and 

155 N.W. of London. It lias an old-fashioned appearance, 
and contains many ancient buildings. The church, which 
is large, is remarkable for its semicircular chancel and 
curiously carved roof. There are also places of worship 
for Independents, Baptists, Wesleyan and Primitive Me- 
thodists, and several schools. Northwich is chiefly import- 
ant for its salt mines and brine springs, the former of 
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which have been worked since the seventeenth century, and Norton 
are believed to be the richest salt mines in the world. The Chipping 
brine springs, however, are now more extensively used, and II 
are calculated to yield from 300,000 to 400,000 tons of salt 
annually. This forms the principal article of trade in 
Northwich, being conveyed to Liverpool by the Weaver 
and Mersey, on which about 300 vessels are employed in 
this business. Ship-building, brick-making, iron and brass 
founding, brewing, and other avocations, are carried on 
here; and fairs are held three times a year. Pop. (1851) 

1377. 

NORTON-CHIPPING, See Chirping-Norton. 


NORWAY. 


Ilisfcoiy. Norway is an extensive country in the north of Europe, 
tinitecl with Sweden under one king. All the territory 
which is now comprised by Norway and Sweden, was de- 
signated Scandia by the ancients. Pliny calls it Scandia 
insula^ an appellation which derives its origin from the cir- 
cumstance of the Romans, in the time of their great 
naturalist, being only acquainted with that part of the 
country called Skanen or Skonen,the little information which 
they possessed being obtained from some Germans. This 
is the ancient province of Schonen or Scania, the most 
southerly of Sweden. The name was afterwards changed 
to Scandinavia, which has been called the ‘‘ store-house of 
nations,” but without any just title to such a distinction. It 
seems now quite certain that Scandinavia was not the 
native country of the Scythians or Goths, but that they 
migrated from Asia to Europe. The fact of Pliny having 
designated Scandinavia as an island of considerable although 
uncertain magnitude, has also given rise to some discussion. 
To the imperfect knowledge of geography which the an- 
cients possessed may reasonably 1)6 attributed their mis- 
taken notion as to the insular position of these countries. 
Origin of But our present purpose is with Norway, which in 
the name. Sv^redish is called Norrige, and in Danish, Norge (pro- 
nounced Norre). In spite of the vague ideas wliich the 
ancidnts entertained of the northern countries of Europe,” 
says Malte-Brun,. “it cannot be doubted that the country 
which Pliny calls Nerigon is Norway. Many geographers^ 
have asserted that the name signifies the “ Way of the 
North but its true etymology seems to be Nor-Rige^ 
“ Kingdom of the North,” or rather, perhaps, assuming the 
word Nor as signifying gulf, “ Kingdom of Gulfs,” because in 
effect its coasts are much more indented than those of 
Sweden. We thus see that the name of Nerigon has much 
more analogy with that of Norrige than with that of Nor- 
weg, which at the first glance appears to be the origin of 
the modern name. The early history of Norway is inter- 
woven with the annals of Sweden and Denmark, and con- 
sists in legends contained in the Heimskringla or Saga, a 
collection of ancient manuscripts, which is to Norway what 
the Edda is to Iceland. The petty sovereigns who held 
sway in Norway in remote ages were independent, but 
appear to have acknowledged a kind of supremacy in the 
kings of Sweden and Denmark, probably more nominal than 
real; but until the ninth or tenth century little is known of 
the annals of the country. The Norwegians, of course, 
constituted no inconsiderable proportion of those daring ad- 
venturers who, under the general name of Normans on the 
Continent, and Danes in Britain, became at one time the 
terror of all the maritime parts of Europe.^ 

1 he Royal Northern Antiquarian Society of Copenhagen 
lias published a series of the Saga, comprehending the his- 


torical account of events which belong to European history, History, 
as well as to that of Scandinavia, during the eleventh and 
twelfth centuries. It includes a period of about 1 70 years, 
beginning with the Saga of St Olaf, the contemporary of 
Canute the Great of England, who assumed the crown of 
Norway in 1013, and continuing the series until the death 
of Magnus Erlingson in a sea-fight with Sverrer 1. in 1184. 

This is one of the most curious and minute pictures of an 
age long past which the literature of Europe is possessed of. 

It is not only valuable as an historical document, con firm- 
ing or adding to our stock of facts relative to a dark period 
of English history, but as a record of the social condition of 
the country at that time, and of the influence of the Thing, 
or assembly of the people ; a reference of all matters to this 
popular convocation being one of the most striking facts re- 
corded in the Saga. From these rude annals we learn 
that, at a period immediately preceding the first traces of 
free institutions in our own country, similar institutions 
existed in great activity amongst these northern people. It 
seems a fair inference from these facts, therefore, that we 
owe the political institutions which we enjoy to the Danes 
and Normans, who were moi*e likely to impose their own 
peculiar institutions u})on those whom they subdued, than 
to receive institutions from the conquered. 

From other Sagas preceding that of St Olaf, wc learn, 
that about the middle of the^ ninth century llalfden the 
Black divided Norway into five districts, with fixed head 
places for holding Things in each. At these assemblies 
laws were framed suitable to the local circumstances of each 
district, which gave its name to the code. This potentate 
was succeeded by the celebrated Harold Harfagr, or the 
Fair-Haired, who ascended the throne at ten years of age, 
and reigned from 863 to 936. This warlike monarch, after 
long fighting, reduced all the independent nobles or petty 
kings to the condition of subjects, and consolidated the 
various principalities of Norway into one kingdom. Thus 
was consummated in a single reign, and that, too, in the 
ninth century, a work which afterwards cost the other na- 
tions of Europe several centuries of bloodshed and conten 
tion. But this was more easily accomplished in Norway 
than elsewhere ; for in that country the great nobility never 
had feudal powers, and consequently those who were under 
them as servants were bound by no such ties of vassalage 
as the retainers of a Highland chieftain or a Norman baron. 

They were not taught passive and unconditional submission 
to a superior, although he might bear the title of king ; for 
before a small sovereign could make war he ^^'as under the 
necessity of assembling the Thing, and obtaining its sanc- 
tion. The equal division of property among children, 
which extended to the crown itself, prevented the accumu- 
lation of power in the hands of individuals ; and the circum- 


^ See the article Norwege ” in the Dietionnaire Glographiqm de VEncydoptdie. s From Aord and uieg (way), Norweg. 

® See the articles Denmark, France, and England. 
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Korway. Stance of the total want of fortresses, castles, or strongholds 
in the country, owing to the division of estates, effectually 
prevented a nobility from attaining the same power with 
the nobles of feudal countries, and setting the royal autho- 
rity at defiance. Some of these nobility or small kings 
colonized Iceland ; and Normandy was conquered by Rolt 
Gangr, one of those whom Harold Harfagr expelled from 
Norway. In this king’s reign Christianity was introduced 
into the country, and from this period the events recorded 
in the historical Saga noay claim some degree of confidence.^ 
The length of this reign was no doubt favourable to the 
lower orders, by consolidating their institutions, which, as 
they weakened the' authority of the petty kings, were 
favoured by Harold. Eric, his son and successor, whom 
he had associated with himself in the royal authority, was 
deposed by the Thing on account of his cruelty, and a 
younger brother succeeded him. Hakon, which was the 
name of this son of Harfagr, was brought up from his 
childhood at the court of Athelstane, King of England. He 
reigned nineteen years, during w^hich period there was fre- 
quent reference to the Things, both for amending the laws and 
for the dissemination of Christianity. It appears that, in at- 
tempting to establish the religion of the Cross in his dominions, 
Hakon had recourse to what w^ere considered as unconsti- 
tutional means ; for we find that, at a meeting of the Thing, 
held in the year 956, a husbandman named Asbiorn, of 
Medalhuus, stood up and declared, on the part of his neigh- 
bours and of himself, “ that they had elected Hakon to be 
their king upon the condition that freedom of religion and 
freedom of conscience should be warranted to every man ; 
and if the king persisted in attempting to suppress their an- 
cient faith, they would elect another king;” adding, “and 
now, king, make thy choice ” This is certainly one of the 
most striking instances of parliamentary patriotism to be 
met with in the history of Europe ; and we must descend 
six or seven centuries nearer to the present time before we 
can match it in the annals of our own country. Hakon was 
not only compelled to give way, but also to take part in the 
heathen ceremonies of the meeting. This king was slain 
in 963, in a battle with the sons of his elder brother Eric, 
upon whom Athelstane of England had conferred the king- 
dom of Northumberland. 

It appears that, after the death of Harfagr, the small 
kings again had risen to some degree of power, and that 
each in his own assembly, called also a Thing, had exercised 
a limited authority. Olaf the Saint, before he assumed the 
name of king, consulted one of these assemblies of the nobility 
as to the way of proposing his claim as heir of Harfagr to 
tlie general Things of the people; and he proceeded in 
such a manner as to show that their voice alone was insuffi- 
cient to constitute him supreme chief in the land, without 
the sanction of the general Thing. These institutions 
appear to have always conferred or confirmed the royal pre- 
rogative, and to have been of great importance in that -age 
amongst the whole Scandinavian people. In cases where 
the good of the community was at stake, they set the royal 
authority at defiance, and obliged the sovereign to accept 
of such international contracts as the Things of both coun- 
tries conceived was for their mutual benefit. The Thing 
of Sweden compelled the sovereign of that country to con- 
clude a peace with Norway, and to bestow his daughter in 
marriage on King Olaf, towards whom he cherished im- 
])lacable enmity. Olaf had the title of Saint conferred on 
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him for the exertions which he made to introduce Chris- iTorway. 
tianity amongst his subjects ; but in prosecution of this 
object he exercised the most atrocious cruelties, and com- 
pletely alienated the affections of his people. He attempted 
to govern without the intervention of the Things, which 
became the cause of his ruin ; for when Canute the Great, 
who conquered Norway, invaded his dominions, the people 
literally “stopped the supplies;” and, unable to collect a 
force sufficient to oppose the King of England, he was com- 
pelled to seek refuge in Russia. For the purpose of re- 
covering his crown, he landed in Sweden with a few fol- 
lowers, and, having received an accession to his force from 
the king of that country, who was his brother-in-law, 
marched from the Gulf of Finland across the peninsula to 
the Fiord or Gulf of Trondhjem. In the meantime the 
Thing of Norway raised an army of 12,000 bonder, and 
placed it under the command of Olver of Egge. At the 
debouche of the valley of Vaerdal they met Olaf at the head 
of about 4000 adventurers. The conflict could not be 
doubtful where there was such an inequality of numbers, 
and where the superiority lay on the side of those who were 
fighting in defence of their liberties. King Olaf was de- 
feated and slain, without even showing the prudence and 
courage which had distinguished his early career. This 
battle was fought on the 31st of August 1030, and not on 
the 29th of June or July 1033, as is commonly stated.® The 
body of the fallen monarch w^as transported to St Clement’s 
church in Trondhjem, which had been erected by himself. 

In return for the services which he had rendered the 
church, the clergy soon afterwards canonized him; and 
even at Constantinople temples were erected to his memory. 

His tomb was regarded as a consecrated spot, to which pil- 
grimages were performed, not only by ardent devotees 
from the north, but also from the south of Europe. 

Canute the Great did not long remain in Norway ; and 
from the period of Olafs death the country was ruled by 
native monarchs, who even for a time governed Denmark, 

It may be gathered fi-om the ancient chronicles before re- 
ferred to, that at this period society, was composed of four 
distinct orders. The first was the nobility, who were de- 
scendants of royal families ; and, without regard to priority 
of birth, those who were descended both on the mother’s 
side and father’s side from Harfagr w^ere eligible to the 
supreme monarchy. They appear to have had no civil 
power or privilege as nobles, but merely this odelsbaarn-ret 
to the crown. The odelsbaarnmen, bondermen, or hus- 
bandmen, were the proprietors of lands held neither from 
the king nor from any feudal superior. These were the 
people who had a voice at the Things. A third order con- 
sisted of the unfree men, holding land for services as vas- 
sals or as labourers in cottages, but who had no voice in the . 

Things in respect of their land. A fourth order was com- 
posed of the traelle or domestic slaves, who were private 
property, and in a lower state than the former class. This 
condition of society, which was equivalent to slavery, was 
abolished by Magnus VII., who reigned from 1319 to 
1344. 

The most important event in the history of Norway, 

Sweden, and Denmark, in the middle ages, was the union 
of the three kingdoms under one sovereign, Margaret, 
daughter of Waldemar, King of Denmark, which was ef- 
fected by the league of Calmar, in the year 1397. The 
circumstances which led to this remarkable occurrence will 


^ Harold Harfagr was born in the year 853 ; he began to reign in 863, and died in 936. St Olaf ’s father “was Harold Graendske, his 
grandfather Gudrod, his great-grandfather Biorn Staerke, and his great-great-grandfather Harold Harfagr ; and St Olaf was born a.d. 
995, only fifty-nine years after the death of his great progenitor Harfagr, A contemporary of St Olaf w'as therefore a credible source 
of information for all the events of Harfagr’s reign, such aa the conquest of Normandy by Rolf Gangr, the colonization of .Iceland, &c. 
(Laing’s Journal of a Rosidenu in Norway.') 

® This is put beyond a doubt by a circumstance which all accounts of the battle mention, namely, that a total eclipse of the sun oc- 
curred on the same day. Professor Hansteen of Christiania has calculated that such a celestial phenomenon could only have taken place 
on the 31st of August lOSOi 
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JS'orway. be found narrated in the article Denmark. Had this 
princess been as capable of conquering national prejudices 
as she was of defeating armies, her dominions would have 
constituted a great and powerful monarchy. But the pas- 
sions of her people were more than a match for her policy ; 
and it was no doubt better that the three nations which she 
governed should each remain in quiet possession of its own 
freedom, as enjoyed under its own form of government and 
laws, than that they should lay aside all differences, and, 
heartily uniting as one kingdom and people, become the 
terror and scourge of Southern Europe. Margaret died 
without issue ,* but during her lifetime she appointed her 
grand-nephew, whom some historians call her cousin, Eric, 
a descendant of the dukes of Pomerania, as her successor ; 
and he succeeded to the triple crown of Scandinavia in 
1412. The union, however, was far from being cordial ; 
and for rather more than a century local insurrections from 
time to time broke out and distracted the country. The 
Swedes, in particular, felt great reluctance to submit to a 
foreign dynasty ; and after various attempts on their part 
to shake themselves free from the compact of Calmar, the 
oppression and cruelty of Christian II. led to the final 
separation of Sweden in 1520, under the celebrated Gus- 
tavus Erickson or Vasa. Norway and Denmark, however, 
remained under one sceptre, till, at the adjustment of 
European affairs after the fall of Napoleon, Norway was 
separated from Denmark, and united to the crown of 
Sweden. This took place in the year 1814. 

The circumstances which led to the forcible separation 
of two countries that had for centuries been united by the 
closest relations, and the union of one of them with another 
country which had for as many ages been regarded as a 
natural enemy, may be shortly stated. The grand object 
of the leading powers was to induce every state to join in 
the league against Napoleon ; and Sweden, in consideration 
of an ample bribe, acceded to the general confederacy. 
One of the foulest stains on the escutcheon of Great Bri- 
tain is the treaty which she entered into with Sweden, 
dated 3d March 1813, By this notorious compact against 
the liberties of a whole people, England gave to the King of 
Sweden the kingdom of Norway (which was no more hers 
than Rome or Pekin), together witli Guadaloupe, and a 
million of pounds sterling, as a remuneration to his Swe- 
dish Majesty for joining the allied powers against France.^ 
After the battle of Leipsic, fought in October 1813, the 
Crown Prince of Sweden entered Denmark with his army ; 
and after some bloody scenes in Holstein, peace was con- 
cluded at Kiel on the 14th of January 1814. By this 
treaty Denmark gave up all right to Norway, considering 
it as quite hopeless to enter into a contest with Sweden 
and England. Although the King of Denmark might re- 
linquish his claim to the sovereignty of Norway, this was 
no reason for the people of that country making an uncon- 
ditional surrender of themselves to a foreign potentate. 
They declared themselves an independent nation, framed 
a constitution of their own, and proclaimed Prince Chris- 
tian, son of their former sovereign, and governor of Nor- 
way, as their lawful king. Not a little blood was shed in 
the contention between Sweden and Norway ; and England 
actively interfered by blockading the ports of Norway, for 
the purpose of starving the inhabitants of the country into 
subjection. But a speedy settlement of the question be- 
came necessary to all parties. The constitution which 
the Norwegians had prepared in April 1814, and which 
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they were in arms to maintain, was guaranteed to them, Korway 
upon condition of their accepting along, with it the 
Swedish monarch as king, and the Crown Prince of Den- 
mark abdicating the throne. Matters were arranged on 
this footing; and on tlie 17th May 1814, both parties, the 
King of Sweden and the Norwegian nation, solemnly 
entered into a compact to the effect stated, under the 
sanction and guarantee of the allied powers, and of Great 
Britain amongst the rest.^ By the treaty the entire inde- 
pendence of Norway as a kingdom was secured, the 
crowns alone being united, as in the case of Hanover and 
England. She had a constitution of her own framing, 
a legislature of her own electing, without being interfered 
with by any foreign authority in the exercise of her right, 
and laws of her own making and administering ; in short, 

Norway remained a pure democracy in all but the name. 

Since this union of Norway and Sweden under one so- 
vereign, there have occurred only two events of any im- 
portance in the history of the former. The first was the 
abolition of hereditary nobility by the Storthing ; and the 
second was an attempt of the Swedish cabinet in 1824 to 
force on the Norwegian people an entire amalgamation of 
their country with Sweden. But the firmness of the Stor- 
thing or Parliament, the honourable feelings of the sove- 
reign, and, it is said, the interference of Russia on the part 
of the allied powers, prevented such an infamous attempt 
to violate the faith of treaties, and bring disgrace upon 
those who had guaranteed them. Great Britain, as a party 
to the treaty of 1813, and as having inflicted some injuiy 
on the country by her ships of war, was especially bound 
to protect the liberties and national independence of Nor- 
way, and to preserve her from becoming a mere province of 
Sweden, as Poland is now of Russia. 

The facts relative to the abolition of Itcrcditary nobility 
may be shortly stated. It is fixed that the executive power 
has not a final veto, but only a suspensive negative, till the 
law is passed by three successive Storthings. In the year 
1815 both chambers of the Storthing proposed and passed 
a motion to abolish nobility lor ever in Norway. The 
slender remains of this class were of foreign, and almost in 
every instance of recent origin ; besides, lew of them had 
enough of property to enable them to hold a dignificHl sta- 
tion in society. By the huv of succession land is equally 
divided amongst all the children, so that large estates could 
not be entailed on the possessor of the family title ; and 
hence, to maintain his rank and respectability, a nohleman 
must have become a placeman or a pensioner, or engaged 
in operations which would bring nobility into contempt. 

The existence of a hereditary nobility in a country where 
the law of primogeniture was unknown in the succession to 
real property, seemed therefore an anomaly, which, in any 
circumstances, could not long be tolerated, and which was 
altogether unsuitable to the state of things which had long 
obtained in Norway- The royal assent, however, was re- 
fused to the proposed enactment in 1815, and again in the 
year 1818, after it had passed through a second Storthing. 

To prevent it from passing a third time became the grand 
object of government ; for then it would necessarily have 
become the law of the land, with or without the royal con- 
sent. In 1821, the year when the measure ^vas to be again 
brought forward, the king in person repaired to Christiania, 
and used every means to induce the Storthing to abandon 
it ; but in vain. Six thousand soldiers were inarched to 
the neighbourhood of that city, to overawe both the legis- 


In tho article containing the accession of England to the treaty, after various mutual stipulations, there is a provision containing 
the following words ; — And his majesty the King of Sweden engages that this union shall take place with every possible regard and 
consideration for the happiness and liberty of the people of Norway. ’’ 

It is a fact worthy of being recorded, that the committee which drew up this constitution, and laid it before the National Assembly, 
sat only four days, viz., from the 12th to the 16th of April, That so perfect a model of a free constitution should have been framed in 
•t d T marvellous ; especially as it was not a rough, unfinished outline, but a system of government complete in all 
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Norway, laturc and the people ; and extreme irritation prevailed. 
At this critical moment, when the flames of civil war were 
about to be kindled, both the Russian and American minis- 
ters interfered. What arguments or remonstrances they 
employed are unknown ; but the fact is, that government 
lowered its tpne, the troops were withdrawn, and the Swe- 
dish government gave way. The Storthing having passed 
the measure abolishing hereditary nobility for the third 
time, it consequently became law. Norway therefore re- 
mains a pure democracy, federally united with the monarchy 
of Sweden. Its constitution has outlived two dangerous 
attacks upon it; and as the principles upon which it is 
based have been developed by practice, it has gained ad- 
ditional strength, and been further secured by the love and 
veneration of the people. The sudden disjunction of Den- 
mark and Norway left, of course, much business to be ad- 
justed between individuals of the two countries. It thus 
occasioned much distress and loss to persons having con- 
nections and property in both ; and it still produces a con- 
stant intercourse. F ew, we believe, will admire the manner 
in which the union between Sweden and Norway was 
efiected ; but as few will doubt the benefits which must 
result to both from the exchange of mutual hostility for 
mutual cordiality, and to a certain extent an identity of 
interests. 

Physical ' If the reader turn to the map of Europe, he will find 

aspect. Norway extends from the 58th to the 71st degree of 

N. Lat., and at the broadest from the 5th to about the 31st 
degree of E. Long. On the E. it is bounded by Sweden 
and Russian Lapland, W. by the North Sea, S. by the Ska- 
gerrack, and N. by the Arctic Ocean. At the broadest part 
it is scarcely 300 miles across, and N. of the 63d degree of 
latitude the breadth is very inconsiderable, the country 
narrowing to a mere belt. Its shape is peculiar, and,Tn the 
main, it resembles that of a Florence flask, — the rounded 
bottom being presented to the south, and the long narrow 
neck stretching to the north. Norway thus begins about 
the parallel where Scotland ends. The most southerly head- 
land in the former, that is the Naes, is nearly in the same 
parallel as the Pentland Frith, which divides the latter 
country from the Orkney Islands. The sea-coast presents 
many features similar to those which characterize Iceland, 
the north of Scotland, Newfoundland, Nova Scotia, and 
other islands and continental tracts of country exposed to 
the storms, the currents, and the perpetual buffetings of 
the Northern Ocean. The action of the sea alone, how- 
ever, could not have formed such immense fissures as are 
found in the solid primary rock on the Norwegian coast. 
The theory of the elevation of the land by volcanic impulse 
from below seems alone sufficient to account for such 
phenomena.^ 

The greater part of Norway may be said to have an 
outer and an inner coast, the former being a succession of 
rocky islands of all dimensions, from a mere point to more 
than a mile in length, and lying within about a mile of the 
mainland, thus circling all the coast as with a girdle. Boats 
and small vessels msSe their coasting voyages within the 
rocks ; for, even when the ocean is strongly agitated, the 
outer barrier acts as a sort of breakwater, preventing the 
channel within from being thrown into violent commotion, 
except where directly open to the sea, when the wind 
rushes in with great force and agitates the waves. 

Fiords, Those immense arms of the sea which penetrate deep 
into the country are called Jiords in Norway ; a name 
in geographical nomenclature identifying them with the 
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firths of Scotland, to which they bear a slight resera- Norwny. 
blance, and also to the maritime lochs so numerous on the 
west coast of that^ country ; but the nearest approach to 
similarity, although it falls far short, is an inlet of the sea 
on the west coast of Ireland known as the Killeries. To 
enumerate these fiords were only to present a catalogue of 
names designating the same object in different situations 
and of different sizes. They vary from 60 to 200 miles 
in length, and from being several miles to less than a gun- 
shot in breadth ; and altogether they constitute one of the 
most remarkable physical features of the country. In many 
of these fiords the rocks rise precipitously on either side, 
and the water is of great depth. The inland streams ge- 
nerally empty themselves into the fiords ; and, as in the 
case of the firths of Forth, Clyde, and others, in Scotland, 
it is often difficult to say where the river ends and the ocean 
begins. All along the rock-bound coast these arms of the 
sea succeed each other with much regularity. In pene- 
trating within their sombre and sometimes dangerous 
mouths, the scene is all at once changed, presenting at the 
bottom of these bays, creeks, and other indentations, towns 
of a pleasant and cheerful aspect, and banks finely wooded 
with all the varieties of those forest trees which we are ac- 
customed to meet in more temperate latitudes, — such as oak, 
ash, elder, and elm trees, — and studded with cottages, farm- 
houses, and country residences, indicating taste and com- 
fort, if not luxury and wealth. The tide rushes into many 
of those fiords with great violence, especially on the north- 
westerly quarter of the peninsula. This is readily accounted 
for from the fact, that the interior basins are often very ca- 
pacious, whilst the mouths by which the water flows in to 
fill them are frequently very confined. Opposite to Folden 
Fiord is the Maelstrom, or Moskoestrom, long celebrated as 
the most appalling whirlpool in Europe ; but it owes much 
of its reputation to the exaggerated accounts of travellers. 

It is situated nearly at the extremity of the range of the 
Lofoden Islands, beginning between Moskoenaes and Mos- 
koe, and exhausting itself between Varoe and Rost, the 
last of which is the most westerly of the Lofodens. The 
whirlpool is simply caused by the rushing of the ocean, as 
the tide rises and falls, between this chain of islands, which 
impedes its course like the narrow mouths of the fiords. 

The relative position of the surrounding islands causes the 
Maelstrom to form a large circle ; and the great inequalities 
of its bottom, which, from a few fathoms, deepens suddenly 
in many parts to 200, increase the violence of the current. 

A coast like that of Norway, so beset with irregular cur- 
rents, islands, and rocks, many of the latter close under 
water, requires at all times to be approached with extreme 
care, but particularly so in westerly gales, when it becomes 
a lee-shore. The Norwegian government has recently 
completed a series of splendid charts, on a scale of 3 inches 
to the mile (with necessary sailing directions), of the whole 
coast, from the Christiania Fiord, round the North Cape, 
to the Russian frontier in the White Sea ; a most import- 
ant and valuable addition to hydrography, of which the 
lamented Sir Francis Beaufort, our hydrographer of the 
navy, did not fail to avail himself, and caused fifteen large 
sheets, together with an index chart, to be published there- 
from in 1855, for the benefit of British mariners. Neither 
are there wanting admirable maps of the interior, prepared 
by Professor Munch, by Capt. Rosen of the Engineers, and 
by Capts. Waligorski and Hergoland. 

The interior of Norway is mmost one immense mass of liloiintains. 
rocky mountains and plateaux. It is mountainous, but it is 


^ Indeed, the large rounded houlder-stones found on the tops of the highest mountains afford evidence sufficient of the fact that at one 
time Norway had been submerged beneath the Northern Ocean. That the sea never flowed in this quarter of the globe (and conse- 
quently in every other), eight thousand feet (the height of the highest mountains) above its present level, may readily be taken for 
granted. We may, therefore, conclude, that the land has been raised by some mighty power ; and we know of none which could effect 
this hut the pent-up fire and compressed* gases of a volcano, which, striving for vent, upheaved the solid pavement of the globe which 
lay above them, and thus broke it up into innumerable fragments. 
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Norway. SO rather by reason of its general elevation than from the 
conspicuous altitude of its summits. The mountains do 
not form continuous chains or ridges ; neither are they a 
series of detached elevations ; but, especially in the S., they 
form plateaux or table-lands of great breadth, and generally 
more or less connected together, though occasionally sepa- 
rated by deep but always narrow valleys. These table-lands 
are the fjelds of Norway, and are usually distinguished by 
specific names, as the Dovre Fjeld, Sogne Fjeld, Stagen 
Fjeld, &c. Their summits are often so level that, did roads 
exist,' a coach and four might be driven along and across 
them for many miles. The surflice of the country may be 
distinguished into two distinct portions — ^the comparatively 
narrow district extending from near Trondhjem to the 
North Cape, a distance of more than 600 miles, and the 
more expanded portion, 400 miles in length, from Trondh- 
jem to the Nacs of Norway. Throughout the former por- 
tion the mountains cling, as it were, to the coast; and though 
Norway here occupies only one-fourth of the breadth of 
the peninsula, it contains all the more considerable eleva- 
tions. They assume here more the form of a connected 
range than in the southern part of the country, and are 
known by the name of the Kjolen Mountains. The highest 
land is the mass called Siilitcima, some of the summits of 
which rise to the height of more than 6000 feet above the 
level of the sea. South of Trondhjem (in Lat. 63. N.) 
the high ground occupies by far the greatest part of the 
breadth of Norway, and on the parallel of the Dovre Fjeld, 
fully lialf the breadth of the peninsula. “ By a rude esti- 
mation,” says Professor Forbes, ** on Professor Keilhau’s 
map, I find tliat tlie portion of the surface of Norway, S- of 
the Trondhjem Fiord, which exceeds 3000 feet above the 
sea, amounts to very nearly 40 per cent, of the whole ; 
and when it is recollected that only one summit exceeds 
8000, and that the spaces exceeding 6000 are almost in- 
appreciable on the map, it will be more clearly understood 
how completely the mountains have the character of table- 
lands, whose average height probably rather fills short of 
than exceeds 4000 feet.” (Forbes.) The Dovre Fjeld, 
lying between 62. and 63. of N. Lat., is a table-land of an 
average height of rather more than 3000 feet above the sea, 
and having mountains rising, in the case of Sneehcette, and 
possibly one or two others, to the height of above 7000 feet. 
Ymes- Fjeld, the highest summit in Norway, in Lat. 61. 30. 
N., is estimated at 8400 feet above the level of the sea. 

Travellers are proverbially prone to give exaggerated 
descriptions of the physical features of the countries which 
they traverse ; and from this cause our ideas of the height 
of some of the Norwegian mountains, and the sublimity of 
the scenery which they present, have occasionally been 
pitched rather above the truth, which is the case with re- 
spect to the Dovre Fjeld. Mr Laing, in his excellent 
account of the country, thus describes this great natural 
feature of Norway : — The Dovre Fjeld here (at Jerkin, 
on the northern verge of the range) may be fi’om 24 to 28 
miles across. When we give things their real names we 
take away much of their imagined grandeur. The Dovre 
Fjeld sounds well, and we fancy it a vast and sublime na- 
tural feature. It really is no more than a /<?//, like those of 
Yorkshire or Cumberland ; an elevated tract of ground, 
whence run waters in opposite directions, and which forms 
the base of a number of detached hills of moderate eleva- 
tion. In fact, as a scene impressing the traveller with 
ideas of vast and lonely grandeur, the tract from the 
waters of the Tay to those of the Spey, by Dalnacardocb, 
pal whinny, and Pitmain, greatly surpasses it. You are 
indeed 3000 feet above the level of the sea; but that is 
not seen ; it is a matter of reflection and information. You 
look down upon nothing below you, and look up only 
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to hills of moderate elevation. Sneehcette alone comes Norway 
up to a mountain magnitude : it is 7300 feet above the 
the sea ; but this fell is 3000 feet at this farm-house (at 
Jerkin), which is about 12 miles from the base of Snee- 
hcette. The actual height, therefore, of this mountain, for 
the eye, is about the same as tliat of Ben Nevis, about 
4300 feet, with the disadvantage of gaining its apparent 
height by a slow rise from ilie fell. There is a considerable 
mass of snow in a hollow on the bosom of Sneehcette, 
but not more than remains for great part of the summer on 
hills in Aberdeenshire, — nothing like a glacier. The head 
and slioulder are clear of snow. The most extraordi- 
nary feature of this mountain tract is, that the surface of 
the fell, and of Sneehcette to its summit, is covered with, 
or, more properly, is composed of, rounded masses of gneiss 
and granite, from the size of a man's head to that of tlie 
hull of a ship. These loose rolled masses are covered with 
soil in some places; in others they are bare, just as they 
were left by the torrent which nnist have rounded them 
and deposited them in this region.”^ 

The glaciers of Norway are neither so numerous nor so re- Glaciers, 
markable, either in beauty or extent, as those in Alpine coun- 
tries. The Norwegian mountains are, for the most part, 
continuous table-topped rocks, of an average height of from 
about 3000 to 6000 feet, intersected with deep fissures, 
forming the valleys, lakes, rivers, and fiords at their base. 

On the highest summit of these table-topped mountains the 
snow lodges, the point of perpetual congelation being be- 
tween 4000 and 5000 feet above the sea-level. It lies very 
deep, and in some cases extends in almost one uniform mass 
for many miles. The largest of these snow-fields is 
that of Justedalsbraen (sometimes called Sneebraen), and 
Folgefonden ; the latter an extensive plateau of some 30 miles 
long, by 6 to 18 miles in breadth. Professor Wittich, who 
ascended the Folgefonden, says, that at most places the snow- 
field extends to the steep precipices with which the moun- 
tainous mass on which it rests terminates on all sides ; and 
that in those places where its edges could be observed, the 
snow had a thickness of about 40 feet. 

Thanks to Professor Forbes, who visited Norway in 
1851, we have now been made acquainted wdth the phy- 
sical gcograpliy of tliat country, in connection with the 
snow-fields and glaciers, of which little or nothing was pre- 
viously known. He describes the Nygaard Glacier, on the 
Justedalsbraen, as in all probability the most regularly de- 
veloped glacier in Norway. Like the glaciers of Bondhuus 
and the Suphelle Glacier, it sw'eeps down into the very 
midst of the verdure of the valley. Professor Forbes's 
observations extended also along the entire coast, up which 
he proceeded in one of the Norwegian steamboats which 
every summer thread their way to the North Cape through 
the numerous islands which lie off the land. The glaciers 
are not so numerous as might be expected to the northwards, 
but in some cases they descend very close to the sea, as 
in the case of those of the Nus Fiord, the northernmost 
glaciers on the continent of Europe w Inch descend below 
the snow-line.” 

There are a number of lakes in Norway, the largest of Lakes and 
which is the Myosen (now traversed by a steam-vessel), a rivers, 
splendid sheet of water, about 60 miles in length, and from 
1 to 10 in breadth. Its scenery has been classed with the 
pastoral or beautiful, rather than with the sublime. Its 
shores are well cultivated ; and wuth the exception of a few 
rough promontories dipping into the lake, the slopes are 
easy, and yield fine crops of oats, here, flax, pease, and po- 
tatoes. Its direction, like that of a great many of the lakes 
and rivers in Norway, is from N.W. to S.E., crossing the 
61st parallel of N. Lat. Tlie depth of the Myosen 
varies greatly, but it is considered sliallower than most of 


^ Laing^s Residence in Norway , p. 52-3. 
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Norway, the Other Norwegian lakes. The depth in the lower parts 
is not more than 40 fathoms ; often it is much less ; but in 
tlie upper part it has been found to exceed a hundred. 
Yet even this is nothing in comparison with the depth of 
the other lakes, particularly of the Fahmund Soe, which is 
reputed to be unfathomable ; a distinction always allotted 
to the deepest lake in every mountainous country. A 
large stream, called the Vormen Elv, issues from the 
southern limit of Lake Myosen ; and at Lillehammer, which 
is its northern extremity, it forms a communication with 
Lake Losna by the River Lougen. Into this lake flows 
a river which rises in the Dovre Fjeld range of mountains, 
and appears to be the one alluded to by Mr Laing in the 
following passage : — “ The stream which runs through Gul- 
brandsdal and the Myosen, and reaches the sea at Fre- 
derickstad, being the same I left at Lien, comes down 
from the hills at or near Lessee, and is there divided into 
two branches, one of which, as above stated, runs into the 
Myosen, and the other into the North Sea at the fiord in 
Romsdal amt, in which the town of Molde is situated ; thus 
including in its delta between four and five degrees of 
latitude, and ^1 the west and south of Norway. The 
course of this little river from Lessoe to the sea is very 
important, as it gives precision to our ideas of the shape 
and direction of the Dovre Fjeld, and its connection with 
the Hurunger, the Fille, and the Hardanger Mountains.’* 
This river must therefore have a course of probably 100 
miles in a north-westerly, and above 250 in a south-easterly 
direction. It is in several parts of its course of considerable 
breadth, and at more than 100 miles from its embouchure 
is described as a large, dark- coloured, and rapid river. A 
still larger stream is the Glommen, called by way of dis- 
tinction Stor Elven, or the Great River, from its being the 
largest in Norway. It rises in the government of Trondh- 
jem, not far from Oresund Lake, through which it runs ; 
and it afterwards traverses the extensive government of 
Christiania, flowing through Osterdaelen and Hederaarken, 
passing Kongsvinger, and finally falling into the sea at 
Frederickstad, after a course, reckoning its sinuosities, of 
probably more than 400 miles, all in Norway. From 
the heart of this continent it opens an easy communica- 
tion with the ocean, and through its means the produce 
of the interior is brought down to the coast. At about 
200 miles from the sea it is described as a fine majestic 
stream, 200 yards in breadth. Navigation, however, is 
obstructed by numerous falls, one of which, not far from 
its mouth, is called the cataract of Sarpen, the roar of 
which is heard at a great distance. There are other falls 
on the same river; but the' most stupendous natural phe- 
nomenon of this description is situated upon the opposite 
side of the mountain range, on streams which flow into the 
North Sea. Mr Lloyd ^ (and all subsequent travellers 
agree with him) describes the falls of Rjukanfos and Vo- 
ringfos as particularly grand, the first having a perpendicu- 
lar descent of 450 feet, a^nd the second of 900 feet, the 
body of water in both casef^ being very considerable. Mr 
Forsell, in giving some statistical infonnation regarding 
Norway, mentions other falls even more stupendous than 
these. The waterfalls of Norway are, in fact, extremely 
numerous, and some of them are grand beyond description. 
‘‘ Running water of a bright and sparkling green is seen on 
every side, at least in the valleys ; it pours over cliffs often 
in a single leap, but more frequently and more effectively 
in a series of broken falls, spreading laterally as it descends, 
and riveting the imagination for a long time together in the 
attempt to trace its subtle ramifications. The sound is 
rather a murmur than a roar, so divided are the streams, 
and so numerous the shelves of rock tipped with foam ; 
whilst a luxuriant vegetation of birch and alder overarches 
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the whole, instead of being repelled by the wnld tempest of Norway, 
air which accompanies the greater cataract. At other 
times single threads of snow-white water stretch down a 
steep of 2000 feet or more, connecting the Fjelde above 
and the valley below ; they look so slender that we wonder 
at their absolute uniformity and perfect whiteness through- 
out so great a space, never dissipated in air, never disap- 
pearing under dehris ; but on approaching these seeming 
threads we are astonished at their volume, which is usually 
such as completely to stop communication from bank to 
bank.” (Forbes.) There are many other lakes and rivers in 
Norway besides those which we have described, amongst 
which we may mention the Torris Elv, called the Odderen 
Elv during part of its upper course, a large stream, which 
enters the sea at Chris tiansand; the Topdals, which falls into 
the sea near the same place; the Louven Elv, which rises in 
the Hardanger Fjelde, traverses several long, narrow lakes, 
passes through Kongsberg, and enters the sea near Nau- 
vig, in Lat. 59. ; and between this stream and the Lougen, 
which lies considerably to the N.E., there is more than one 
large river. A multitude of streams also run into the North 
Sea. The most important of these is the Namsen (now the 
favourite resort of our countrymen for salmon-fishing), 
which, from its exit out of the lakes that give rise to it, 
has a course of about 90 miles. From the ground sloping 
with more rapidity upon this side of the mountain chain 
than on the other, the water-courses must be considerably 
steeper. Mr Barrow, in his Excursions in the North of 
Europe^ speaks in glowing terms of the “snow-capped 
mountains, the fir-clad hills, the lovely valleys, the clear 
and limpid streams, the clearer lakes, and unfathomable 
fiords.” The extraordinary clearness of the water has 
been a subject of remark by all travellers, and has no 
parallel in any other country ; neither has it been satis- 
factorily accounted for. It noay possibly be owing to the 
purity of the water itself, the clear sky, and clear white 
sandy bottom w^hich often prevails in the fiords. Sir 
Arthur De Capell Brocke makes the following observa- 
tions upon the singular clearness of the water ; — “ As we 
passed slowly over the surface (of the fiords), the bottom, 
which was in general a white sand, was clearly visible, and its 
minutest objects, when the depth was from 20 to 25 fathoms. 

During the whole course of the tour I made, nothing ap- 
peared to me so extraordinary as the inmost recesses of the 
deep thus unveiled to the eye.” 

The forests of Norway, as is well known, are large and nu- Forests, 
merous ; but they do not appear to be so extensive as those 
of Sweden. In the southern parts of Norway, indeed, 
and up as far as Trondhjem the supplies of timber are 
considerable ; but to the north of the latter place, and along 
the sea-coast, as well as on the mountain ranges, wood is not 
plentiful, many parts of the country being perfectly destitute 
of it. Norway, however, from the district of Trondhjem south- 
wards, may be considered as a country abundantly supplied 
with gigantic forests of magnificent trees, amongst which 
the pine, birch, and aspen are the most celebrated and the 
most valuable to the inhabitants. 

The prevailing rocks found in Norway belong to the Geology, 
primitive and transition series. The west coast is wholly 
composed of primitive rocks, gneiss and mica-slate greatly 
predominating- Secondary rocks occur but rarely, and 
alluvial deposits are not so abundant as in many other less 
extensive regions. Granite is rare. When it appears, it is 
frequently in veins traversing the primitive stratified rocks, 
or running parallel with beds or strata ; and sometimes it 
is found spread over the surface of mica-slate, as at Forvig; 
or irregularly associated with clay-slate and diallage rock, 
as in the island of Mageroe. But by far the most abundant 
rock in Norway is gneiss, all the others of the primitive 
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series appearing to be subordinate to iti Extensive tracts 
of country, and long mountain ranges, seem to consist al- 
most entirely of gneiss. In some parts it abounds in veins 
of rose and milk quartz, in iron ores, in garnets (sometimes 
the precious, but most frequently the common garnet), and 
other minerals. Mica-slate, however, which rests upon 
and alternates with the gneiss, is far from being so gene- 
rally distributed ; as is also the case with the clay-slate. In 
some places steatite occurs in beds, and is quarried in slabs ‘ 
to be used for different purposes. Quartz rock, various 
hornblende rocks, and limestone occur in beds subordi- 
nate to the gneiss and mica-slate. One side of the valley 
of Shalheim, situated between Bergen and Sognefiord, is 
bounded by hills of snow-white quartz, which are almost 
bare, and present mural precipices having a very singular 
appearance at a distance, from their shining white colour. 
Gabbro or diallage rock occurs in great quantities, con- 
nected with clay-slate, in the island of Mageroe and in 
other parts of Norway. The class of transition rocks con- 
tains, besides graywacke, alum, slate, limestone (sometimes 
combined with tremolite), and other rocks well known to 
mineralogists as belonging to the following eruptive series : — 
Granite, which sometimes contains hornblende; syenite, 
which contains a beautiful lahradorite, and often crystals 


near to Christiania, afford not only a sufficiency for the Norway, 
consumption of the country, but some for exportation. 

Norway possesses quarries of granite, marble, millstone, 
whetstone, slate, and clay. Granite is exported to Holland, 
and marble and other minerals to Denmark. 

Some valleys in Norway give abundant indications of Ancient 
their having been lakes of fresh water, which were either lakes, &c. 
gradually drained as the land became elevated, or, bursting 
the barriers that confined them, suddenly laid their basins 
dry, Mr Laing describes one of these in the following 
passage : — “ On ascending the steeps which bound the fiat 
alluvial bottom of the valley on each side, and which con- 
sists generally of banks of gravelly soil, one is surprised to 
find a kind of upper terrace of excellent land, cultivated 
and inhabited like the bottom, and consisting of the same 
soil, a friable loam. This terrace rests against the primary 
rocks of the fjelde, which are here limestone, marble, and 
gneiss, or rock of the micaceous family, of which the laminae 
are singularly twisted and contorted ; and the terrace has 
evidently been the bottom of an ancient lake, which lias 
been bounded by these il^e^de ridges.” The same traveller 
gives an account of one of those ancient sea-beaches, 
which, in other countries besides Norway, are calculated 
to arrest the attention and excite the wonder of the oh- 


of the gem named zircon ; porphyry, and associated with 
it various trap rocks allied to basalt and amygdaloid. All 
the mountains, and especially those of the south, contain 
a great number of minerals much prized in collections, 
and of metals valuable to man, amongst which may be 
mentioned gold, silver,' iron, copper, cobalt, and lead. The 
mines of silver in Norway are situated at Kongsberg ; but 
although they once afforded rich returns, they now scarcely 
repay the labour bestowed on them. Large masses of 
native silver have been found here; one of them, about 6 
feet long by 10 inches in diameter, is now in the museum 
of Copenhagen, weighing upwards of 500 lb. The Kongs- 
berg mines abound with mineralogical curiosities, of which 
the most remarkable is native electrum, a natural alloy 
of gold and silver. There is a gold mine at Edswold, 
in the district of Rommarge, and mines of lead and silver 
in that of Jarlsberg; but they have not been wrought to 
any extent. The copper mines of Norway are chiefly 
sitinted in the northern division of the kingdom. The 
most considerable are those at Alten, situated in the 70th 
parallel of latitude, and worked by a company of English- 
men ; and at Roraas, on the Swedish Irontier, in Lat. 
62. 35. N. ; the latter of which were discovered in 1644. 
These consist of three mines, called the Storvuitz, Roraas, 
and Ejda. The ore both of the Alten and Roraas copper 
mines is of the same character; the veins not rich, but 
numerous and poweiful. Copper is supposed to exist to the 
northward of Roraas, in various parts of the mountain range 
which divides Sweden from Norway. The other copper 
mines are from 15 to 20 leagues from Trondhjem, at 
Quikne, Laeken, Selboe, and in the district of Christi- 
ania at Fredericksgave or Foledel. The principal iron 
mines are situated in Southern Norway; and of these the 
most distinguished are those of Arundal and Krageroe. 
The mines of Arundal are celebrated for the richness of 
their mineralogical treasures. Many of these are rare, 
such as botryolite, datholite, wernerite, scapolite, and mor- 
oxite ; besides abundance of epidote, actinolite, cocolite, 
and colophonite. The ore (magnetic iron ore) is found 
in beds of gneiss, of which the country is chiefly formed. 
The total quantity of iron ore obtained annually does not 
exceed 30,000 tons, but it is of the finest quality. The 
total produce of copper varies from 400 to 500 tons. 
The mines of cobalt, which are worked at Modum and 
Fossum, are extensive, but not very deep. There is a 
mine of plumbago and black lead at Engledal. The mines 
of alum, which are worked in the mountains of Egeberg, 


server of nature. He is speaking of the Snaasen Vand, 
a lake some 60 or 70 miles, north from Trondhjem. 
“About 7 miles inland from the present sea-strand, at 
the head of the fiord, and about 60 feet above the pre- 
sent high-water level, there is an ancient sea-beach of a 
very remarkable character. About the house of Fossurh, 
and 40 feet higher than the lake of that name, the sea- 
shells are so abundant that they might be applied to 
agi'icultural purposes, and they lie close to the surface.” 

At another place in the neighbourhood there is a large 
bed of shells, which have been used in mending the road 
for a considerable distance towards Snaasen Vand. “ They 
are entire ; the upper and under ones of the mussel, cockle, 
and clam are united, and the mussels grouped together, 
as in the living state ; so that this bed has clearly been the 
spot upon which the animals lived.” From these and other 
indications, it is concluded that a shore, in a direction 
nearly parallel to that of the present one of the Trondhjem 
Gulf, and on a level at least 60 feet higher, has exited 
at a recent geological period. These beds are not covered 
with any thickness of decayed vegetable soil, and the shells 
retain in part their natural hue and enamel. The land, 
therefore, has been elevated at no very distant period ; at 
what rate per century has not been determined as to this 
side ; but the Swedish philosophers assert that the change 
of level in the Gulf of Finland is at the rate of 4J feet 
in a hundred years. Such could not have been the case 
on the shores of Norway washed by the North Sea, for the 
relative positions of known points upon the line of the sea- 
shore, to the present level of the sea, are by historical 
evidence ascertained to have changed little if any during 
a thousand years. The change of level may have been 
local, or it may have gone on more rapidly at one time than 
at another. 

Earthquakes have been repeatedly experienced in Nor- 
way. History records one which occurred at Trondhjem 
on the 18th of July 1686, and another on the 1st of April 
1692. On the 14th of September 1344, the River Guul 
disappeared in the earth ; and on its bursting out again 
destroyed forty-eight farms and 250 human beings. About 
the same time a great earthquake took place in Iceland. 

Indeed the whole aspect of this country bears evidence to 
the fact, that at some period, or more probably at different 
periods, its surface has been elevated, depressed, and 
shattered by great convulsions. 

From the general elevation of the land, the climate is Climate 
of course rendereu more severe than would naturally be- ®oll* 
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Korway. long to a country under the same parallel, the general eleva- 

ws/— ^ tion of which was more nearly on a level with the ocean. 
The winters are long and very cold ; but, as in all northern 
climates, their length and severity are in some measure 
compensated by the great heat, and consequently rapid 
vegetation, in summer. Towards the east, and in the in- 
terior, the winter is longest, the cold, generally speaking, 
always increasing towards the north. The effects of the 
sea-breezes upon the general temperature of the coasts 
of all countries are well known. Winter, however, is very 
pleasant and salubrious; for although the air is cold, it 
is dry and bracing, not damp and raw. But the west- 
ern part, especially about Bergen and along the coast, is 
proverbially rainy, owing probably to the high mountains, 
which attract the clouds wafted from the ocean. But 
the country behind this barrier is on that account par- 
ticularly dry, perhaps somewhat too much so. In Norway 
the weather is in general more steady than in Britain ; it is 
either good or bad for considerable periods. The summer 
season is delightful, and very warm. In narrow glens it is 
too hot during the middle of the day ; but the morning, 
evening, and midnight hours are charming, and peculiar to 
this country. The sun is below the horizon for so short a 
time that the sky retains the glow, and the air the warmth 
and dryness, which are as grateful to the eye as they are 
pleasing to the feelings. A little north of Trondhjem it 
continues above the horizon for the twenty-four hours in 
the height of summer. Summer lingers long in this coun- 
try ; and. in general, it is an unbroken series of beautiful 
days. The disagreeable season is the spring (April and 
May), when, in the transition from winter to summer, the 
snows are suddenly melted, and the ground is rendered un- 
comfortable for travelling. Damage is sometimes done in 
this season by the rapid swelling of the torrents and 
rivers. When the white covering of winter disappears, 
vegetation bursts forth at once, and advances with asto- 
nishing rapidity. 

The mean annual temperature at Christiania is 41®‘o, 
the winter being 23°*2, the summer 59®*8. At Bergen 
the mean annual temperature is above 5° higher than at 
Christiania, being 46°*8 ; and while in the summer months 
the temperature is nearly the same, the winter months at 
Bergen are, on an average, not less than 13° warmer. At 
Trondhjem, in Lat. 63. 26. N., the mean annual tempera- 
ture for the year 1 826-7 was 40°‘8, being in each month 
as follows: — November, 33°*1; December, 31°*3; January, 
18°*5; February, ]6°'7; March, 27°*5; April, 42°*3; 
May, 56°*3; June, 62°*4; July, 57°*9; August, 54°'7; 
“September, 51°-1 ; October, 38°‘7. At Alten, in Lat. 69. 
57., the average temperature for eleven years (1837-1848) 
was at 9 A.M. 34°*o0, and 9 p.m. 32°*83 ; mean, 33°*66. 
The mean temperature of February, which is decidedly the 
coldest month, is 15°*4 ; and of August, w'hich is usually 
the hottest, 54°*3. This range, however, is small com- 
pared with the actual extremes on particular days ; for we 
find in 1848 the maximum at 86°*9,the minimum at -20°‘2. 
It is rarely, however, that the mercury falls below zero ; 
whilst there is not perhaps another part of the earth’s sur- 
face on this parallel where the mercury does not freeze in 
winter. * The fall of rain and snow here in 1848 was 17*19 
inches. The gulf-stream exercises an important influence 
upon the climate of Norway. Taking its rise in the Gulf 
of Florida, it proceeds northwards and eastwards, until it 
breaks on the shores of Europe and Northern Africa, a por- 
tion of it striking the western coasts of the British Isles, 
and being prolonged to the co'ast of Norway, imparting 
warmth to water and to land, and effectually repelling the 
invasion of floating ice, with which the coast of Norway 
would otherwise be continually menaced. It is a remark- 
able fact, that the smallest piece of drift ice is unknown on 
any part of the Norwegian coast, though it extends to Lat. 
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71. N.; while off the coast of North America they are oc- Nonvay. 
casionally seen as far south as Lat. 41. N. 

The luxuriance of vegetation being abridged by the 
length and severity of the winter, the soil is thus indirectly 
rendered comparatively sterile. In America the immense 
forests are continually enriching the mould with their de- 
caying foliage ; but in Norway the paucity of alluvial tracts, 
the prevalence of rock, seldom far beneath, and often form- 
ing the surface, together with the want of vegetable decom- 
position, materially detract from the quantity as well as the 
quality of the soil. In some parts it is very rich ; and the 
valleys, in particular, are celebrated for their luxuriant fer- 
tility. But much of the soil is thin, and obstructed by 
rocky knobs rising above its surface, and interfering with 
the labours of the husbandman. “I have not, indeed,’’ 
says Mr Laing, “ seen in Norway twenty acres of arable 
land in one field, without some obstruction from knobs of 
stone.” The vegetation of the west coast of Norvi-ay is very 
similar to that of Britain, but in the south and cast tliere 
is found a completely different flora, approximating to that 
of Denmark and Germany. The cause of the remarkable 
difference between the flora, and also the fauna, of the 
two coasts, may probably in part be referred to the 
absence of tides on the south coast. This circumstance 
seems to exercise an important influence on the cha- 
racter of the natural productions of the country ; and we 
the more especially refer to it, as it seems to have been 
hitherto entirely overlooked by naturalists. At Bergen the 
tide falls 6 or 8 feet, but on the south coast it does not fall 
6 inches. 

“ In Norway,” says Mr Laing, “ the trees of the pine tribe Natural 
are called furu and gran, Furu is our pine (Pinus silves- produc- 
tris\ and gran is our fir (Pinus ahies ) ; the one is the red 
wood, and the other the white wood of our carpenters. 

There are whole districts which produce only furu, others 
only gran ; and this seems not exactly regulated by latitude 
or elevation. The zones at which different trees cease to 
grow appear to be a theory to which the exceptions are as 
numerous as the examples. In Romsdal amt, at Fanne 
Fiord, near Molde, in Lat. 62. 47. N., and with a me- 
dium temperature of only 4° of Reaumur (41° of Fahren- 
heit), pears, the bergamot, gravenstein, and imperial, and 
also plums, come to perfection ; and the walnut tree often 
bears ripe fruit. Hazel and elm in the same amt form con- 
tinuous woods, as at Egerdal. Yet the gran disappears 
altogether, although in the same degree of latitude it grovvs 
at an elevation of 1000 feet above the sea in the interior 
of Norway, and even in Lat. 69. in Lapmark. It has 
been found a vain attempt to raise it in Romsdal amt, a 
locality in which the following trees and bushes grow 
readily : — Canadian poplar, balsam poplar, horse chestnut, 
larch, elder, yew, roses of various sorts, lavender, box, 
laburnum, white thorn, and ivy. Larch brought from Scot- 
land appears to thrive. There must be something in the 
nature of the plants, not connected with elevation or lati- 
tude, that determines the growth of the gran and furu.” 

Wood grows in sheltered situations in Norclland and Fin- 
mark, as far north as Alten Fiord (Lat, 70.), but of dimi- 
nutive size, and in limited quantity- Trees in the valley of the 
Namsen are large enough for building material and the masts 
of'ships. Laing remarks, that he did not expect certainly 
to be charmed with the crops in the sixty-fifth degree of north 
latitude ; but the vegetative power, whatever be the cause, 
is more vigorous here than in the north of Scotland. Some 
of the largest establishments of saw-mills in Norway arc 
supplied with trees from the forests around the Snaasen 
Vand. Of ordinary productions, — as rye, oats, here, flax, 
hops, — there appeared to be great crops. This may well be 
in a soil and climate which raises such noble forests. Be- 
hind the house I inhabited is a standard cherry-tree bear- 
ing ripe fruit. It would be a rarity in Scotland to raise 
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them miless against a wall, even eight degrees of latitude 
south of this ” Here Mr Laing found hops cultivated as a 
crop, while flax ripened so as to be fit for seed. The 
mountain and common ash are here scarce ; the aspen, 
wild cherry, birch, and the pine tribes, being the trees, and 
the juniper, wild raspberry, and wild rose, the bushes which 
generally prevail. 

The country south of the Namsen may be considered as 
capable of producing, in favourable situations, the grains and 
fruits of England, and these, too, often in the highest degree 
of perfection. Most kinds of fruit are abundant, but the 
greatest favourite is the cherry. The crop of cherries is 
scarcely ever known to fail ; and in proof of the abundance 
of this fruit, it maybe mentioned that the Norwegians pre- 
serve it in great quantities, and use it in many culinary 
operations. Amongst the fruits growing wild are straw- 
berries, raspberries, cloudberries, cranberries, and various 
other kinds of berries. The three first mentioned are con- 
sidered as delicious, and they are eaten both when freshly 
gathered, like cultivated strawberries, and after being pre- 
served. 

The animal kingdom of Norway requires some notice. 
As population has increased, the wild animals have of course 
gradually disappeared, and the bear and the wolf are no 
longer the terror of the traveller, as they were wont to be. 
In November the bear retires to some sheltered hole in 
the rocks of the Fjeld, and remains in a state of inactivity, 
without food, it is said, until April. Indeed many of the 
smaller animals — the field-mice, the lemmings, and, Mr Laing 
conjectures, many of the birds — pass the winter in this cli- 
mate in a state of occasional torpidity. The wolves are not 
so dangerous animals as those of tlie south of Europe. They 
rarely attack a man, but they will carry off a dog at his 
side; and they often commit serious havoc amongst the 
domestic animals. The loss of sheep, calves, cows, and 
foals, in certain parishes, during the season when they are 
at pasture, is sometimes immense. Bears also commit 
depredations of the same kind, but not nearly to the same 
extent as the wolf, which, when he gets into a herd, bites 
and tears all that he can overtake. Many horses may be 
seen scarred by them. The elk is now rarely met with, 
and in all likelihood lias entirely disappeared from this part 
of Europe. It is described in former times as a magnificent 
animal, being often seventeen hands in height, and some- 
times exceeding in size the largest horse. The glutton or 
wolverine, so called in America, is reckoned a Norwegian 
animal. Its total length is not more than two feet and a 
half, and it flies from the face of man. It feeds chiefly 
upon beasts which have been accidentally killed; but it 


the lemming are abundant in some parts, particularly in the 
north. A multitude of birds inhabit the coasts of the ocean, 
and Norway furnishes a considerable part of the eider-down, 
so well known to the luxurious in couches. Game is plen- 
tiful; the principal birds being called the tyckler, roer, 
ryper, and jerper. The tydder is the bird known of old in 
Scotland by the name of capercailzie, and which became 
extinct in that country, but has been introduced again of 
late years by the Marquis of Breadalbane and other noble- 
men. The cock is a noble bird, of the size of a turkey- 
cock, with a bill and claws of great strength. The roer is 
the female, and in size, plumage, and appearance so dif- 
ferent from the male, that it has received a different name 
in the language. The ryper is the same as the Scottish 
ptarmigan, but larger and better clothed. Its flavour, how- 
ever, is inferior to the game of the Scottish hills. But the 
jerper is a more delicate bird for the table than any of our 
game. It is of the grouse species, and about the size of 
a full-grown pigeon. The silence of the forest solitudes 
is occasionally broken by the sweep of the eagle’s or the 
heron’s wing; but the traveller in Norway is generally 
struck with the limited number of small birds which he 
meets in the course of his ratnblings. Magpies, the Hoys- 
ton crow, and swallows, are common ; but the lark, linnet, 
thrush, blackbird, robin, and some others common to Great 
Britain, are little known liere. Mr Barrow mentions hear- 
ing the cuckoo, not far from Rbraas, at an elevation of 
3000 feet above the level of the sea. Hares and squirrels 
are in considerable abundance ; and there are some other 
quadrupeds and birds no strangers in the country, but they 
are of too little importance to require any particular men- 
tion. Amongst domestic animals may be mentioned the 
horse, goat, sheep, and cow : the goose, the duck, and the 
turkey, which are also found wild. Of horses there is a 
small breed very general in Norway, and another of a larger 
size, which is much esteemed for its swiftness and surencss 
of foot. “ These Norwegian horse are beyond all praise,” 
says Mr Laing; “ they scamper down hills as steep as a 
house roof, and in going up hill actually scramble. They 
have no objection whatever, if you have none, to any path 
or any pace ; they are the bravest of horse kind.” All 
travellers speak of them in similar terms. They are fed 
entirely upon hay, which, although merely withered grass, 
appears to be more substantial than ours, from the wind 
and powers of the horses, whicli live upon nothing else. 
The sheep are shaped like deer, having long legs and small 
muzzles. Numbers of goats and cows are kept, the milk 
which they yield being very rich and highly esSteemed. 
Fish abound in the seas, lakes, and rivers of Norway; and 



wall hunt small animals, such as meadow-mice, marmots, the inhabitants not only derive a considerable portion of 
and the like, and occasionally attack disabled animals of a their subsistence from fishing, but it also forms an import- 
larger size. Although not fleet, it is very industrious, and ant article of export. Salmon-ffsliing in Norway has be- 
does great injury to the small fur trade in the northern come a favourite pastime with many of our countrymen. 

])arts of Europe. The rein-deer, which is found in con- Amongst the insects, the gnat, or rather mosquito, is fimnd 
sidei’ahle numbers on the Hardanger Fjeld and the Sogne exceedingly annoying. They are in greatest abundance 
Fjolcl, and the diversified qualities of which are so beau- and most venomous in the north. T\\q Faria vif emails^ so 
tifiilly adapted to the bleak and inhospitable regions in the called from the dreadful effects which follow from its bite, 
noith of Norway, will be found described in the article frequents the marshes or boggy grounds. The acute pain 
Laplakd. The author of Notes on a Yacht Voyage to and inflammatory sw'elling which its bite produces are re- 
Hardanger Fiord mentions falling in with a herd of from moved by a curd poultice, which is said to be an infallible 
three to four hundred rein-deer when descending from the cure. The entomology of the south of Norway is very 
Folgefonden. “ The w hole herd was soon out of sight, similar to that of the south of England, whilst that of the 
In the distance it resembled a vast moving cloud against west resembles the entomology of Scotland, 
the snow, with a small dark mote in front. The guide said The i)rincipal products of the Norwegian farm are, — oats, Agricul- 
they were not often seen congregated in such large num- rye, wheat, here, hops, flax, a kind of bearded spring grain, tural pro- 
bers.” The beaver, although not extinct, is rare, and lives with potatoes ; and a large portion of every farm is set apart 
solitary, not, like the American beaver, in society. A par- to grow grass for the cattle and horses. The grass for the 
ticular kind of dog, with a remarkably fine, soft, and glossy most part is natural, sown grasses for hay being very little 
fur, is bred for its skin, which is made into pelisses for cultivated. The land, after a here crop following potatoes, is 
winter wear. Besides the wild and tame rein-deer, red left to sward itself with natural grasses for four years, and 
deer are pretty numerous in some districts, The fox and to form the hay land ; so that the proportion of grass to 
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Norway, arable land is much greater than in our farms. The natural 
^ grasses do not attain any length, and they are shaven as 
close to the ground as a bowling-green. The fields are not 
what is called top-dressed, as with us. The scythe in use 
is much shorter in the blade than that of Great Britain, and 
it answers the purpose much better. Potatoes have been 
much cultivated since 1812 and 1814, when bad crops, and 
the war then raging, reduced many to the use of bark-bread. 
A small inclosure tor hops is attached to every farm-house ; 
but garden vegetables are little used. Probably the short 
interval between winter and summer allows little time for 
attending to any but the essential crops. The hop flour- 
ishes with little attention under the sixty-fourth parallel ; 
a striking fact, seeing that this plant is delicate and pre- 
carious in the south of England. In farming operations, 
ditching, draining, and clearing land of vegetable and other 
obstructions, are prosecuted with great spirit and success. 
Agriculturists are continually adding to the quantity of 
arable land in the country by thus redeeming the soil from 
its original wild state. However, from causes already men- 
tioned, Norway is not capable of furnishing the means of 
subsistence to any considerable population. Generally 
speaking, only the glens of the country are inhabited. On 
the dividing ridges there is little or no cultivation, and, in- 
deed, no soil to cultivate, but only rounded masses of 
gneiss and micaceous rocks, with juniper, fir, aspen, birch, 
and beech, growing where they can amongst the stones. 

Mr Laing gives a minute account of a Norwegian farm 
rented by a Scotchman ; and as he considers it “fitted to 
be the representative of a large portion of the estates into 
which this country is divided,” we shall abridge his descrip- 
tion. Each farm may be considered as consisting of three 
divisions. The first is the infield, or what we should call the 
mains, or home acres, inclosed for the crops and the best 
hay. The next is the mark or outfield, also inclosed, and 
affording the out-pasture for the cattle. Parts of it are oc- 
casionally fenced off, and broken up for*grain, and, when 
exhausted, are left to sward themselves ; so that when the 
cattle are sent to the fjelde in summer, some hay is got 
from the mark. There is often a still rougher piece of 
ground divided from the mark, as a range for goats and 
young cattle, called the out-mark. The third division is 
the seater. This is a pasture or grass farm, often at the 
distance of 30 or 40 miles up in the fjelde, to which the 
w'hole of the cattle and dairymaids are sent fbr three or four 
months in summer. The huts on these seaters are substan- 
tial buildings, with every accommodation necessary for the 
dairy, and butter and cheese are accordingly made in very 
considerable quantities. “ The farm of my countryman,” 
says Mr Laing, “■consists of 1276 maelings, or 290 Eng- 
lish acres; but this does not include the seater, which 
happens here to be on the hills immediately behind the 
farm, is covered with fine trees, and is of a defined 
boundary, extending about a Norwegian mile (7 Eng- 
lish miles) in circuit. On the measured land, 148 acres 
are cleared ; but, being farmed in the Norwegian style, one- 
third only bears crops of corn and potatoes. Tlie remain- 
der is always in grass or hay, for the winter support of the 
cattle. It is natural grass, not top-dressed with manure, 
and is mown when not above the length of one’s finger, so 
that the proportion of arable land that must be given up to 
Ipep the cattle in winter is enormous. It is the system of 
farming in this quarter ; 142 acres outside of the 148 infield 
are half cleared, being fenced off and ploughed in patches. 
It bears good grass, but is encumbered in some places with 
brushwood and stones.” 

“ This farm supports twenty cows, seven horses, and a 
score or two of sheep and goats. The accommodation for 
cattle is excellent. They stand in a single row in the 
middle of a wide house, with partitions between each, and 
room before and behind greater than is occupied by the 


animal itself. The cow-house is lighted by glass-windows 
on each side. The cattle stand on a wooden floor, below 
which is a vault, into which the dung is swept by a grated 
opening at the end of each stall.” All the cow-houses in 
Norway are constructed on this large and convenient scale; 
and neither cows nor horses require litter, which is a great 
saving of fodder. Besides, they are kept perfectly clean 
with comparatively little trouble. The value of a farm in 
Norway depends very much upon the locality. In For- 
ester’s Norway (Appendix), one containingabout 300 acres 
of cultivated land, besides some bogs capable of cultivation, 
and a good little forest of different kinds of wood, is men- 
tioned as having cost about 12,000 dollars, or about L.2200 
sterling. Twenty years were allowed to discharge the pur- 
chase-money, the tenant in the meantime paying a rent of 
L.4 per cent. Many farms, however, of like extent, may be 
had fbr one-half, or even one-third of this sum. The one men- 
tioned by Laing was considered worth about 4000 dollars. 

“ The harvest-work here,” says Mr Laing, “ and I believe 
all over Norway, is well done ; and parts of their management 
might be adopted with advantage in our late districts, where 
so much grain is lost or damaged almost every autumn by 
wind or rain. For every ten sheaves, a pole of light strong 
wood, about the thickness of the handle of a garden-rake, 
and about 9 feet in length, is fixed in the ground by an iron- 
shod borer ; it costs here almost nothing. A man sets two 
sheaves on the ground against the stem, and impales all the 
rest upon the pole, one above the other, with the heads 
hanging downwards.” This is certainly a mode very supe- 
rior to ours ; and they have likewise a better way of cutting 
it, by which little of the grain is lost. But for an account 
of this process, and other farming operations, we must refer 
to Mr Laing’s work (pp. 96, 106). 

The breed of cattle in Norway is fine-boned, thin-skin- 
ned, and kindly-looking; the colour is generally white, 
sometimes mixed with red, but seldom entirely black. The 
head and muzzle are as fine as in our Devonshire breed. 
There is so little coarseness about the head or neck of the 
bull, that the difference between him and the ox is less ob- 
servable than in our breeds. The cattle are all very care- 
fully attended to, and form an important branch of the hus- 
bandry, as dairy produce enters much into the food of every 
family, and is more certain in this climate tlian that of 
grain. The cows, sheep, and goats are more tame and 
docile than they are in Britain, from the constant care and 
attendance bestowed on them during the long period which 
they must stand within doors ; and the Norwegians are re- 
markably kind to their domestic animals. Goats are a 
favourite stock, and on every farm appear to be much more 
numerous than sheep. The goat will eat and thrive on the 
shoots of the dwarf birch, beech, and young fir ; but the 
sheep will not, and in winter it requires some hay. The 
goat then gets dried leaves and shoots of the beech, 
which only cost the trouble of collecting and drying them. 

Irrigation is carried on in many parts to an extent quite 
unknown in this country. Hay being the principal winter 
support of live stock, and both it and corn, as well as pota- 
toes, being liable, from the shallow soil and poweriul reflec- 
tion of the sun’s rays from the rocks, to be burned and with- 
ered up, the greatest exertions are made to bring water from 
the head of each glen, along such a level as will give the 
command of it to each farmer at the head of his fields. This 
is done by conducting water in troughs made of the half of a 
tree roughly scooped out, from the highest perennial stream 
amongst the hills, through woods, across ravines, along the 
rocky and often perpendicular sides of the glens ; and I'rom 
this main trough lateral branches shoot off to each farm. 
The farmer distributes this supply by moveable troughs 
amongst his fields, w^atering each rig successively. The 
quantity of land traversed by these artificial water-courses 
is very great. 
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Norway. In winter, when agricultural operations are suspended, the 
Norwegian employs himself in making all the implements, 
furniture, and clothing, which his lamily may require ; 
thrashing out the crop, attending to the cattle, driving about 
to fairs, or paying visits. The heaviest of his occupations is 
driving wood out of the forests, or bog-hay from the fjeld 
where it is made in summer by those who attend the cattle. 
The distillation of potato-brandy was, until very lately, 
general all over Norway, every common bonde or peasant 
proprietor distilling his own few barrels. The vice of 
drunkenness, however, had become so flagrant, that it was 
considered necessary by the Storthing to place very 
stringent restrictions on the sale and manufacture of 
spirits ; and now private stills are strictly forbidden, and 
spirits are only allowed to be sold in the towns. The im- 
provement in public morals, in consequence, has been very 
marked. In the valley of the Miosen Mr Brace made 
inquiries as to tlie general morality of the bonders of the 
province, and learned that intoxication was certainly very 
much diminished since government had made it so diffi- 
cult to get brandy, and that altogether there was a great 
progress ; which doubtless is the case in all other districts. 

The thrashing machines in general use amongst agri- 
culturists are similar in construction to those of Scotland ; 
and some have grinding macliinery attached to them. 
There is an institution of a very peculiar nature, which is 
quite common all over Norway. In this country there are 
no merchants equivalent to our corn-dealers, nor are there 
any weekly markets held for the sale of grain. There are 
no middle-men between the grower and the consumer, and 
any surplus grain which the farmer may have is stored up 
in wliat may be called corn magazines, which are just large 
warehouses erected in various parts of the country, as the 
necessities of the inhabitants require them. What grain the 
farmer thinks he will not require he conveys in sledges to 
these places, and for every eight bushels which he deposits, 
he receives nine at the end of twelve months ; in short, he 
lays it out at interest, and has an increase of one-eighth per 
annum. If, however, he has none deposited, or overdraws, 
he pays for the quantity received in loan at the rate of one- 
fourth of increase per annum; so that for every eight 
bushels which ho takes he pays back ten at the end of 
twelve months, or at that rate for whatever time he may 
have the loan. This is, in fact, a savings-bank for corn, 
and is probably the most ancient of these institutions. 
The small profit which occurs upon these transactions de- 
frays the necessary expenses of building and keeping up the 
magazines, which are entirely under the management of 
the bonder or peasant proprietors. In Norway the bulk of 
the farmers have no rent to pay, the property beiiTg theirown ; 
the articles which their farms produce constitute nearly the 
whole of the food or raiment whicli they and their people 
require ; and there arc not, as in other countries, consider- 
able masses of population in towns and villages, who, not 
being producers of food themselves, must obtain it from 
those wlio are ; so that the farmer is less dependent upon 
money-bringing crops than is the case with us. If he raise 
wliat is sufficient for his own household consumption, with 
a little surplus for sale to purchase a few luxuries, all the 
pur[)oses of farming are served with him. 

Skate of Property in Norway is held by wliat is called the udal 
property, odel system of rights, not from any superior, not even 
from the king, but, as the possessors proudly express it, by 
the same right by which the crown itself is held ; conse- 
quently there is no acknowledgment, real or nominal, as 
feu-duty or reddendo, paid. In this country all lands are 
theoretically said to be lield from the king ; and, according 
to Sir Edward Coke, we have no allodial lands. In Nor- 
way estates are allodial, the absolute property of the owner ; 
they are therefore possessed without charter, and are sub- 
ject to none of the burdens and casualties affecting land 


held by feudal tenure direct from the sovereign, or from his jy 
superior vassal. There is, in short, a total negation of the 
feudal principle ; there is neither superior nor vassal ; so 
that the military service which the latter paid to the former 
in consideration of tlie land which was granted appears 
never to have existed in Norway ; and as this constituted 
the foundation of the law of primogeniture, so where such 
service was entirely unknown, there was no necessity for 
that law, which consequently remained equally unknown. 

In all feudal countries the eldest male heir has to pay an 
acknowledgment to the feudal superior on his entering as 
vassal in the land. But udal, or noble land, as the word 
signifies, not being held for military service to a superior, no 
delectus personae as to who should inherit it was competent 
to any authority, and consequently no preference of the 
eldest male heir could grow into the law of succession to 
land. Hence the land came to be equally divided amongst 
all the surviving children, male and female. There ap- 
pears, however, to be a species of entail connected with the 
udal tenure. If the udalman in possession should alienate 
to a stranger, the next of kin has a right of redemption on 
paying the price of the land. This is called the Odel- 
baarn’s Ret, and all the kindred of the udalman in posses- 
sion are what is called Odelsbaarn to his land, or, in other 
words, have a certain right in the order of consanguinity. 

By recent enactments, this right of redemption has been 
limited in its exercise to a period of five years ; and it is 
provided that all improvements, as well as the original price, 
must be paid for. 

The equal partition of property amongst children by the 
udal tenure has prevented the accumulation of property in 
large masses ; but, as might have been expected by theo- 
rists, it has not led to subdivisions of estates to an injurious 
extent. “The division of the land appears not," says Mr 
Laing, “ during the thousand years it has been in operation, 
to have had the .effect of reducing the landed properties to 
the minimum size that will barely support human existence. 

I have counted from five-arid- twenty to forty cows upon 
farms, and that in a country in which. the farmer must, for 
at least seven months in the year, have winter-houses and 
provender provided for all the cattle. It is evident that 
some cause or other, operating on aggregation of landed 
property, counteracts the dividing effects of partition among 
children." In another place Mr Laing says, “ The estates 
of individuals are generally small ; and the houses, furni- 
ture, food, comfort, ways and means of living among all 
classes, appear to me to approach more nearly to an equality 
to one standard than in any country in Eurojje. This 
standard is far removed from any want or discomfort on the 
one hand, or any luxury or display on the other. The 
actual partition of the land itself seems, in practice, not to 
go below such a portion of land as will support a family 
comfortably, according to the habits and notions of the 
country ; and it is indeed evident that a piece of ground 
without houses upon it, and too small to keep a family 
according to the national estimation of what is requisite, 
would be of no value as a separate property. The heirs 
accordingly either sell to each other, or sell the whole to a 
stranger, and divide the proceeds. The duty of the Soren- 
skriver, or district judge, consists chiefly in arranging this 
kind of chancery business, and all debts and deeds affecting 
property are registered witli him." 

The cause which, according to Mr Laing, has prevented 
excessive subdivision is, “that in a country where land is 
held, not in tenantry merely, as in Ireland, but in full 
ownership, its aggregation by the deaths of co-heirs and by 
the marriages of female heirs among the body of land- 
owners, will balance its subdivision by the equal succession 
of children." This is undoubtedly true ; and when taken in 
connection with other facts, may sufficiently explain the 
case. Mr Laing informs us that the standard of living is 
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ITorway. high in Norway; or that the population is much better 
— f clothed, lodged, fed, and generally provided for, than our 
labouring and middling classes in the south of Scotland. 
The dwelling-houses of the meanest labourers are divided 
into several apartments, and have wooden floors and a suffi- 
cient number of good windows, with some kind of outhouse 
for cattle and lumber. Their food and clothing are equally 
good and substantial. Now it seems quite clear that a 
Deople habituated to such a standard of subsistence and 
comfort will not only not suffer their condition to sink in- 
definitely below it, but by prudence and foresight in the 
contraction of marriage and the raising of a family, will keep 
down their numbers considerably within their means of 
subsistence. In Norway, that condition which secures 
respectability to a common man is one in which he com- 
mands not only all the comforts, but most of the luxuries 
of life common to the country ; and the natural desire of 
all mankind to keep up caste, to maintain themselves in that 
station in which they were born, not to decline from it, and 
fall, as it w’ere, out of the ranks, will operate as a most 
powerful check upon the minute subdivision of land. There 
are other causes in operation, to which our circumscribed 
limits will only admit of our adverting. These are the 
ancient and confirmed habits of the people, which may be 
taken into account as a corollary of the preceding proposi- 
tion ; and the absence of impediments, such as fines or 
alienation, or imposts of any kind, in the way of sale or 
conveyance. Where such fines exist, the difficulties of 
re-uniting land which has been subdivided are great and 
annoying. 

The bulk of the population in Norway consists of two 
classes of landholders : those who have farms larger than 
they themselves can cultivate, and those who exclusively 
farm their own estates. The first are called proprietors, 
a sort of conventional term, equivalent to our esquire ; 
the smaller landholders, who work upon their own estates, 
are called bonder^ a term, as appears, nearly equivalent to 
feuar in Scotland. The incomes of the former seldom 
exceed L.150 or L.200, although there are some * who 
possess as much as L.3000 or L.4000 sterling per an- 
num. The Norwegian valleys are crowded with bonder 
farms, which are very numerous throughout the country, 
and, with their look of plenty and completeness, may com- 
pete with the richest and most beautiful in Scotland. Mr 
Laing draws a very pleasing and interesting picture of this 
class of people, whose comfort and happiness may indeed 
be inferred from a short statement of facts. They are 
owners of their own little estates, which produce all the 
necessaries of life, and afford a surplus for the payment of 
taxes and the purchase of luxuries. They are exceedingly 
well lodged, and the families live abundantly ; the manner 
of living, indeed, is pretty much the same amongst all classes. 
These, and the comfortable assurance that in case of death 
the udalman leaves his wife and family provided for, are cer- 
tainly calculated materially to promote human happiness. 
“ This class,’’ says Mr Laing, ‘‘are the kernel of the nation. 
They are in general fine athletic men, as their properties 
are not so large as to exempt them from work ; but large 
enough to afford them and their households abundance, 
and even a superfluity, of the best food.” 

Besides the bonder, or agricultural class, properly so 
called, who occupy all the most fertile lands in the country 
“ from the shore-side to the hill-foot,” whereon corn will 
grow, there is another class called fjeld bonder, who form 
a connecting link, as it were, between the class above de- 
scribed and the wandering Laplander, They also possess 
land, aftd have houses which, although small, are comfort- 
able ; but being above, the level of the corn-growing coun- 
try, their situation is not so favourable, nor is their condi- 
tion equal to that of the other small proprietors. The fjeld 
bonders are “ the hewers of wood and drawers of water” in 


Norway ; but they still possess property in cattle as well as in NTorway. 
land, and they are described as extremely hardy and active, 
and as having more robust frames than the agricultural 
bonder. There is yet another class of the population which 
is altogether distinct from any of the preceding, consisting 
entirely of fishermen, whose social condition must be con- 
siderably inferior to that of the others. 

In the provinces of Nordland and Finmark, which oc- Fishing, 
cupy the northern part of Norway, beyond the River Nam- 
sen, agriculture is but a secondary business, and fishing 
may be said to occupy most of the attention of the inhabi- 
tants. Indeed, a Norwegian writer says, that were it not 
for the Norwegian fishery, the whole of Finmark and a part 
of Nordland would be inhabited only by nomad Finns, 
and the towns all along the coast would languish and disap- 
pear. The crops of grain are too inconsiderable and pre- 
carious to afford them the means of subsistence, and the 
riches of the deep are brought in as a compensation for the 
poverty of the land. The winter fishery in the Lofoden 
Islands, from the middle of January to the middle of 
April, and the summer fishery over all the coast, which in 
some branch or other gives employment for the remainder 
of the year, furnish the inhabitants with the means of pur- 
chasing the necessaries which they require. 

The Oxonian in Norway^ by the Rev, F. Metcalfe, 
published in 1856, gives a very complete account of the 
Lofoden fishery ; and from that work we extract the fol- 
lowing particulars ; — The fishermen begin to arrive in open 
boats from all parts of Norway soon after New Year’s Day, 
and take up their positions along the coast, from Balstad on 
the W., to Bretesnes on the island of Great Molle on the 
E. In each boat there are generally five men, one of whom 
commands and takes the helm. At Henningsvar, a favour- 
ite station, as many as 900 boats congregate; and it is 
computed that there are at least 3500 boats, giving an 
aggregate of 21,000 men, employed exclusively in fishing. 

Besides these, there are numberless jaegts and jagts, be- 
longing to merchants from far and near along the coast, 
which come to buy oil and fish, and sell groceries, &c. 

At Svolvar alone there were no fewer than 140 of these 
vessels. The fishermen live in huts along the shore, which, 
together with the permission to fish, they hire of the pro- 
prietors of the adjoining land at certain rates fixed by 
government. If the morning is fine and the weather suit- 
able, the government officers appointed for that purpose 
hoist the requisite signal, and the boats go out and set their 
nets and lines generally at right angles to the run of the 
coast. If the weather is bad, no signal is hoisted ; and 
every one venturing out under those circumstances is liable 
to a fine of 5 dollars, and to have all his fish seized. Most 
of the day is consumed in fishing with a hand-line and in 
taking up the nets and long lines. On getting to shore, 
the fish are gutted and hung up to dry on poles and cross- 
bars, which they hire of the proprietors along the coast. 

These are stock-fish (so called because they are dried on 
stocks or poles), and are unsplit. Others, which are sold 
to the owners of the jaegts, are split open, salted down, 
and packed flat in the holds of these vessels. On obtain- 
ing a cargo, they leave for home ; and on arriving there, 
the fish are taken out of the vessel, washed, and dried upon 
the rocks. These are klip-fish — 2 ,e., rock-fish. The laws 
of Norway are very stringent regarding the preparation of 
the stock-fish. None are allowed to be taken down before 
the 12th of June, nor are any allowed to be hung up after 
the 14th of April. There is a fine of 2 dollars on every 
hundred fish taken down or hong up before or after the 
above dates respectively. Everything is managed accord- 
ing to strict rule, and under the surveillance of government 
officers. During the period of the fishery no steamer is 
allowed to come near, for fear of driving away the fish. All 
the fish caught after the 14th of April are prepared as klip- 



Norway, fish ; but the fishing is virtually over then, and the men 
leave the Lofodens, returning, hovj^ever, in ^the course of 
the summer to take away the stock-fish, llie cod-liver 
oil so extensively used in medicine is prepared from the 
livers, which are put into barrels brought from home for the 
purpose, or sometimes sold to merchants on the spot. The 
best oil is that which exudes from tbo natural fermentation 
of the liver. Cod-liver oil is not obtained solely from the 
cod-fish, but also from others, as the shark, the ling, and 
especially the sei or coal-fish, its liver being richer in oil 
than that of’ the cod. It is caught in large quantities in 
summer, especially in the I^ay of Varanger. Cod-liver oil 
costs on the spot from o to 6 dollars the barrel of 120 pots, 
and II wine-bottle holds about three-fourths of a pot; so that, 
in round numbers, at the highest price, it costs about Is. 
the imperial gallon. 

All the towns export fish. Bergen exports more than 
one-half the stock-fish; but of late the Ilomsdal towns, as 
they are called, have become dangerous rivals to it in the 
klip-fish trade. Half the oil goes from Bergen. There is 
still a heavy export duty on all kinds of fishery products. 
About L.6000 are also raised annually by the duty on salt, 
the greater part of which is used in curing the fish. Until 
18ol, a tithe of all the fish and oil was paid to the church 
of the district ; but instead of this tax, which was very vexa- 
tious, and led to numerous disputes and much dishonesty, 
an exti'a tax of two skillings per waag (36 lb.) is levied on all 
fish exported ; while on oil the additional duty is 12 skillings 
(5d.) per tonde (30 gallons). The value of the clifi'erent kinds 
of fish annually exported is estimated at about one million 
sterling. The quantities are given in a subsequent table. 

Besides these important general fisheries, there is in 
every creek of’ the fiords, even at a hundred miles up from 
tile ocean, abundance of cod, whitings, haddocks, flounders, 
sea-bream, and herrings, caught for daily use and for sale 
by the seafaring peasantry. The rivers and lakes are like- 
wise well supplied with fish (the former with salmon), which 
may indeed be said to constitute the basis of a Norwegian 
repast. Dried and salted fish is sent in great abundance to 
the Mediterranean, and also to Hamburg and Holland. Lob- 
sters are caught among the rocky islands in immense num- 
bers for the supply of the London market. Anchovies are 
also caught in prodigious quantities. 

Manufac- The manufactures of Norway are too unimportant to 
tures and detain US long. Wood and fish are the chief produce of 
commerce, the country; and these find their way to every part of 
Europe, chiefly in Norwegian vessels, which in return bring 
home whatever foreign articles are required, at the cheapest 
possible rate of f’reight. The import duties are very mode- 
rate. Before the importer pays his duties, he is allowed 
to take his goods to his oivn warehouse and shop, upon 
giving security for the amount of the duties ascertained by 
the custom-house officers at landing; he also keeps an 
account of his sales, and pays the duty every throe months 
upon the quantity which appears to have been sold. This 
must be of great advantage to the dealer in a country so 
poor as Norway, since it leaves his capital entirely free for 
active employment. Coffee, sugar, tea, French biandy, and 
French and Spanish wines, tobacco, and a limited quantity of 
spiceries, are the principal articles for which the housekeeper 
has to disburse money. The other necessaries of life are pro- 
duced by themselves. Shoes, furniture, cloths, and the like, 
are all made at Iiome. Looms are at work in almost every 
house in the country ; carding, spinning, and weaving form- 
ing constant occupations of the female part of the household. 
Woollen cloth, substantial but coarse, excellent bed and 
table linen, and checked or striped cotton or linen for female 
apparel, are the ordinary fabrics produced. These home- 
made stuffs, including boots, gloves, and in bad weather 
great-coats, clothe the greater part of the inhabitants, and 
more comfortably than is the case with the low'er and mid- 


dling classes of people in most other countries. The upper Norwa 
ranks, or the people of condition, dress as in other parts of v , ^ 
Europe ; and as living and lodging are nearly on a level 
amongst all the respectable clashes, the peasant proprietor, 
and those more vvealthy than he is, this wearing of foreign 
articles by the latter, and home-made stuffs by the former, 
would seem to constitute a kind of conventional distinction 
between them. 

The principal articles of export are timber, bark, iron, 
copper, fish, and some others. The principal articles of 
import are corn; colonial produce; woollen, linen, and cotton 
goods; w'ine; brandy, &c. The following is the quantity 
of fish exported from Norway in the year ISoo, viz. ; — 


Stock-fish tons 16,37^ 

Klip-fish 2:i,318 

Cod Roes barrels 30,(568 

Herrings, salted... „ 519,868 

Other Fish, salted „ 3,040 


Ood-biver Oil ... barrels 78,804 

Anchovies kegs 11,737 

Salmon, smoked. lbs, 4,551 
Salmon, salted... barrels 77 
Lob.sters, live... number 814,188 


In the year 1854, 31,000 quarters of oats were exported, 
which Mr Crowe states is unparalleled in the annals of the 
trade of Norway, but is likely to be repeated, as the pro- 
vince of Hedemarken, which is now brought into connec- 
tion with the capital and sea-coast, is pre-eminently suited 
for the growth of that cereal. The total amount of cereals 
imported in 1851 was 631,390 imperial quarters; in 
1852, 602,110 do. ; in 1853, 567,192 do.; in 1854, 425,975 
do.; and in 1855, 492,591 do. 

Mr Crowe further remarks that there has been a general 
increased importation of many articles, attributable to thepro- 
sperity of the country and the reduction of duties on a variety 
of articles entering largely into their domestic economy. 

The deals of Christiania have always been held in the 
highest estimation; a consequence of the excellence 
of the timber, and of the care with which the sap-wood 
and other defective parts are cut away. Like many other 
branches of the trade of Norway, that of preparing wood 
was formerly lettered by pernicious restrictions ; the saw- 
mills being licensed to cut a certain quantity only, and the 
proprietors bound to make oath that it was not exceeded. 
But this absurd regulation no longer exists. 

Tlie following is a return of timber and deals of every 
description, exclusive of deal-ends for splitwood under 20 
inches long, lath wood, &c., exported from Norway in the 
years specified, viz. : — 

Loads. Loads. 

1851 ... 632,727 of which there v^erc sent to Great Britain 165,024 

1852 ... 701,402 „ „ „ „ 182,879 

1853 . . 775,845 „ „ „ „ 246,646 

1854 ... 743,468 „ „ ,, „ 236,247 

1855 ...737,557 „ „ „ „ 217,915 


The amount of wood under 20 inches, called splitwood, 
exported to Great Britain in 1855 was 40,980 loads. 

British nianufactured goods are admitted into Norway on 
moderate duties, and are very generally made use of. 

The weights and measures of Norway are the same as Weights 
those of Denmark. With regard to money, the principal 
silver coin in circulation (for there are none of gold) 
called a species dollar, which is divided into one hundred 
and twenty skillings. There are also half species, one-filth 
species, one -tenth species, one-twentieth, and what is deno- 
minated sliillemynt^ or small change — that is, four and two 
skilling pieces of silver, and also one-half, one, and two 
skilling pieces of copper. The dollar is worth four shil- 
lings and fourpence three farthings sterling at the present 
rate of exchange. There are, besides, notes of one doll^, 
half a dollar, and twenty -four skillings, all printed on white 
paper. The notes of five dollars’ value are on blue paper, 
those of ten dollars on yellow paper, those of fifty on green 
paper, and those of one hundred on red paper. 

The Norwegian finances are in a flourishing condition, Revenue, 
the revenue having latterly increased considerably. Ibe 
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Norway. Bank of Norway, which was founded in 1816, has its 
head-office in Trondlijem, with branches in the prin- 
cipal towns, and is under the direction of five stock- 
holders, with a council of fifteen representatives of the other 
proprietors. The transactions of this bank are conducted 
upon a principle totally opposite to that of the Scotch and 
other banking establishments. It is there considered as a 
first principle that the bank should hold only available 
securities, as bills or bonds at a short date, or payable at a 
short notice, for its issues or advances. The national bank 
of Norway is therefore a bank for landed property, and 
discounts mercantile bills and personal securities only as a 
secondary branch. Its chief business is advancing its own 
notes, upon first securities over land, any sum not exceed- 
ing two-thirds of the value of the property, according to a 
general valuation mad^in the year 1812. The borrower 
pays four per cent, for what he draws, and is bound to pay 
also five per cent, of the principal yearly. This kind of 
bank is exceedingly well adapted for the wants of the 
country ; and their paper can scarcely be considered as less 
secure than their silver. 

Army, 'pjjg Norwegian army consists of some 24,000 troops of 
all arms. Two companies belonging to each regiment in 
the Norwegian service are trained to the use of the skidor 
or skate. This corps, called the skielobere, move with sin- 
gular agility and speed, and, whilst skating along with the 
greatest velocity, perform their military evolutions with 
uncommon precision. The army is at the disposal of the 
king, as far as its services can be rendered available in 
Scandinavia ; it cannot, however, be sent beyond the limits 
of the peninsula without the special permission of the Stor- 
thing. The king has the nomination of the superior officers 
of the army, as well as of some few of the first civil officers 
under the government ; that of others rests with the Stor- 
thing. Norway is governed by a viceroy, appointed by the 
King of Sweden ; Christiania, the capital of the country, 
being the seat of government. She contributes nothing 
towards the expense of the Swedish government, beyond 
a trifling annual allowance to the royal family; but she 
supports all her own civil and military institutions. 

Navy. The Norwegian navy consists of 3 frigates, 6 corvettes, 

4 brigs, and 124 gun-boats. They have also 13 steam- 
vessels of war, of, in all, 1490 horse-power, the largest being 
of 200 horse-power. Nine of these are employed in the 
royal mail service, under the command of naval officers. 
During the summer months three ships are usually commis- 
sioned for a summer’s cruise with cadets. 

The officers of the Norwegian navy consist of a rear- 
admiral and 6 commodores, 12 captains, 12 lieutenant- 
captains, 24 first lieutenants, 35 second lieutenants, and 64 
petty officers; besides 100 cadets, and 120 artillery cadets. In 
case of war, every male is bound to serve a certain period 
either in the army or navy ; and there are about 50,000 
seamen, whose names are on the registers, liable to serve. 

There is a great difference in the pay of the navy and 
merchant service, the latter being more than double ; but, 
as in our own case, the seamen are far better fed and pro- 
vided for in the naval service. The merchant seamen are 
generally engaged either in the transatlantic or North Sea 
and Mediterranean timber trade, or in the fisheries. They 
are described as amongst the hardiest and best race of 
seamen in the world, and accustomed to live on coarse fare, 
and put up with many hardships to gain their livelihood. 

The mercantile marine of Norway has greatly increased 
within the last few years, as appears by the following 
return : — 



No. of Vessels. 

Tonnage. 

Crews. 

1861 


.... 412,437 

24,057 

1852 

4742 

.... 427,234 

25,388 

1853 

4893 

.... 454,856 

26,645 

1854 

6129 

.... 601,860 

28,063 

1855 

VOL. XVI. 

5241 

.... 538,964 

28,638 
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Vessels of all nations now trade with Norway, and her Norway, 
ships are to be met with in every foreign port. Mr Crowe, 
the intelligent consul-general at Christiania, remarks that 
“ a few years ago, the Norwegian flag was scarcely ever 
seen beyond the confines of Europe ; now it waves in every 
part of the globe.” 

Some very interesting and elaborate statistical tables 
connected with the population and productions of Norway, 
compiled from government sources, was published in Chris- 
tiania in 1857. From these it would appear that the follow- 
ing is the total amount of the population in 1855, viz. : — 


Province of Christiania 643,135 

,, Ohristiansand 244,413 

„ Bergen 242,914 

„ Trondhjem 227,343 

„ Tromsoe 132,242 


Total 1,490,047 


The following is the amount of the population at various 
former periods:— 1769, 723,141; 1801,883,038; 1815, 

885,431 ; 1825, 1,056,318 ; 1835, 1,194,827 ; 1845, 
1,328,471 ; and 1855, 1,490,047. 

The increase of population has chiefly taken place amongst 
the agricultural classes ; and the additional food raised for 
tlieir support, together with the advance of the people, is to 
be attributed partly to additional tracts of land having been 
taken in, and partly to improved methods of cultivating the 
old soil. 

The kingdom of Norway is divided into five sees or stiffs, Political 
each of which is divided into a certain number of districts, divisions, 
corresponding to its size and importance, and these again 
into parishes, of which there are 336 in the country. The 
dioceses are — Christiania, containing Christiania, the capital; 
Christiansand, the largest town in which bears the same 
name ; Bergen, containing the large and important city of 
the same name ; Trondhjem, which contains the city of 
Trondhjem, situated on the south shore of a great fiord of 
the same name ; and Tromsoe, comprising the northern 
territories of Nordland and Finmark. The stiffs are thus 
distributed : — Christiansand occupies the southern extremity 
of the country ; Bergen and Christiania occupy, the former 
the western, and the latter the eastern side of Norway, 
where it is widest, extending over its whole breadtii in 
that quarter, and being separated by the great moun- 
tain chain; still further north lies Trondhjem, which 
is succeeded by Tromsoe, the most northerly region of 
Norway, and of which the reader will find some account 
in the article Lapland. Each district, called a fogderie or 
bailiwick, is under a foged, who has charge of the collection 
of taxes, police, and all executive functions in his district. 

Besides this public functionary, there are military officers, 
who have official residences in the district ; and the'amtman, 
and sorenskriver or judge ordinary. Christiania, Bergen, 
Trondhjem, and the other large towns in Norway, will be 
found described under their own respective heads. 

The Norwegians enjoy more political liberty than any political 
other European nation. The parliament, called the Stor- constitu- 
thing, is chosen by the owners or life-renters of the land tion, 
who have attained the age of twenty-five years complete. 

The minimum value which gives a vote is 150 dollars, or 
L.33 ; a value which, from tlie large diffusion of property, 
renders the suffrage nearly universal. To render the elec- 
tor himself eligible as a representative, it is only necessary 
that he should be thirty years of age, have resided ten 
years in Norway, and be altogether unconnected with the 
state. The voters choose electing men, 1 to every 50 
voters in towns, and 1 to every 100 voters in counties. 

The electing men, on a day fixed by law, choose their 
representatives, and the body thus elected forms the 
Storthing. The proportions of members chosen is founded 
on the principle that the towns in Norway should as nearly 
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as possible return one-tbird, and tbe country two-thirds of 
the whole body, which must not consist ot less than 75, nor 
of more than 100 members. Each district elects as many 
substitutes as it elects representatives, to provide against 
death and other casualties. The Storthing is chosen every 
three years, and is assembled only once in three years, when 
it sits for three months, or until the business be despatched. 
The 1st of February is the day of meeting fixed by law. 
An extraordinary Storthing may be convened by the king, 
but its acts must be confirmed by the next regular Stor- 
thing. After some preliminary business, such as electing a 
president, speaker, and secretary, the Storthing divides 
itself into two chambers. One-fburth of its whole number 
is formed into a second chamber, called a Lagthing, or di- 
vision, in wliich the deliberative functions of the legislative 
body are vested. No bill can be introduced there ; it must 
come from the other house, which is called the Odelsthing, 
or House of Commons. The Lagthing can only deliberate 
upon what is sent to it, and approve, reject, or send back 
the bill with proposed amendments. It is also the court be- 
fore which, aided by the Hoieste Ret Court, an independent 
branch of the state, the lower house may impeach ministers 
of state. The Storthing consists, in fact, of three houses 
— the Lagthing, the Odelsthing, and the entire Storthing. 
In this latter all motions are made and discussed ; and, if 
entertained, are referred to committees to report upon to 
the Storthing. The report, when received back from a 
committee, is debated and voted upon ; and, if approved, 
a bill in terms of the report is ordered to be brought into 
the Odelsthing. This house entertains or rejects the pro- 
posed bill, frames and discusses the enactments, if it is not 
rejected in toto^ and sends it up to the Lagthing or upper 
house, to be deliberated upon, approved, rejected, or 
amended. In regard to the passage of bills through these 
two houses, the practice of the Norwegian Parliament docs 
not differ materially from that of our own, except in the 
more limited functions of the Lagthing, the king having 
only a suspensive veto. But if a bill pass through three 
successive Storthings, it becomes the law of the land with- 
out the royal assent. This was exemplified in the case of 
the bill, already mentioned, for the abolition of hereditary 
nobility. The duties of the Storthing need not be minutely 
specified ; they may easily be inferred. The members are 
paid for their services ; and no executive officer of govern- 
ment can sit in either house. The clearest and most con- 
cise account of the constitution of Norway will be found 


and also of ascertaining the value of, and succession to, the 
property of deceased persons. The court next above is the 
stift-amt court, or that of the province, and is thus consti- 
tuted : It consists of three judges with assessors, is station- 
ary in the chief town of each province, and is the court of 
appeal from all the lower tribunals of the province, having 
at the same time the revision of their administration. It 
must likewise sanction their decision in criminal matters 
before sentence can be pronounced. There is, lastly, the 
Hoieste Ret Court of final appeal. It consists of seven 
judges, and, by the ground law, is one of the three estates 
of the constitution, being independent of the executive and 
legislative branches. To this court appeals are carried 
in the last resort, from the stift-amt courts, in criminal as 
well as civil cases. 

The Norwegian system of jurisprudence presents some 
remarkable features, not the least important of* which is, that 
the judge is responsible for his legal decision ; and in a case 
of appeal to a higher court, he must there defend his judg- 
ment, being liable in damages for a wrong decision. This 
principle involves a high responsibility, and must occasion 
some individual annoyance, as well as expense ; but it does 
not prevent able lawyers from becoming candidates for ju- 
dicial functions; and beyond all doubt it is of great advantage 
to the public in giving certainty to the law, and in prevent- 
ing as well as remedying erroneous decisions. The punish- 
ment of death was abolished by the Danish government 
about the latter end of the last century, a measure of question- 
able expediency in this country, at least where the second- 
ary punishments are by no means perfect. But the punish- 
ment which is found the most effective, and which forms 
one of the most distingxiishing characteristics of the country, 
is that of the “loss of honour.” From the earliest times 



this has been a specific punishment in the criminal law of 
Norway, standing next in degree to the loss of life. There 
is, and always has been, much more of the real business of 
the country in the hands of the people of Norway, and trans- 
acted by themselves, than is possessed by the inhabitants of 
any other European nation. Now, as the “ loss of honour” 
involves exclusion from all the functions which naturally 
devolve upon them, the punishment is very severely felt, 
and looked upon, even by the humblest peasant, with the 
greatest dread. 

The Norwegian Church is in principle and doctrine Lu- Church, 
theran, and remains as it was originally moulded after the 
subversion of the ancient faith, unaltered by the spirit of 


in Mr Forester's Rambles in Norway^ published in 1850, innovation, and unviolatcd by the hand of power. It is es- 
and in Mr Brace's published in 1857. sentially ceremonial, and has been considered by some 

For legal purposes, the whole country is divided into five almost as much so as the Roman Catholic. Mr Forester, 
stifts or provinces, and these are farther subdivided into 17 however, justly observes, that such persons look only at the 
amts and 64 judicial districts, each of which last comprehends surface of things. “ They have been startled,” he says, “ by 
several prestigilds or parishes. To each of these divisions the array of images on the altar, the dis^fiay of rich vest- 
there is a distinct tribunal, with a supreme court of ultimate ments in the celebration of the eucharist, and the use of 
appeal for the whole kingdom, established at Christiania, the unleavened wafer, together with a high degree of re- 
The lowest court, which is strictly one of equity, not of law, vcrence, accompanying the administration of that sacrament ; 
is the court of mutual reconcilement or agreement held in and from these appearances have been led to conclusions 
every parish, and over which presides a commissioner, who which are by no means justified.” “ It would be more cor- 
is elected every three years by the householders, and holds rcct to say that the public worship of the Lutheran Church 
his court once a month, receiving a small fee. Every case essentially differs from the Roman Catholic, and has a close 
or lawsuit whatsoever must pass through this preliminary affinity to that of the Church of England. It is, indeed, 

court, where no lawyer or attorney is permitted to practise, ceremonial and liturgical But there is nothing 

Each party states his own case ; and if by the judgment or superstitious in her ceremonial; and her ritual, like our own, 
advice of the commissioner the parties are brought to agree, contains nothing that is contrary to the Word of God.” 
his opinion is duly registered in another court held in the The altar of the Norwegian Church is decorated with 
parish, and it has all the validity of a final decision. If, crosses and images, and the priest, arrayed in embroidered 
however, the litigants are not satisfied, they carry their case robes of velvet, celebrates high mass under that name, 
to the lov<^est legal court, that of the sorenskriver, or sworn There are in Norway 336 prestigilds or parishes, and many 
writer, which is held in every parish of each district once of these are exceedingly large, extending in some parts from 
in every quarter. The sorenskriveris court is of great im- the sea-coast to the Swedish frontier, and containing from 
portance. Besides judging civil and criminal matters, it is 5000 to 10,000 inhabitants. This is certainly a low provi- 
the court of registration affecting property in the district, siop for religious instruction ; but the people, generally 
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ISTorway. speaking, are scattered all over the country, not clustered 
in towns and villages ; and although individually they are 
not affluent, they are at least respectable, notwithstanding 
■that as a whole they are poor. Under such circunostances pa- 
rishes must necessarily be large. There are five bishoprics 
in Norway, each of which has in it a number of inferior 
clergy. The patronage is in the hands of the five bishops 
and the council of state, a committee of which has charge of 
all the affairs of the church. The incomes of the clergy are 
derived from tithes, commuted into a payment of grain, glebe 
farms (one of which the widow has for her life), offerings, and 
dues. These incomes in country parishes vary from L.loO 
to L.350 ; but in large towns or thickly-settled parishes 
they are higher. The bishops have about L.800 to L.900 
each. In proportion to the other professional classes 
in the country, the clergy are well paid, and the church has 
always been the first profession to which talent is naturally 
directed. The clergy are laborious and zealous in the dis- 
charge of their duty, the church service forming the smallest 
part of it. They have school examinations, Sunday schools, 
and other institutions for the promulgation of Christian 
knowledge. It is a peculiar characteristic of the Norwegian 
Church that there is no dissent from it ; there are no secta- 
rians in the country. In political rights and privileges the 
clergy are on a footing with the rest of the inhabitants, 
and are represented in the Storthing like other citizens. 
One chief cause of the influence of the ministers of religion, 
and the absence of dissent, is the high consideration in which 
the right of confirmation is held. The person who has 
passed this ordeal is regarded as having received a moral as 
well as a religious diploma, which capacitates him for an 
office of trust and responsibility. 

Education. There are few countries, perhaps, where education has 
of late years been more attended to than in Norway# In 
all the large towns there are public schools, and academies 
and schools for mechanics and artizans. The latter are 
called drawing-schools, of which there are eight, where 
mechanics are instructed in modelling, drawing, mathema- 
tics, &c. In the diocese of Christiania alone, Mr Brace 
tells us, that there are no less than 197 stationary schools, 
besides a high school. In many of the towns there are 
charity schools, where the children of the poor remain 
during the day, while their parents are at work. These are 
supported by public and private contributions. Education 
is very generally diffused ; but great difficulties exist, owing 
to the population, though not numerous, being so scattered. 
In the country parishes there are parochial schoolmasters, of 
whom some have fixed residences, and others live for one-half 
of the year in one place, and for the other half in another. A 
small tax is levied from each householder, and every adult 
pays a small personal fee. There is a considerable de- 
gree of intelligence evinced in some of these communi- 
ties; but the schools are too widely scattered over a 
thinly-peopled country to be equally beneficial to all. It 
may be mentioned, that the clergy pay particular attention 
to the diffusion of education. The higher department of 
university education at Christiania is expensive ; and, be- 
sides, there is not such a demand for educated men in 
the medical, legal, and commercial professions, as in more 
densely peopled and commercial countries, the tendency of 
which undoubtedly is to raise the standard of intellectual 
proficiency amongst all classes of the community. Those 
belonging to the learned professions are not numerous, be- 
cause the demand is not great, and the supply is adjusted 
accordingly. The restrictions on the free exercise of trade 
and industry also operate with great force in depressing gene- 
ral education. Before a person can enter upon any medical 
or legal employment, before he can manufacture, buy, or sell 
as a merchant, he must obtain peculiar privileges firom a cor- 
porate body. As the expense of preparation,” says Mr Laing, 

and the small number of prizes to be obtained, place the. 
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higher and learned professions out of the reach of the main Korway. 
body of the people, as objects of rational ambition, for which 
they might endeavour to bestow superior education upon 
their children ; so the restrictions and monopoly system shut ^ 

them out from various paths and employments for which in- 
genuity, with ordinary useful education, might qualify 
them.” 

From the general diffusion of periodical publications, the 
Norwegians are a reading people. What is of great import- 
ance to die community is, that the press is by law perfectly 
free. There is no duty on newspapers. Every little town 
has its local newspaper ; and from the importance attached 
to local subjects there discussed, the bulk of the community 
are the purchasers, not the educated few. In type and 
paper they are superior to the French or German papers, 
and much ability is shown in conducting them. There is no 
scurrility nor personal abuse displayed by those who write 
in them ; yet the most entire freedom of discussion exists, 
public men and public measures being handled freely but 
decorously, and with a strict eye to the general good. Se- 
veral monthly journals are devoted to literature, antiquarian, 
agricultural, and military subjects ; and in almost every news- 
paper there is the announcement of some new work or trans- 
lation. Yet the literature which ought strictly to be con- 
sidered as Norwegian is not yet of a very high order, 
compared with that of other countries. But the mind of the 
country is advancing, and literature, which is young in Nor- 
way, will advance along with it. 

The inhabitants of Norway are very polite in their man- Manners 
ners, as well to each other as to strangers. There is a na- and cus- 
tural honhommie among the peasantry which is very agree- 
able to meet with; shaking your hand for the smSlest 
benefit conferred upon them, even for the payment of what 
is their due. They are partial to theatrical representa- 
tions, so that the drama holds a high place in their estima- 
tion ; and, besides the public theatres, there are societies of 
amateur performers in all the larger towns, and even in some 
of the villages. In music, dancing, and dress, the Norwe- 
gian females are by no means deficient. They have 
pleasing voices, and in every family of every station singing 
and dancing are constantly practised in tlie long winter 
evenings. Music is taught in the country by the organist 
attached to each parish. In the winter regular fairs are 
held, at which Swedes and Laplanders attend for disposing 
of goods. Mr Bayard Taylor tells us, in his Northern Tra- 
vels, that at Raubyen, which is a large village, with a stately 
church, the people were putting up booths for a fair in Lat. 

65. N. in the open air, with the mercury freezing. Christ- 
mas is kept in great style, and there are other festivals and 
various amusements which serve to relieve the tedium of 
winter and spring. The l7th of May, also, being the anni- 
versary of their independence, is celebrated both at home 
and abroad by every Norwegian, and with marked propriety, 

Mr Laing gives a favourable account of the state of morals 
in Norway ; but, without impugning so high an authority, 
if we are to take bastardy as a test, the statement is not 
borne out by the facts. The proportion of illegitimate to 
legitimate children is as 1 to 10 ; but the evils entailed upon 
society by illegitimacy are partially alleviated by the state of 
the law in respect to this. Children are not only rendered 
legitimate by the subsequent marriage of the parents, as in 
Scotland, but the father, previously to his contracting a mar- 
riage with another party, may, by a particular act, legitimize 
them. The Norwegians are, at all events, a very hospitable, 
honest, industrious, peaceable people, and the great mass 
virtuous in the opinion of all travellers. 

Norway is not deficient in her charitable institutions. Mr ChantaWe 
Brace, in his work entitled The Norse-Folk, or a Visit to the 
Homes of Norway and Sweden, considers Bergen as the 
most conspicuous town for its institutions of charity. He 
states, that with a population of 28,000, it appropriates 
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Norway. L.6500 per annum to the poor and sick, besides the sums 
for public institutions. There are the Old Sailors’ Asylum, 
120 inmates ; the Widows’, 31 inmates ; the Old Warders’, 
30 ; the Old Citizens’, 60 ; Leprous Hospital, 600 ; Hos- 
pital, 120 ; Insane Asylum, 50_ inmates. The mode of dis- 
posing of the vagrant and criminal children is similar, says 
'Mr Brace, to that adopted by private organization in his 
own country (America),— ‘‘the sending them to individual 
homes in the country, where responsible parties are bound 
to support and educate them. There seems to be a very 
regular and exact visiting of the poor by public inspectors, 
who are bound to serve without pay for four years. These 
report if the children do not attend school, or are vagrant, 
or falling into criminal habits ; they also dispense assistance, 
and give permits for the different asylums and institutions.” 
At Christiania there is an institution for vagrant and 
houseless girls, the Eugenia Stift, wdiich, the same author 
tells us, seems excellently managed ; and a new insane 
asylum, “ a large building arranged on the best modern 
principles. There is no wall about the asylum, and the view 
is exquisite, enough in itself to be a cure for the diseased 
mind” 

The government of Norway, aware of the value and im- 
portance of steam navigation, has made great and judicious 
exertions to promote it. This is a country where it is cal- 
culated to produce its greatest benefits, from the manner in 
which the peninsula is traversed by long arms of the sea, 
penetrating sometimes to its very centre. Steam-vessels 
are now seen plying on these fiords, and during the summer 
months they navigate the whole coast from Christiania to 
the North Cape. They are commanded by naval officers ; 
the fares are moderate ; and in all that regards the comfort 
of' passengers they rival our own. Roads and bridges are 
kept in a state of excellent order ; a circumstance likely to 
happen in a country of proprietors, whose common interest 
it is to keep them in repair. There are no tolls in Norway ; 
the principle of* the farmers and others is to work in concert, 
and to keep u[) estal)lishments for the common benefit. A 
railway, the only one in Norway, not long since opened, 
runs from Christiania to Eidsvold, and will he continued to 
Mindc, at the foot of the Miosen Lake, a distance of 50 or 
60 miles. A steamboat thence plies to Lillchammer, at the 
head of the lake, a further distance of about 70 miles, thus 
opening a direct communication to the sea with one of the 
most productive parts of the interior. The easiest ap- 
proach from England to Norway is from Hull, whence 
there is a weekly steam communication with Christian- 
sand (luring the summer months ; but to those not fond 
of the sea, the best route is by Calais, and, taking the rail 
through Hanover, Hamburg, and Kiel, proceed by steam- 
boat to Korsos, and again by rail through Zealand to Co- 
penhagen, whence there are steamers through the Cattegat 
to Gottenburg and Christiania. Many of our countrymen 
now visit this delightful country. 


The worst feature, perhaps the only ihoroughly bad one 
in the institutions of Norway, is, that the tra(le is not free 
Each trade is monopolized by a sort of guild or fraternity, 
by which even country dealers are licensed. The perni- 
cious effects of such a system are sufficiently manifest, 
and we shall close our account of this interesting country 
with the following observations, extracted from a work of 
great authority on such subjects : — 

“ The principle of equal partition of land among all the 
children, retained in Norway from the earliest period, pre- 
vailed also in England before the Conquest. A relic of it 
remains in the law of gavelkind, still existing in Kent. 
The different effects produced on society by the retention 
of that law in the one country, and its general disuse in 
the other, are remarkable. In Norway, chiefly by its ope- 
ration, a high standard of sufficiency has been preserved 
among the middle and labouring classes. Population has 
been prevented from increasing too rapidly by the fear 
which people have of falling below the general standard. 
There has, therefore, been a continual prevalence and dif- 
fusion of ease and wellbeing. But on account of the ab- 
sence of great inequalities of condition, and therefore of 
many of the usual stimulants to exertion, society has been 
kept at a low level. Great social freedom has indeed al- 
ways existed, in consequence of the land being in the 
hands of the mass of the people ; but there has been a 
w'ant of ability, until a very recent period, to combine for 
the preservation of their political independence. During 
their earlier history, their political liberties were often 
variable and uncertain. After the union of their crown 
with that of Denmark in 1380, it appears that the Danish 
nobility gradually encroached upon their privileges ; for 
when, in 1660, the crown and the people combined against 
the nobility, and abolished the states in Denmark, a simi- 
lar revolution also took place in Norway ; and that country 
continued under absolute government until the establish- 
ment of its constitution in 1814. Their udal laws trained 
them in the management of their own affairs, and produced 
that feeling of self-respect which the possession of property, 
and of land in particular, is calculated to give. These, to- 
gether with the civil institutions ])rescrved or introduced 
whilst they were under the Danish crown, prepared 
them for the large measure of freedom to which they have 
now attained. The evil of their udal system is its tendency 
to obstruct the development of intellect, and to keep society 
stationary. But since 1814 they have nude great progress. 
Stimulants to mental activity are now no longer wanting. 
Their continual collision with Sweden, the problem of their 
internal restrictions on trade and commerce, the routine of 
their government, and the wholesome struggles always aris- 
ing in a free state, will supply them. Their land will become 
more productive, by the application of science to its cultiva- 
tion ; their trade will also be expanded.” {Edinb. Review^ 
No. cxxxi., p. 60.) (j. F. s.) (j— N B — yr.) 
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NORWICH, a city of England, and the capital of the 
county of Norfolk, stands in 52. 42. N. Lat., and 1. 20. E. 
Long., 108 miles from London. 

Modern archoDologists agree in regarding Norwich as the Venta 
lunoTum of the Romans, called Caer Guntum hy the British, and 
afterwards ^orth-ivic (north town) hy the Angles, the tribe which 
peopled J^orth/olk and Soutkfolk. As the capital of the Iceni, it 
was without doubt an important place long prior to the advent of 
any of these foreign conquerors, the castle being the royal residence 
of British kings, and most probably of Boadicea, At a later date 
it became the metropolis of East Anglia, and we have records of 
the residence of Uffa, Anna, and other royal personages, at the 
castle. The original structure, however, fell a sacrifice to the Danes, 
who completely overran this district, under Sweyn. It was rebuilt by 
Canute; and again suffering injury, was so entirely renovated, if 
not wholly rebuilt, at the time of Norman Conquest, as to pre- 


sent no vestiges of any other architectural features than were com- 
mon to all the Norman edifices. The earthworks of the castle-hill, 
however, bear traces of early British construction; and utensils that 
have been dug up bear testimony to the presence of the Romans at 
some period. The military fortification at Caistor, about three 
miles distant from the castle, which, until recently, was considered 
the Venta Icenorum, is now pronounced to have been the Roman 
camp, placed there, as it were, to guard the British settlement at 
Norwich. In 1049 Norwich was created an earldom by Edward 
the Confessor, In Domesday Book the city or borough is stated as 
having 1320 burgesses with their families, 25 parochial churches, 
and between 800 and 900 acres of land. In the reign of William 
Rufus, the episcopal see was removed thither from Thetford by 
Bishop Herbert, who in 1096 laid the first stone of Norwich ca- 
thedral. Henry I. granted the city a charter containing the 
same franchise as the city of London then enjoyed, and the govern- 
ment of the city was then separated from that of the castle, the 
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Horwich. chief officer being styled Prmpositus^ or Provost. Prom the time of 
Henry I. to Edward IIL, the liberties of the city were often sus- 
pended, and gradually enlarged. A colony of Flemish weavers, 
who had settled at Worstead in the reign of Henry I., first intro- 
duced the woollen manufactures; a second colony settled in Nor- 
wich in the reign of Edward IIL, and the city was made a staple 
town for the counties of Norfolk and Suffolk. These causes, com- 
bined wdth the sumptuary laws of Edward III., greatly promoted 
its commercial prosperity. Grand tournaments were held, at which 
at various times the kings Henry III., Edward L, and Edward HI. 
and his queen Phillippa, were present. Edward the Black Prince 
was also present at a tournament in 1350. The castle, which had 
been used as a place of confinement for prisoners under the earls, 
was, in the fourteenth year of the reign of Edward HI., given over 
entirely to the sheriff of the county, and from that time was used 
wholly as a county jail. In 1403 the city was separated entirely 
from the county of Norfolk, under the name of the county and city 
of Norwich ; and the first mayor was elected hy the citizens. In 
1422 the doctrines of the Reformation made their appearance in 
Norwich ; and several persons were executed as Wickliffites or Lol- 
lards. A large chalk-pit on the outskirts of the city is to this day 
known as “ Lollards’ Pit,’’ from having been the scene of these per- 
secutions, which continued at intervals until the reign of Edward 
VI- Among the list of martyrs is the name of Thomas Bilney, 
who was burned in 1531. In 1549 the city was the scene of an 
insurrection resembling that of the Jacquerie in Prance and the 
Peasants’ War in Germany. The facts of this local rebellion were 
simple enough. The poor objected to the inclosure of certain com- 
mons and waste lands in the neighbourhood of Attleborough and 
Wymondham; fences were thrown down; Robert Kett alias Knight, 
a tanner, a hold and resolute man, headed the rebels, aided by his 
brother William, a butcher. Their numbers increased, and, march- 
ing towards Norwich, they encamped on Household Heath, took 
possession of the mansion of the Earl of Surrey, and thence pro- 
ceeded to lay siege to the city. They held courts of justice under 
a large tree, called the “ Oak of Reformation and having aug- 
mented their numbers from the citizens to 16,000, and strongly 
fortified their camp, they summoned the city to surrender. For 
months they maintained hostilities, and the country round was pil- 
laged and laid waste, until at length they gained an entrance to the 
city, and bore off the mayor and several of the corporation prisoners 
to their camp. A strong force was sent down for the defence of the 
city, under the Marquis of Northampton. A regular engagement 
was fought at the base of the hill, on St Martin’s Palace plain, in 
which Lord Sheffield, a nobleman engaged in the strife, was slain. 
The rebels prevailed, and forced the marquis to retire, and on his 
retreat, plundered and set fire to the city in many parts. The Earl 
of Warwick, assisted hy his son Robert Dudley, Earl of Leicester, 
was then sent to the relief of the citizens. The city was again 
stormed hy the king’s troops, and the rebels forced to retreat, after 
two days’ sharp conflict, during which upwards of 3000 were killed. 
The insurgents were subdued. About 300 of the ringleaders were 
executed, and the two Ketts were sent to the Tower of London, and 
being both convicted of high treason, Robert was executed on the 
top of Norwich Castle, and William on Wymondham steeple. 

Norwich, in common with all Norfolk and Suffolk, took up the 
cause of the Reformation with a vehemence which causes them to 
stand alone in the annals of history, and has ever preserved the 
same spirit of progress and independence amongst the masses, 
amounting to democratic tendencies and tastes. In Elizabeth’s 
reign the burnings of the Roman Catholics rivalled the flames 
which had been fed by Protestants in former reigns, and martyr- 
doms for heresy of doctrine, even among Protestants themselves, 
were far from being uncommon. In 1578 the queen visited the 
city in person, and very grand doiugs celebrated the event. During 
the Commonwealth the city was put in defence against the royal 
cause, the castle was fortified for the service of Cromwell, the goods 
of the bishops and clergy sequestered, the bishop’s palace sacked, 
the cathedral and churches plundered and defaced, and Bishop Hall 
turned out and driven into retirement. In 1645 the city was 
divided into presbyteries, and the observance of Christmas-day 
abolished by command. At the Restoration the city was amongst 
the earliest to do homage to King Charles. In June 1660 the fee- 
farm of the city was resigned to him, with a present of L.IOOO in 
gold ; and in 1663 the charter of the city was renewed and enlarged. 
In 1671 the king visited the city, and was entertained most hos- 
pitably. In 1701 the art of printing, wdiich had been discontinued 
for many years, was revived, and newspapers began to be printed. 
Few other events of historical interest have distinguished the city, 
apart from its progress in manufactures. 

Mauufac- L* has been already stated that woollen manufactures were com- 
tures, menced in the city by a colony of Dutch weavers in the reign of 
Edward III. In the reign of Richard II. they declined; discontent 
reigned throughout the kingdom ; and Norwich shared the general 


lot of devastation and plunder at the hands of armed hands, 80,000 Norwich, 
in number, under Litester, a dyer. In Elizabeth’s reign trade v 
revived, through the invitation given to the Dutch and Walloons, ^ 
then fleeing from the persecutions of the Duke of Alva, Thirty of 
th^'se were invited to Norwich, all of them experienced workmen, 
each to bring with him ten servants, to be maintained at the ex- 
pense of the Duke of Norfolk. These multiplied, until their num- 
hers exceeded 5000- Soon after the settlement of these strangers 
new articles of manufacture were introduced, and the admixture of 
mohair and silk with the wool produced a total change in the quality 
of the goods. The camlets made to order for the East India Com- 
pany were annually from 12,000 to 20,000 pieces, until 1833, when 
the order was transferred to Yorkshire for a cheaper but inferior 
article. In 1784 tbe manufacture of cotton was introduced into 
the city ; but the invention of the spinning-jenny, and the facilities 
possessed by the north, with its coal and iron, for the development 
of that great power, proved fatal to the progress of cotton manu- 
factures in Norwich. In 1819 a new silk and worsted fabric, called 
“Norwich crape,” was invented, and became so fashionable, that dur- 
ing the Walpole administration (1821) court mourning was ordered 
entirely to consist of it. Subsequently the chalis superseded this 
fabric ; it was woven in Norwich, but printed in London. The 
most flourishing period of Norwich manufactures was during the 
middle of the last century, when fabrics of almost every kind were 
made. The camlet trade of late has greatly revived, and large 
quantities are now made for exportation. Fancy goods are also 
made to a great extent for the American and Australian markets 
in great variety. Poplins; plain, watered, and figured chalis; 
cashmeres, tamataves, gauzes, crapes, silks, satins, satinettes, lustres, 
mousseline de laines, velvets, &c., are all now produced in abundance 
by the Norwich weavers. The numbers engaged in woollen ma- 
nufactures at the last census were 973 ; in silk and woollen goods, 

3996 ; flax and hemp, 304 ; cotton, 178. There are also extensive 
establishments for dyeing and finishing the goods manufactured. 

During the past ten years the manufacture of shoes has been very 
largely carried on. At this time the number of persons employed 
in the work amounts to 2722 men and 1241 women, besides those 
wives of shoemakers who frequently earn a good addition to their 
income by binding. There are 114 curriers, 26 fellmongers, and 
30 tanners in the city. Very large manufactures of oil-cake, 
starch, and mustard have sprung up of late. The premises of one 
new establishment of the kind covers three acres of ground. 

Brushes are now being extensively made in the city ; and tobacco 
is manufactured in large quantities for London and other markets. 

The city of Norwich is built partly upon a plain on the Principal 
banks of the River Wensum, a tributary of the Yare, na- features, 
vigable for barges, and partly on the gentle acclivity of a 
hill. The ancient boundary walls, of which few fragments 
remain, inclosed a space of a mile and a half from N. to 
S., and a mile and a quarter from E, to W. The modern 
suburbs have, however, long outgrown these limits. Its 
chief characteristics are its castle, crowning the summit of 
a curious sugar-loaf hill, of remote but doubtful origin, in 
the central part of the city ; its noble cathedral ; its mul- 
titude of churches, nearly all built of flint, some very old, 
but chiefly of the perpendicular period ; its quaint guild- 
hall, a rare specimen of flint studwork ; its spacious mar- 
ket-place, and badly-paved, narrow, winding streets, branch- 
ing off from open spaces or plains of frequent occurrence. 

The unusually large proportion of ground occupied by 
gardens has obtained for it from very ancient times the 
title of “ The City in an Orchard ” The castle, as before 
stated, is of Norman architecture, occupying the site of an 
ancient British fortress. The walls of the keep exist entire, 
but the exterior has been so completely renovated as to 
present quite a modern appearance. The interior, how- 
ever, preserves its genuine features of antiquity. The space 
around on the summit of the hill has been inclosed, and 
very commodious arrangements been made for the accom- 
modation of prisoners, the whole building having been ap- 
propriated as a county jail since the reign of Henry III. 

The castle-hill or meadow beyond the ditch which sur- 
rounds the sugar-loaf hill, occupies a large area, and is used 
as a cattle and sheep market. The fairs are also held there. 

The cathedral is one of the finest specimens of Norman Public 
architecture existing in the country. The tower is un- buildings, 
rivalled for the beauty of its details and proportions. It is ' 
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Hopwicfa. fiot well situated, ' being closely surrounded by buildings 
and walled-in gardens, among which may be traced vestiges 
of the old monastic edifice of which the cathedral formed a 
part. The transepts and west fronts have been restored, 
but not thereby improved in beauty. Ihe chief entrance 
on the west is a deep and vaulted portal of pointed archi- 
tecture, above which is a noble well-proportioned window, 
recently filled in with stained glass, the design of which is 
totally out of character with the tracery of the window 
itself. The nave within is grand and imposing, divided in 
length by fourteen semicircular arches of great solidity and 
depth, supported by massive piers, excepting in two in- 
stances, where tlie piers are replaced by cylindrical columns 
ornamented with spiral mouldings. The triforium is com- 
posed of similar arches. The side aisles below are low, 
and the vaultings plain. The nave and aisles are 72 feet 
in width, and 204 feet in length. The roof is elaborately 
decorated with sculptured bosses. Two of the arches of 
the south aisle of the nave are perpendicular, the vaulting 
being of the latest florid style, strangely out of harmony 
with the simplicity of the Norman style which prevails 
around. This formed the chapel of Bishop Nix, the last 
Roman Catliolic bishop of the diocese, famous ibr his per- 
secutions of the Protestants in the reign of Mary. The 
choir, which is 183 feet in length, extends westward con- 
siderably beyond the tower, is of unusual length, and im- 
posing in its effect. On each side of the entrance are the 
stalls of the dean, archdeacon, and prebendaries, all beau- 
tifully carved. The transepts have been thrown open to 
the choir, much increasing the accommodation for sittings, 
and improving the general effect. The chancel terminates 
with an apsis, in recesses of which formerly were the stalls 
of the bishop and clergy. The decorating of both nave and 
choir is peculiarly beautiful ; the lantern of the tower, which 
rises upon four semicircular arches, supported by four mas- 
sive piers, is handsome, but disfigured by painted medallions 
on the ceiling. A curious speculatory or oriel, for watching 
the altar at Easter, remains in the nortli wall of the chancel. 
There are only two tombs with statues in the cathedral, — 
one to Bishop Gold well, a curious specimen of the style of 
monumental sculpture in the fifteenth century; another, 
modern, to the memory of Bishop Bathurst, by Chantrey. 
Mural monuments are plentiful. Sir William Boleyn, 
great-grand lather of Queen Elizabeth, is buried on the 
south side of the choir ; tlie founder, Bishop Herbert de 
Losinga, lies in the centre of the chancel. The cloisters 
are situated on the south of the nave, and form one of the 
largest quadrangles in England, being 174 feet in length on 
each side. They are in excellent preservation, and elabo- 
rately-sculptured bosses ornament the vaulted roofs. At 
the south-west corner are two lavatories. The cloisters 
were 133 years in progress of building. The church is 
dedicated to the Ploly Trinity. Several chapels still re- 
main about it; only one, however, is fitted up for use — St 
Luke’s, which is used as the parish church. The bishop’s 
palace is a low rambling structure of mixed dates, the most 
ancient portion being the cellars, which are groined and 
vaulted. Some ruins exist of an ancient refectory, now 
overgrown with ivy. The whole place was thoroughly de- 
secrated and spoiled at the period of the Commonwealth. 
Two of the gates of the Close are fine specimens of the 
architecture of the thirteenth and fourteenth centuries. 

The next public building of importance is St Andrew’s 
Hall, a fine old ecclesiastical structure, originally the nave 
of the church of the Black Friars’ monastery. At the 
Reforms^tion and suppression of the religious houses, the 
corporation of the city negotiated die transfer of this hand- 
some edifice to its possession for the sum of L.80. Since 
that time its nave has served die purposes of a spacious 
town-hall, and is used for every variety of civil and political 
meeting* roost especially for the triennial musical festivals 


for which Norwich is so justly celebrated. The chancel Norwicii 
has always been preserved for religious worship, having ^ 
been leased by the corporation to the Dutch congregation, 
who in their turn grant permission for its use to the chap- 
lain and poor of the workhouse, which stands on the site of 
other parts of the monastery, the cloisters being converted 
into kitchens, &c. The hall is of perpendicular architec- 
ture, and was built by the famous Sir Thomas Erpingham. 

The roof is open timber, and supported by two rows of 
slender and graceful pillars, which divide the nave and 
aisles. It is now adorned with portraits of civic dignitaries 
and other paintings, among which are two historical pieces 
by Martin, a native of the city, and a fine full-length por- 
trait of Lord Nelson. 

The guildhall, an ancient and curious specimen of flint- 
work, stands in the north-west corner of tlie Aiarket-place. 

The assizes for the city are held there, as well as all meet- 
ings of the magistrates and council. The council-chamber 
is a handsome room, fitted up with furniture of the period 
of Henry VI I L, and is an interesting specimen of a court 
oF justice of that period. A glass case incloses a naval 
trophy in honour of Lord Nelson, being the sword of the 
Spanish admiral, Xavier Winthuysen, presented by his 
lordship to the corporation. The original letter accom- 
jianying the sword is inclosed in the case. 

The market-place is an oblong of very irregular out- 
line. ' Many gable-ended roofs lingering above the modern 
shop-fronts, and quaint projecting storeys, give a pictur- 
esque and somewhat foreign character to the scene- The 
market is abundantly supplied with provisions of every 
kind. Poultry and sausages, the staple product of Norfolk 
and Norwich, of course abound ; and in summer the display 
of plants and flowers forms a very pretty addition to the 
view. 

Norwich has two large public libraries, in addition to the 
new free library opened in 1857, which already numbers 
some thousand volumes, and is much frequented by the 
class for whom it was designed. A good museum, contain- 
ing one of the finest collections of birds in the kingdom out of 
London, occupies the only remaining portion of the ancient 
palace of the dukes of Norfolk in the city. The museum 
contains the valuable herbarium of Sir J. E. Smith, the dis- 
tinguished botanist. It has a spacious corn exchange, 
where a very extensive business is carried on ; and assembly- 
rooms for miscellaneous purposes. The gaol is a modern 
structure on the confines of the city. The churches, thirty- 
six in number, besides the French and Dutch church, are 
not generally worthy of note, save to the antiquarian. St 
Peter’s Mancrof’t, the largest, is a handsome structure, 
measuring 180 feet in length, and 60 in height, with north 
and south aisles. It has lately been completely restored, 
and fitted up with open seats. The roof is fine open 
timber- work, and the organ one of those originally built 
by Harris. The church contains many curious tombs 
and monuments. The famous Sir Thomas Browne was 
buried beneath the chancel of this church. The peal of 
twelve bells in the tower is said to be unrivalled. The 
tenor bell weighs 41 cwt. St Andrew’s, St Stephen’s, and 
St Michael’s Coslany churches are the next in importance. 

Besides the numerous churches, Norwich has two Roman 
Catholic chapels, a Jews’ synagogue, and between twenty 
and thirty dissenting places of worship. The city is well 
supplied with charitable institutions. It has four endowed 
hospitals for the poor, each possessing very large funds. 

St Giles, the most important, has an income of nearly 
L.8000 per annum ; while as much as L.10,000 per annum 
is dispensed in the city through the medium of other chari- 
table institutions. The Norfolk and Norwich Hospital may 
be classed among the most important of these; it was 
established in 1 772, and contains 105 beds. The number of 
patients that have been admitted since tile opening is 47>072 
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.N'oryrich in-patients, and 37,531 out-patients. From December 1855 
II to December 1856 the number was — in, 781 ; out, 72L A 
Nostrada- p^j3]ic dispensary, eye infirmary, infirmary for sick children 
V 7 (established by Jenny Lind), a Bethel blind asylum, orphans’ 
homes, and many other charitable institutions exist, and 
several very rich benevolent societies. 

The corporate body consists of 16 aldermen and 48 
councilmen. The mayor and sheriff are chosen annually 
from their number. The city has sent two members to 
Parliament since Edward 1. Pop. (1851) 68,195. (s. s. m.) 

Noewich, a town of the United States of North America, 
state of Connecticut, at the confluence of the rivers Yantic 
and Shetucket, which join to form the Thames, 13 miles 
N. of New London, and 40 E.S.E. of Hartford. It is built 
on the slope of a hill, and has a fine appearance from the 
river, the streets running in terraces one behind the other. 
There are here county buildings, a town-hall, eight or nine 
churches, several schools, and six banks. The water of the 
rivers supplies moving power to several manufactories, 
which produce woollen and cotton stuffs, paper, ropes, 
leather, pottery, &c. The River Thames is navigable up 
to this place ; and Norwich also communicates with the sea 
by means of a railway on each side of the river. There is 
daily steam communication between New York and a point 
7 miles below Norwich. Pop. (1850) 10,265; (1853) 
about 11,500. 

NORWOOD, a town of England, in the county of Sur- 
rey, 6 miles S. of London, It contains two district 
churches, one of Grecian and the other of Gothic architec- 
ture; Wesleyan, Independent, and Baptist places of wor- 
ship ; several schools ; almshouses ; and a Roman Catholic 
convent. Among the places of interest are the noble 
public cemetei 7 , and a pleasure ground called Beulah Spa, 
which contains a mineral spring. Pop. 3977. 
NORWOOD, Richard. See Dissertation IV., § 4. 

NOSSI-BE, or Nos-Beh, an island in the Indian 
Ocean, in front of the Bay of Passandava, on the N.W. 
coast of Madagascar; S. Lat. 13. 20., E. Long. 48. 20. 
It is irregular in outline and surface, and evidently of vol- 
canic formation. The highest summit, which is near the 
southern extremity, is about 1700 feet above the sea, and 
is covered with fine timber to the top. The area of the 
island is about 580 square miles. The land near the sea 
is well cultivated, and produces rice, maize, potatoes, &c., 
more than enough for the inhabitants. At several places 
on the coast excellent anchorage may be obtained. Nossi- 
Be belongs to the French, being a dependency of the 
Island of Bourbon. Pop. (1851) 15,178. 

NOSTRADAMUS, Michel de, or Notre-Dame, a 
celebrated physician and astrologer, was descended of a 
noble Provencal family, and born on the 14th of December 
1503, at St Remy, in the diocese of Avignon. He studied 
humanity and philosophy at the college of Avignon, and 
physic at Montpellier. On the outbreak of the plague in 
1525 he set out towards Toulouse, and passed on till he 
reached Bordeaux. After spending five years on the journey, 
treating all the patients that came in his way, he returned to 
Montpellier, and was created doctor of his faculty in 1529. 
At Agen he contracted an acquaintance with Julius Caesar 
Scaliger, which induced him to make some stay in that town. 
On his return to Provence, he established himself first at 
Marseilles, and afterwards at Salon, where he became a 
recluse, and employed his leisure in study. In 1546 he 
rendered essential service by his medical skill to the inhabi- 
tants of Aix, then suffering from a severe visitation of the 
j>lague. He had for a long time occasionally followed the 
trade of a conjurer, and now he began to think himself 
inspired, nay, miraculously illuminated with a prospect 
.into futurity. As often as he fancied these illuminations 
discovered to him any future event, he entered it in 
writing, in enigmatical prose sentences ; but revising them 
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afterwards, he thought the sentences would appear more .Notary, 
respectable, and would savour more of a prophetic spirit, 
if they were expressed in verse. This opinion determined 
him to throw them all into quatrains, and he afterwards 
ranged them into Centuries* When this was done, he 
hesitated about making them public, till reflecting that the 
time of many events w’’hich he had foretold was very near 
at hand, he determined to print them. This he did with 
a dedication addressed to his son Caesar, an infant only 
some months old, in the form of a letter or preface, dated 
the 1st of March 1555. This edition, which includes seven 
Centuries^ was printed by Rigault at Lyons. 

Henri IT., and his mother Catherine of Medicis, having re- 
solved to see the prophet, he received orders to repair to Paris. 

He was very graciously received at court ; and he returned 
to Salon loaded with honours and presents. Animated 
with his success, he augmented his work from three hun- 
dred quatrains to a complete milliad, and published it in 
1558, with a dedication to the king. That prince having 
died the next year of a wound which he received at a 
tournament, the book of the prophet was immediately con- 
sulted ; and in the 35th quatrain of the first century this 
unfortunate event was, strange to say, found predicted. 

So remarkable a prophecy* added greatly to his fame, 
and he was shortly afterwards honoured with a visit from 
Emanuel, Duke of Savoy, and the Princess Margaret of 
France, his consort. From this time Nostradamus found 
himself overburdened with visitors, and his fame daily in- 
creased. Charles IX. presented him with a purse of two 
hundred crowns, together with a brevet, constituting him 
his physician in ordinary. But the prophet enjoyed these 
honours only for the space of sixteen months, having died 
at Salon on the 2d of July 1566. Besides his Centuries, we 
have the following com positions of Nostradamus : — A treatise 
deFardemens et de Senteurs, 1552; a Book of singular Re- 
ceipts, pour Entretenir la SanU du Corps, 1556 ; a piece des 
Confitures, 1557; and a French translation of the Latin of 
Galen’s Paraphrase, 1 552. In addition to various Prophecies, 
some of which were translated into English during his own 
time, he published the Almanac of Nostradmaus in 1559. 

The eleventh and twelfth Centuries of his quatrains were 
published after his death. It is to these productions that 
the following pungent distich w^as applied by Jodelle; — 

Nostra dainus cam falsa damus, nam fallere nostrum est, 

Et cum falsa damus, nil nisi Nostra damus. 

NOTARY, in its original signification, was applied to a 
person {notarius) employed to take notes {notes) of trials 
and other judicial proceedings in tlie Roman courts. These 
notarii represented in some measure our modern reporters, 
and, like them, employed symbols of abbreviation, ora species 
of short-hand, to facilitate the reporting of a speaker’s words. 

This appears from various passages in classical and ancient 
writers, such as Manlius and Martial. The notarii were 
generally slaves ; and, in addition to their ordinary duties, 
not unfrequently took down a man’s will in writing, and 
were sometimes called upon to attend the prefects in the 
capacity of transcribers, and attest the acts of spiritual dig- 
nities when the empire became Christian. In the fourth 
century the notarii received the name of exceptores, and the 
functionai'ies corresponding most nearly to the modern no- 
taries were termed tahelliones. The business of the latter 
was to draw up contracts, wills, and other legal instruments. 

It is impossible to determine when notaries were first known 
in England. As early as the time of Edward the Confes- 
sor we read of charters being executed by notaries for the 
royal chancellor. The power of admitting notaries to prac- 
tise seems to have been vested in the Archbishop of Can- 
terbury by the 25 Hen. VIIL, c. 21, sec, 4. The term 
of a notary’s apprenticeship, and the manner of his admis- 
.sion to practise,, are regulated by. the act, 41. Geo. HL, c. 
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Notation 79, and amended by the 3 and 4 Will. IV., c. 70, and 6 
11 and 7 Viet., c. 90. The recent statutes, 20 and 21 Viet., 
cc. 77, 85, for the abolition of the ecclesiastical courts, do 
not affect the notaries. As appears from countless allusions 
in our literature, it was customary in former times for nota- 
ries to make all kinds of legal instruments. Their occu- 
pation is now limited to the attestation of contracts and 
writings of a mercantile kind, to their authentication in a 
foreign country, to the protestation of bills of exchange, 
&c. They also receive and take the affidavits of masters 
and mariners of ships. Tlie notaries have to pay an annual 
certificate duty, like attorneys, solicitors, and proctors ; and 
in the stamp act, 44 Geo. 3, c. 98, prohibiting persons not 
duly qualified from preparing deeds relating to real or per- 
sonal estate, notaries, as well as attorneys, &c., are ex- 
cepted, subject to their taking out their annual certificates. 

In Scotland, before the reign of James III., papal and 
imperial notaries practised until the third Parliament of 
that king, held at Edinburgh on 29th November 1469, 
when an act was passed declaring that notaries should be 
made by the king. It would appear, however, that for 
some time afterwards there were in Scotland two kinds of 
notaries, clerical and legal, — the instruments taken by the 
latter bearing faith in civil matters. In 1551 an act was 
passed directing sheriffs to bring or send both kinds of 
notaries to the lords of Session to be examined ; and in a 
subsequent statute, passiid in 1555, it was ordained that 
no notary, by whatsoever power he be created,” should 
use the office except he first present himself to the said 
lords, showing his creation, and be admitted by tliem 
thereto.” It does not appear that this statute vested the 
right of making notaries in the Court of Session ; but in 
1 563 it was by law declared that no person should take 
on him tlie office, under the pain of death, unless created 
by the sovereign’s special letters, and thereafter examined 
and admitted by the lords of Session. Since then the Court 
of Session have in Scotland exercised full and exclusive 
authority on the admission of notaries in all legal matters, 
spiritual and temporal. It is the privilege of notaries to 
expede the instruments by which a proprietor is infeft or 
feudally vested in land, to protest bills, to autlienticate 
copies of writings, and generally to do what is usually done 
by the notary in England. 

NOTATION, the method of expressing numbers or 
quantities by signs or characters appropriated for that pur- 
pose. (Sec AnmiOTTic and Algebra.) 

NOTES, in music, are characters used in writing or 
printing, to mark the pitch and the duration of the sounds 
of any musical composition. These characters or signs 
of notation have varied much at different times. Many 
alterations of those now generally received have been 
proposed, but not adopted. Numerical and literal me- 
thods of expressing musical sounds have been repeatedly 
piroposed ; but it seems that these are even more compli- 
cated than the method in common use. A musical short- 
hand, constructed of alphabetical letters, was proposed 
in 1805 in France, but rejected; although in numerous 
cases of simple melody and harmony it might be very 
useful in saving s|)ace to publishers of books. (As to 
the notation of music in ancient and modern times, see 
Padre Martini, Hawkins, and Burney, and especially Mer- 
senne and Mace regarding the entablature oi some musical 
instruments now disused.) (g. p. g.) 

NO TO, a town of Sicily, capital of a province of the 
same name, stands on a hill near the left bank of the River 
Noto, not far from its mouth, and 14 miles S.W. of Sj’ra- 
cuse. It is well built, and has regular streets and spacious 
squares. There are several churches and convents ; a col- 
lege ; a (museum, with a large collection of Greek, Roman, 
and Moorish ^ coins ; council-house ; hospital, &c. Some 
trade is carried on in corn, wine, and oih About 4 miles 
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to the N.W, are the remains of the ancient Netum, con- Notting- 
sisting principally of an amphitheatre and a gymnasium. ' ham. 
Pop. 11,065. 

NOTTINGHAM, a large market-town of England, the 
capital of the county of the same name, in the centre of 
England, Since the time of Henry VI. the town has been 
itself a county, with its own recorder and sheriff. It is a 
place of great antiquity, deriving its name from the Saxon 
word SnottingaJiam, which is descriptive of its position as a 
retreat in rocks, since there were formerly many, and are 
still a few, caverns, cut in the soft rock on which its castle 
was built. It is by some antiquaries asserted that it W'as 
once a Roman station ; but that is a subject of controversy. 

The earliest records notice some incursions of the Danes 
about 866 ; but they appear to have received a check from 
the town, and a defeat near it from King Alfred, who after- 
wards made it the winter-quarters of his army'. William the 
Conqueror erected a castle, and constructed fortifications so 
strong as to render the place impregnable against any of the 
methods of attack which were then known. King Richard 
Cceur dc Lion assembled a Parliament in this place pre- 
viously to his departure for the Holy Land, and another soon 
after his return from Palestine. It was from Nottingham 
that Richard III. marched forth to his fatal battle of Bos- 
worth Field. Here Charles 1. erected his royal standard 
at the commencement of the civil war, at a spot now in- 
cluded in the General Hospital gardens. The castle of 
Nottingham, defended by the royalists, was besieged by the 
parliamentary forces under the command of Colonel Hutch- 
inson, to whom, after a brave defence, it at length sur- 
rendered. The particulars of the siege are related in a most 
interesting manner by the wife of that officer. When 
Cromwell had attained supreme p'ower, he ordered the for- 
tifications to be destroyed, and the castle to be dismantled. 

Early in the present century this town and neighbourhood 
w'ere distinguished by the riotous dis[)Obition of the lower 
orders. This was especially tl)e case between the years 
1811 and 1814, when the Luddites, as they were termed, 
were excited to destroy mucli of that machinery by the aid 
of which the town subsequently attained to its present high 
degree of afiiuence. These disturbances were quelled by 
the power of the law, and some wholesome severities ; but 
a portion of the tracle was transferred to distant and more 
tranquil districts. During the excitement respecting par- 
liamentary reform a very violent spirit was nfanifested, 
which led to the destruction of a silk-mill in the neighbour- 
hood, many outrages upon ])rivate houses, and the burning 
of the castle belonging to the Duke of Nevi'castle on Oc- 
tober 10, 1831. These disturbances led to a few exemplary 
punishments and some heavy burdens on the town, to in- 
demnify those whose property had suffered by the riots. 

Nottingham is finely situated upon the side of a hill over- 
looking the valley of the Trent, and near to the south- 
western extremity of what was formerly the forest of Sher- 
wood, once famous as the resort of the celebrated Robin 
Hood, but now a well-cultivated district. The environs of 
the town are picturesque and beautiful. It is surrounded, 
except towards the Trent, by eminences w^hich command 
extensive views of the neighbourhood and of adjoining 
counties. Clifton Grove and the village of Wilford, cele- 
brated by Kirke White, together with W^ollaton Hall, the 
seat of Lord Middleton, and Belvoir Castle (distant 19 
miles), are marked features in the landscape. 

Immediately contiguous to the town, on its western side, 
is the Park, an appanage of the castle, and originally a 
grant from the crowm. It was purchased of Francis, Earl of 
Rutland, by William Cavendish, first Duke of Newcastle, 
who commenced the present building in 1674, in the eighty- 
third year of his age. The park contains about 120 acres, and 
is remarkable for its undulatory surface. The boundary 
next the town is marked by a range of hills upwards of 100 
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JTotting* feet high. These terminate abruptly on the south-west 
ham. with a magnificent precipice, 130 feet high, upon which the 
castle stands. The whole is of the New Red Sandstone for- 
mation, and readily yields to the stroke of the quarryman. 
It is to the facilities thus afforded by nature that the nume- 
rous caverns and rock habitations, for which Nottingham 
and the Park are so famous, owe their origin. After the 
estate came into the possession of the present duke, a lofty 
tunnel was cut through one of the sandstone hills above 
named, constituting the principal carriage approach from the 
town to the valley of tlie Park. The ground is laid out for 
villa residences, and terraces and drives are formed ; the 
valley being set apart for pleasure-grounds and ornamental 
planting. The landscape is rarely equalled in beauty, 
and affords a sudden and magical transition from town to 
country. Of this the merchants and principal inhabitants 
have availed themselves, by erecting residences of a costlj^, 
and for the most part elegant and tasteful character. The 
Park is bounded on the south by the River Leen, or rather 
the artificial watercourse said to be formed by William 
Peverill, the first grantee of the castle, in the time of William 
the Conqueror. The original bed of the river as it ran into 
the Trent may be now traced at the point at which it was 
diverted. 

Some of the old streets are narrow, but in the great ex- 
tension of the town of late years some new and spacious 
avenues have been built, and much improvement has been 
judiciously effected. The market-place is one of the finest 
in England. It is spacious, occupying an area of 27,515 
square yards, or rather more than five acres and a half. 
It is well paved, and admirably adapted for the purpose of 
the two weekly markets held in it on Wednesday and Sa- 
turday, the last of which is the principal one. At the east 
of the market-place stands the Exchange Hall, which is a 
noble-looking building. The pediment is crowned with a 
well-proportioned pedestal, on which stands the figure of 
Justice. On the pediment are the town arms ; and under- 
neath it, with a clock intervening, is a handsome Venetian 
window, ornamented witli tw'o elegant Ionic columns, which 
lights the spacious room within. That apartment, when 
the temporary doors which divide it are thrown open, is 
123 feet long, 30 wide, and 30 high, with an arched ceil- 
ing. It is used for public dinners, at which more than 400 
persons can be comraodiously seated, and also for public 
meetings. This room was nearly destroyed by an accidental 
fire in 1836, but has been restored and further beauti- 
fied. One part of the building is appropriated to magisterial 
business, and another is occupied as a police-office, and for 
the residence of the mayor’s serjeant-at-mace. Underneath 
the Exchange there are a few shops in front, but the prin- 
cipal part of the ground-floor is appropriated to shambles. 
In another part of the market-place is the Subscription Li- 
brary, containing more than 13,500 volumes, many of them 
of great value. With this is incorporated the Standfast 
Library, consisting of works chiefly classical and theological ; 
making a total of nearly 15,000 volumes. There are also 
.maps, and portraits of eminent individuals connected with 
the town, amongst whom are Colonel Hutchinson, Lord 
Byron, Sir Richard Arkwright, Kirke White, and others. 

The other civic buildings are the county jail and hall, a 
commodious but not elegant structure ; the house of cor- 
rection and town jail, standing on the site of a convent of 
the hospitallers of St John of Jerusalem ; the town-hall, 
where the borough assizes and sessions, and the mayor’s 
and sheriff’s courts are held; the post-office, occupying a 
very commanding situation ; and the free grammar school, 
in which 80 boys are educated — 40 in the classical, and 40 
in the English department. 

The edifices for religious worship are in about the same 
proportion to the number of the inhabitants as is seen in 
other places which have increased with similar rapidity. 

VOL. xvi. 


St Mary’s is usually denominated the mother church of the Kotting- 
town, from its priority of erection. It resembles a cathe- ham. 
dral more than a parish church in its extent, its architec- 
ture, and its decorations, and is the most striking object 
in the place when viewed from what is called the High 
Pavement. It stands on an elevated spot, and is said to be 
nearly 70 feet above the level of the meadows near the 
town. The date of the erection is unknown, but is said 
to have been in the fifteenth century. It is in the form 
of a cross, and has a handsome square tower, in which there 
is a musical peal of ten bells. The length of the structure 
in the inside is 216 feet, the breadth at the transept 97, at 
the west end or principal entrance 67, and in the chancel 
29 feet. The height of the tower is 126 feet, and that of 
the side aisles 60 feet. The porch on the south side is a 
very ancient and elaborate piece of workmanship, which 
tradition has assigned to the neighbouring priory of Len- 
ton as its original site. In the north transept there is an 
excellent organ of great power. There are in this church 
many monumental inscriptions on tombs of the family of the 
Earls of Clare, and one of an Earl of Meath, and the mau- 
soleum of the family of the Wrights. In the year 1848 the 
building, having undergone extensive repairs and numerous 
alterations, with a view to carrying out its original design, 
was re-opened for public worship. The cost, upwards of 
L.9000, was defrayed by a subscription. 

Besides the mother church, there are provided for the 
adherents of the established worship the following edifices ; — 

St Peter’s, St Nicholas’, St James’s, St Paul’s, Trinity, St 
John Baptist’s, St Matthew’s, and St Mark’s. The Roman 
Catholics possess a cathedral dedicated to St Barnabas, and 
erected in 1844 at a cost of L.20,000. The Nonconfor- 
mists have numerous places of worship, some of them large 
and costly. Wesley and Halifax Place chapels, belonging to 
the Methodists, will accommodate each ISOOpersons, and the 
former is stated to have cost L. 10,000. Other descriptions 
of Methodists have 5 places of worship ; the Baptists of va- 
rious orders 7; the Independents 4; the Unitarians, Qua- 
kers, Irvingites, and numerous other sects, 1 each. In 
1851 the total number of places of worship was reported as 
37, of which 8 belonged to the Church of England, and 29 to 
other religious bodies. The largest reported attendance (on 
Sunday, March 31) in that year was, at the several churches, 

5570, and at the other places of worship 11,284. 

The charitable institutions depending on endowed foun- 
dations or on voluntary contributions are numerous. The 
Blue- Coat School clothes and educates about 50 boys and 
20 girls. The General Hospital, built in 1781, possesses 
about two acres of land, given partly by the Duke of New- 
castle and partly by the corporation. It is supported chiefly 
by subscriptions, and usually contains about 140 patients ; 
whilst between 1100 and 1200 are out-patients receiving 
medical advice and assistance. The Dispensary, established 
in 1831, has on an average 350 patients. The General 
Lunatic Asylum is a modern and spacious brick building, 
erected in 1810, at an expense of nearly L.20,000. There 
are extensive courts, gardens, and places for recreation ; and 
the whole economy of the place is well contrived for the 
recovery of the inmates. The foundation of a second asy- 
lum for patients of the middle class was laid by the Duke of 
Newcastle, October 30, 1857. Labray’s and Lambley’s 
Hospitals are small asylums for aged widows ; and Collins’ 

Hospital is a splendid charity, founded by one of the Smith 
family of the town, of which Lord Carrington is the pre- 
sent head. It consists of twenty-four small but conve- 
nient dwellings for as many poor widows, each of whom 
receives four shillings weekly, and two tons and a half of 
coal every year. From the same endowment Carrington 
Street Hospital, which accommodates 20 inmates, was built 
between the years 1831 and 1834. Plumptre Hospital, 
founded by a family of that name (since transplanted into 

2 u 
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IS^otting- Kent) in the year 1392, but twice repaired since, viz., in 
ham. 1650 and 1751, —has been rebuilt underan act of Parliament 

passed in 1823. Thirteen aged widows are provided with 
comfortable dwellings within the house, and allowed six 
shillings weekly, whilst thirty others, called out-pensioners, 
receive ten pounds a year. Willoughby’s Hospital contains 
nineteen tenements, the inhabitants of which receive a 
small pension. W^ooley’s Alms are dwellings for six poor 
persons; and Bilby’s Almshouses for eight persons, who 
have each a loaf weekly, and two tons of coal at Christ- 
mas. Warser Gate Hospital gives apartments to six, and 
Hanley’s to twelve poor persons. Other almshouses exist ; 
so that in the year 1844 the number of persons thus pro- 
vided for was 180. In 1852 Mr George Gill erected six 
additional tenements for decayed workmen. 

Among the public edifices that deserve notice may be 
mentioned the barracks, built in 1792, a plain building, 
with apartments for officers and privates, and suitable 
stabling for three troops of horse. At the close of 1857 the 
government resolved on erecting new barracks on a different 
site, granted by the corporation. There is an assembly- 
room, as well as a theatre of moderate dimensions, and the 
usual provision of gas and water works, &c. Among the 
comparatively recent buildings of a public character are a 
savings-bank ; a mechanic’s institution, with a hall capable 
of accommodating 1000 persons, a library of 6000 volumes, 
a museum of natural history, reading-rooms, &c. ; the Arti- 
zau’s Library, containing 2000 volumes ; the People’s Col- 
lege, founded by Mr George Gill in 1 847, intended to bring 
the higher advantages of education within common reach ; a 
large and handsome asylum for the blind ; a ragged school ; 
a female refuge ; and baths and wash-houses. Two of the 
older mansions of the town are now occupied, the one as a 
government school of design, and the other as a people’s 
hall, a gift to the working-classes by a benefactor whom we 
have already named, Mr George Gill. To these must be 
added a large and handsome building, erected in 1853 as a 
corn market, and now used as a general exchange and 
news-room. To this is attached a telegraph office. 

The most important event in the modern history of Not- 
tingham was the passing, on June 30, 1845, of an act for the 
inclosure of about 1300 acres of pasture land, by wliich the 
townw'as nearly encircled, and which was subject to rights 
of common. Surrounded by this belt of open country, the 
town had been hemmed in upon a space of 265 acres, and 
was one of the most densely peopled in the kingdom, — 
an immense surplus both of trade and population, properly 
identified with Nottingham, being located in large manu- 
facturing villages in the immediate vicinity. The effects of 
the act are strikingly apparent. Many hundreds of houses, 
with numerous factories, now spread over the recently-in- 
closed space. It is traversed by public and private roads of 
more than IS miles in length. Upwards of 50 acres are 
laid out, for the purposes of public recreation, in a cricket- 
ground, ornamental walks, and an arboretum of about 20 
acres, to which there is free admission. An extensive race- 
ground is included in the space reserved for public accom- 
modation. The inclosure act also provided for the appro- 
priation of 8 acres for the purposes of interment. Of these, 
ibur, designed for the use of dissenters, were added to the 
general cemetery, establishd in 1837, and now comprising 
18 acres ; and the remainder are incorporated with a recently 
formed Church of England cemetery, containing in all 1 3 acres. 

The change in the town itself is as gi'eat as that which 
marks its immediate vicinity. Factories and warehouses 
have sprung up with a rapidity of which scarcely any other 
town presents an example. Almost all the leading mer- 
chants, and manufacturers have enlarged or rebuilt the 
places in which they carry on their business; so that Not- 
tingham appears like a place which has suddenly become 
the seat of some new and very flourishing trade*. The old 


warehouses, &c., were of the plainest character, and utterly 
destitute of architectural pretensions. The reverse may be 
said of the new. Under the direction of Mr Hine and 
other able architects, the town has now been ornamented 
with a large number of commercial buildings, which for 
their architectural character will bear comparison with the 
higher class of civic edifices to be found elsewhere. 

The population of Nottingham amounted in 1811 to 
34,253 ; in 1831 it was 50,680; and in 1841, 53,091. It 
had grown in 1851 to 58,529, exclusive of the suburbs of 
Sneinton and Radford, which are now strictly incorporated 
with Nottingham, and constitute one town. Of these, the 
former contained at the last census 8840 inhabitants, and 
the latter 12,637 ; making a total of 80,006. To these 
ought perhaps to be added the immediately contiguous pa- 
rish of Lenton, having a population of 5589. On this esti- 
mate, the population of Nottingham, taking into account its 
rapid increase during the last few years, cannot fall far 
short of 100,000. The villages within 4 miles, and most of 
them, strictly speaking, dependencies of the town, contain 
an additional population of 30,000. 

The Trent is navigable up to the town ; and the various 
canals which branch from that river afford the means of 
communication with every part of the kingdom. There are 
two distinct lines of railway connecting Nottingham with 
the metropolis, as w'cll as with the north, besides lines run- 
ning to Derby, Newark, Lincoln, Mansfield, Ilkeston, and 
otlier places. 

We are enabled, on the authority of W. Felkin, Esq., 
F.L.S., to present the following account of the two prin- 
cipal branches of the trade of this important town ; — 

The surprising invention of the stocking-frame by Leo has is- 
sued in one of the most interesting chapters in the history of me- 
chanical invention and manufacturing industry. It was upon this 
machine that,- about a century a^o, a coarse imitation of cotton 
lace was first produced. The fabric was all weft from one conti- 
nuous thread. A beautiful adaptation of the machinery enabled a 
fine silk net (point lace) to be made, employing for many years 
1500 frames in N’ottingham and its vicinity. This fabrication has 
long since died out. Then the machine was so arranged as that the 
material should be used altogether as warp. This very ingenious 
machine is still usefully and extensively employed. Mr John 
Heathcoat, then a working-frame smith in Nottingham, invented 
the bobbin-net machine, and patented it in 1800. llis first ma- 
chines were from 18 to 36 inches in width. A woman making lace on 
a pillow may produce three to five meshes or interstices in a minute. 
The first machine produced 1000 meshes per minute. A square 
yard of the produce was sold for L.5. This machine, as originally 
constructed, though displaying wonderful mechanical skill, was a 
complicated one. Duidng the whole of the intervening time inces- 
sant and remarkable ingenuity has been shown in simplifying and 
improving the machine. It is now made 180 to 200 inches in 
width ; and plain net of like quality to that first made is sold cur- 
rently at 6d. for the square yard. A man turns off with ease 40,000 
meshes per minute from this mechanical pillow,'’ as the bobbin-net 
machine was originally called by its talented inventor. Luddites 
having broken the patentee's machinery at Loughborough, he estab- 
lished himself at Tiverton, where he now employs 300 machines. 
He has represented that borough in Parliament since 1831. There 
are also about 100 machines at Barnstaple, 250 at Chard, 100 in 
the Isle of Wight, and 300 in Derbyshire. There are 2550 bobbin- 
net and 800 warp machines at work in Nottingham and its vici- 
nity. Excepting loss than one-tenth of the production, the whole 
of the English bobbin-net machinery is employed for the Notting- 
ham lace trade. The capital in this machinery amounts to 
L.l ,500,000, independently of that employed in the construction of 
doubling and throwing raw materials used in this branch of busi- 
ness. The number of persons wholly or in part engaged in it is 
135,000, or more— as smiths, machine hands, menders, warehouse 
men and women, finishers, embroiderers, &c. Wages may be stated 
at, — men 20s. to L.5 ; youths, of both sexes, 8s. to 20s. ; children, 
3s. to Ss. per week. The whole machinery, or nearly so, is worked by 
steam or water power, where employed on plain or common fancy 
goods. The Jacquard apparatus has been applied at great cost, 
but with perfect success, to about 2500 of the machines, making 
every class of bobbin-net and warp goods, up to the most expensive 
and close imitation of pillow articles. The statistics for 1857 may 
be stated^ with pretty close approximation to truth, as follows?— 
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Hotting- 3600 "bobbiii-net, and 800 warp lace macHnes used up 9,600,000 lb. 

ham.° weight of raw cotton wool, at an imported cost of L.7 12,000, to 
V ^ * 7 -which was added Ii.2, 318, 000 wages and profits; malsing a total 

^ return of L.3j030,000 : and raw silk, 450,000 lb., at a cost of 
L.503,000, to which was added wages and profits 1. 1,247, 000 — 
total return in silk lace goods, L.1,750,000. There were there- 
fore materials used costing L.1,215,000, to which were added wages 
and profits L.3,565,000 ; making the entire return L.4, 780,000, of 
which L.4, 300, 000 passed through the warehouses of Nottingham. 
About two-fifths of the amount is believed to be exported. During 
the first twenty years after the bobbin-net machine was invented, 
pillow lace was very adversely affected by it. Since then the cheaper 
machine lace has led the way to a larger consumption of pillow lace 
goods, and at better wages and prices than for ages before. 

Hosiery The machinery invented in 1689 by the Rev. W. Lee, at Wood- 
trade of borough, in the county of Nottingham, for the manufacture of 
Netting- hosiery, was the result of extraordinary mechanical genius. After 
ham in his death it was chiefly transferred to and around London ; but a cen- 
1857. it had become concentrated in the three midland counties, 

, In order to bring before the public the sufferings of the people then 

engaged in this branch of trade, Mr William Felkin of Nottingham 
caused a minute census of the machinery to be taken in 1844. 
This statement included the frames, hands employed, classes of work 
produced, materials used, throughout 230 parishes in the counties 
of Leicester, Derby, and Nottingham, where stocking-frames were 
to be found, as well as those which were in other parts of the three 
kingdoms. In Leicestershire there were 6933 employed upon cot- 
ton, 9875 woollen, 168 silk, 1582 mixed, and 2303 not at work ; 
total, 20,861. In Derbyshire, 4380 cotton, 171 mixed, 1454 silk, and 
792 not at work ; total, 6797. In Nottinghamshire, 12,440 cotton, 
2094 silk, 299 mixed, 46 woollen, and 1503 not at work; total, 16,382. 
In other parts of England, 1572 frames ; in Scotland, 2605 ; in Ire- 
land, 265. Total stocking-looms in the three kingdoms, 48,482. 

These machines had been worked in small shops, or the houses 
of work-people. The rates of wages in 1844, and for forty years 
previously, had been depressed to the lowest living point, it being 
all hand employment. Since that year there has been a gradual 
hut most important improvement throughout the whole trade. The 
demand for goods has gone somewhat beyond the supply of labour ; 
the rates of wages have advanced 50 to 100 per cent., according to 
classes of goods made ; all the available machinery has been em- 
ployed, though the former excessive hours of work have been short- 
ened ; and the former wretchedness of the people has disappeared. 
During the last ten years about 1300 sets of power rotary round 
frames have been constructed, about 800 of which are in Nottingham, 
and 500 in the two adjoining counties. Several hundreds of wide 
frames have been placed in factories, and adapted to rotary steam- 
power. Out of the total number of stocking-looms (about 50,000), 
there are now at least 17,250 engaged in the trade of Nottingham- 
shire, giving employment in making, stitching, sewing, finishing, 
&c.7to about 40,000 men, women, and children, at from 30s. to 2s. 6d, 
a week. Of the production of Nottingham hosiery, about one- third, 
it is believed, has been of late exported. The value of Notting- 
ham hose-frames is estimated at L.310,000. 

The kind and quantity of materials used, and value of hosiery 
goods produced in 1857, bear no comparison with 1844, or any 
former period. One workman in a hand-frame may produce one 
dozen cotton hose, weighing 2 lb. on an average, in a week ; one 
set of round frames, managed by one man, will turn off easily 200 
dozen, each of lb. weight (using 300 lb. of cotton per set) in a 
week. Such hose are selling, when prepared for market, at 2s. 6d. 
per dozen. This cheap hosiery has forced its way where stockings 
were unknown ; and in both home and foreign markets an increased 
demand for every class of English hosiery has marked the late 
' epochs of enlarged manufacturing prosperity. 

The following is an approximate estimate of the production of 
hosiery in the Nottingham trade of the year 1857 : — 


Material, 

Consumpt of 
raw material. 

Cost in 
Import. 

Wages and 
Profits. 

Total 

Return. 

Raw cotton wool.. 
Mixed wool........ 

Lhs. 

9,000,000 

2,600,000 

100,000 

L. 

338.000 

107.000 

100.000 

L. 

987.000 
. 333,000 

233.000 

L. 

1,325.000 

440.000 

335.000 

Raw silk 

Total 


645,000 

1,555,000 

2,100,000 




Nottingham has been celebrated for its ale, the qualities 
of which have been the theme of song. It is still good, and 
very potent. Its excellence has been attributed by some 
to the good quality of the barley grown in the neighbour- 
hood, by others to the purity of the water, and by many to 


the excellent cellars scooped out of the rock, with which Notting- 
most of the good houses are furnished. hamshire. 

This town returns two members to the House of Com- 
mons. The freemen, who were formerly the sole electors, 
are still numerous, but are exceeded in number by the ten- 
pound voters. 

By the municipal corporation reform law passed in 1835, 
the town is to continue a corporation, is divided into seven 
wards, and has a mayor, fourteen aldermen, and forty-two 
councillors, with twelve justices of the peace appointed by 
the crown, (s. m — ll.) 

NOTTINGHAMSHIRE, an inland county of England, 
bounded on the N. by Yorkshire and a part of Lincolnshire, 
on the E. by Lincolnshire, on the S. by Leicestershire, and 
on the W. by Derbyshire. It is of an oval figure, with its 
narrowest end towards the north. Its greatest length is 
about 50 miles, and its greatest breadth 27. Its circum- 
ference is estimated at 140 miles. The number of square 
miles is 822, or 526,076 acres. 

The county is divided into six hundreds, or, as they are 
usually denominated, wapentakes; three of w^hich are to 
the north and three to the south of the River Trent. It 
contmns nine market-towns, and 207 parishes. The annual 
value of the real property assessed to the property and in- 
come tax for the year ending 5th April 1851 was L.1,198,843. 

The number of inhabitants amounted in 1801 to 140,350; 
in 1811 to 162,000; in 1821 to 186,873; in 1831 to 
225,400; in 1841 to 249,910; and in 1851 to 270,427. 

The number of inhabited houses in 1851 was 55,0 19. 

We are not enabled to state the exact proportions of the 
several classes engaged at that date in trade, agriculture, &c. 
According to the census of 1851, the county contains 231 
public day-schools, 58 of wdiich are supported by endow- 
ments, and 136 by the voluntary subscriptions of members 
of the Established Church. The total number of scholars 
in public and private day-schools is 3 1 ,1 78. The number of 
Sunday schools is 428, of which 183 belong to the Established 
Church, and 245 to other religious communions. The 
total number of scholars in the former is stated to be 17,785, 
and in the latter 26,153. The places of worship belonging 
to the Church of England are returned as being 248, and 
those belonging to other religious bodies as 382, of which 
the large proportion of 273 is assigned to the Wesleyan 
Methodists. The number of sittings is reported as 160,234, 
of which the Established Church furnishes 76,960. 

The towns and villages containing more than 2000 in- 
habitants, and the numbers in each, were in 1851 : — 


Nottingham 58,529 

Newark 11,330 

Mansfield 10,627 

Basford (parish) 10,093 

Worksop 7,216 

Sutton in Ashfield 6,542 

Lenton (parish) 6,589 

Greasley (parish) 6,284 

Arnold 4,704 

Bulwell 3,786 


Southwell 3,516 

Becston 3,016 

Hucknal-Torkard 2,970 

Retford 2,943 

Clarhorough 2,604 

Kirby in Ashfield 2,363 

Carlton 2,329 

Ruddington 2,181 

Bingham 2,054 


The face of the country is generally level, with moderate 
undulations; and its beauties are of a mild description, 
somewhat picturesque in the vicinity of Sherwood Forest, • 
but displaying neither the striking features of the adjoin- 
ing county of Derby on its western side, nor the flat insi- 
pidity of the plains of Lincolnshire on its eastern side. 
From its position between these two descriptions of coun- 
try, and from its moderate elevation, it enjoys a milder 
climate than either, partaking neither of the cold air of the 
one nor the moist atmosphere of the other. The mean 
temperature of the couuty town :.i said to be only below 
that of London, or 49°*73. The dryness of the climate is 
favourable to early vegetation, and is supposed to be the cause 
of the seed-time and harvest in Nottinghamshire commenc- 
ing at the same period as in the more southern counties. 
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Notting- The soil of this county is very various. On the borders 
hamshire. Qf Derbyshire there is a stripe of land with coal and lime- 
stone, partly in wood, but mostly under arable Culture- 
Parallel to it is a broader tract, including Sherwood Forest, 
the soil of which is chiefly sandy and gravelly ; but though 
naturally sterile, it has in some degree been brought into 
a productive state by the extensive cultivation of turnips, 
and the maintenance of considerable flocks of sheep. The 
tract which adjoins is a clayey soil, extending to the banks 
of the Kiver Trent. It is chiefly arable land, but varied 
with woods and meadows, and highly productive of wheat, 
oats, beans, and, in some parts, of hops. The lands on the 
banks of the Trent are very fertile, being mostly devoted 
to pasture, on which many oxen are fattened ; and some 
of the dairies are extensive. The arable land of this dis- 
trict is celebrated both for the quantity and the quality of 
the oats which it produces. The beautiful vale of Bel voir, 
in the south-easternmost part of the county, enjoys some 
of the best soils, both for pasture and arable husbandry, of 
any part of this island. The farms are in general small, 
and commonly held by tenants at will, the rents taken from 
whom are generally moderate ; and a very great propor- 
tion of the land is free from the burden of the tithes. 
The spirit of agricultural improvement has not proceeded so 
far as in many other counties, though it has made consider- 
able progress of late years. Neither the breeds of cows and 
sheep nor the modes of cultivation differ so much from those 
of the adjoining counties as to deserve'any especial notice. 

There are no mines except those of coal, which are ex- 
clusively confined to a narrow district bordering on Derby- 
shire ; the coal is of good quality, very abundant, and, by 
means of railways and internal navigation, diffused through- 
out the whole county. Excellent stone for building is 
raised in many parts, some of which has the peculiarly 
valuable quality of hardening by exposure to the weather. 
Many parts of the county abound in veins of gypsum. In the 
parisli of Gotham it is found in strata of the thickness of 3 
feet. At Beaconhill, near Newark, there are large quarries 
of this substance. Although it has been much praised as a 
manure, the trials of it that have been made in its vicinity 
have not been attended with such beneficial results as to 
induce the continued use of it for that purpose. It should 
only be used in moderate quantity, and on stiff* soils. 

The forest of Sherwood, formerly celebrated as tlie 
scene of the exploits of Robin Hood, whose deeds amused 
our nursery days, is mostly an open heathy plain, bordered 
with recent plantations, and upon which the plough has 
made very extensive encroachments. The boundaries of 
the forest are extensive, it being 26 miles in length, and 
from 7 to 9 in breadth ; but a great portion of it has be- 
come the property of private individuals, and is inclosed 
in farms and parks ; in the latter of which is to be found 
the deer with which this forest was once most abundantly 
stocked. The trees of most ancient date arc those on the 
estates of the Duke of Newcastle and Lord Manvers. 

Nottinghamshire is, for its population, one of the great- 
est manufacturing counties. (For information on this 
subject the reader is referred to the concluding part of 
the article Nottingham.) The spinning of cotton-yarn, 
from its natural connection with the trade of the district, has 
been introduced and very widely extended ; and the estab- 
lishments at Nottingham, at Pleasley Works, near Mans- 
field, and several other places, are upon an extensive scale. 
There are also some large manufactories for silk-throwing 
and for spinning worsted yarn. Malting and brewing are 
carried on to a considerable extent ^ and the beer of Not- 
tingham and of Newark rivals that of Burton-upon-Trent. 
There are potteries at Sutton-in- Ash field ; starch is made 
at Lenton ; ^ and sailcloth and candlewick at Retford. 

The foreign trade of this county is mostly conducted by 
the mercantile houses of London and Liverpool $ but soixle 


of the larger manufacturers export their own goods both Kottinff. 
to the continent of Europe and to the more distant parts of kwshire. 
the world. 

The River Trent, the fourth in magnitude of the Eng- 
lish streams, passes across tlie county, and is navigable lor 
barges throughout the whole of it; but its deficiencies of 
water and its shoals arc such great impediments that a canal 
by the side of it, 10 miles in length, is found of great use 
to the intercourse. The other rivers are not navigable, 
but are beneficial for the purposes of irrigation. I'hey are 
the Erewasb, the Soar, the Maun, the Meden, the Wollcn, 
the Worksop, the Idle, the Leen, and the Dover or Dare. 

These all discharge tlicir waters into the Trent. Tlie 
canals are — the Nottingham, the Grantham, the Idle, and 
the Chesterfield. The last of these is about 40 miles in 
length ; tlie others about 10 each. By means of these 
and the Trent, the intercourse by internal navigation is 
extended to almost every district of the county. In addi- 
tion to this means of communication, all the principal 
towns, and most of the more jjopulous villages, are now 
embraced in the railway system. 

The titles derived from this county arc those of Marquis 
of Granby, Earl of Mansfield, Viscount Newaik, and Barons 
Pierrepoint and Carrington. For election purposes, the 
county has been divided into two districts, the northern 
and the southern. Each of them returns two members. 

The election for the northern division is licld at Mansfield, 
and the polling-places are, that town, East Retford, and 
Nottingham. The election for the southern division is 
held at Newark, and the other polling-places are Bingham 
and Southwell. The three boroughs, Nottingham, Newark, 
and Retford, return each two members, as before the passing 
of the Reform Bill. The whole of the county is in the 
diocese of Lincoln, to wliich it was transferred from that of 
York at the recommendation of the ecclesiastical commis- 
sioners in 1836. It is on the midland circuit of the judges. 

The remains of Roman and Norman antiquities are nu- 
merous. Amongst the former are the camps at Barton 
Hill, at Combes Farm, at Gringlcy, at Hexgrave, and at 
Wenney Hill, and a Roman villa near Mansfield. Among 
the latter are the Castle of Newark ; the abbeys of New- 
stcad, Ruffbrd, and Welbeck; tlie i)ri()rios of Mattersey 
and Worksop; and the churches ol' Bingham, Blythe, 
Southwell, and Balderton. 

Among the distinguished natives of this county Iiave 
been Archbishop Cranmer, Dr Erasmus Darwin, Sir Mar- 
tin Frobisher, Denzil Lord Holies, Ireton, the son-in-law of 
Cromwell, Lady Mary Wortlcy Montague, Paul Sandby, 
Archbishop Seeker, Gilbert Wakefield, Bishop Warburton, 
and Henry Kirke White. 

The seats of noblemen and gentlemen of the first class 
arc as ntimerous as in any county of England. Among 
the most remarkable are the following, viz. : — Annesley 
Hall, John Musters, Esq.; Babworth Hall, H. B. Simpson, 

Esq. ; Bramcotc Hall, J. S. Sherwin, Esq. ; Bunny Park, G. 

A. Forteath, Esq. ; Clifton Grove, Sir Robert J. Clifton ; 
Clumber Park, Duke of Newcastle; Colwickllall (unoccu- 
pied); Elton Manor, W.F. N. Norton, Esq.; Flintliam Hall, 

T. B. T. Hildyard, Esq. ; Grove Flail, G. FI. Vernon, Esq. ; 

Flolme Pierrepoint, Viscount Newark, M.P. ; Kelham 
House, J. FL M. Sutton, Esq.; Kingston Hall, Lord Bel- 
per; Mapperley House, Ichabod Wright, Esq.; Newstead 
Abbey, late Lord Byron (now Colonel Wildman) ; Nor- 
wood Park, Sir John Sutton, Bart.; Niittall Temple, R. 

Holden, Esq.; Osberton, George S. Foljambe, Esq.; Os- 
sington Hall, Right Honourable J. E. Denison, ALP.; 

Oxton Grange, H. P. Sherbrooke, Esq.; Ruddington 
Grange, Charles Paget, Esq., AI.P.; Rempstone Hall, 

Lady Sitwell; Ruffbrd Abbey, Earl of Scarborough; 

Serlby Hall, Viscount Galway, M.P. ; Stanford Hall, Rev, 

S« V 4 Dashwood i 'Thoteiby Park, Earl Manvers ; Thrump-* 
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Noureddin. ton Hall, Honourable Captain Byron ; Thurgarton Priory, 
Richard Mihvard, Esq. ; Watnall Hall, Colonel Rolle- 
stone; Welbeck Abbe}’-, Duke of Portland; Whatton 
Manor, T. D. Dickenson, Esq. ; and Wollaton Hall, Lord 
Middleton. (s. m-ll.) 

N O UREDDIN, or Noor-Ed-Deek, the name of several 
Moslem rulers of Syria, of whom the most distinguished 
was Noureddik Mahmoud, Melek-EhAdel^ who suc- 
ceeded his father the famous Zenghi, Emir of Aleppo, in 
1146. His reign was endangered at its commencement 
by the attempts of the Cliristians to regain the possessions 
which had lately been wrested from them. Josceline de 
Courtenay siezed upon his former capital Edessa : but he 
was speedily dislodged, and the rebellious spirit of the 
citizens was suppressed by an extensive massacre. The 
second crusade, under the command of Louis VIL of France 
and the Emperor Conrad, arrived in 1 148. But the ranks 
of the Christian invaders bad been wasted in their march by 
the shafts and scimitars of the infidels ; their strength was 
now still further weakened by the dissensions of the royal 
leaders ; and after sitting down for some time before Da- 
mascus, they returned ignominiously to Europe. It was 
about this time that Noureddin conceived the grand pro- 
ject of rearing an effectual barrier against future crusades 
by annihilating the dominion of the Christians in Palestine, 
and uniting all Syria and the neighbouring districts under 
one government. For achieving such an enterprise his 
character peculiarly qualified him. His pious zeal had 
raised him high in the estimation of his fellow-Moslems ; 
his conscientious frugality specially adapted him for the 
management of military expeditions ; on account of his 
majestic bearing and simple soldier-like manners, he had 
become the darling of his army ; and for his just rule and 
merciful care for the poor and the oppressed, he was re- 
garded as the father of his people. Accordingly, he began 
the enterprise with great vigour and success. Raymond, 
Prince of Antioch, was defeated and slain in 1149; Josceline 
de Courtenay, Count of Edessa, was taken captive soon 
afterwards ; and the whole of Northern Syria became in 
consequence the possession of Noureddin. He then turned 
his attention to the gaining of Damascus. The course of 
events rendered force in this case unnecessary. Anar, the 
able vizier of that kingdom, died; the ruler Modjir-Ed-Deen 
was considered too imbecile to resist the threatened attack 
of Baldwin III., King of Jerusalem ; and in 1 154 the terrified 
inhabitants of Damascus willingly put themselves under 
the jurisdiction of the powerful and benign Emir of Aleppo. 
Noureddin had now extended his dominions around the 
borders of the Latin territories in Palestine, and had thus 
gained a favourable position for carrying out still further 
the great project of his reign. A severe illness, indeed, in 
1159, and a defeat which the Christians inflicted upon him, 
ga,ve a check to his success. But speedily recovering 
himself, he encountered the famous Reginald de Chatil- 
lon, prince of Antioch, defeated him, and took him prisoner. 
Taking advantage also of the distracted state into which the 
khaliphate of Egypt had been plunged by the contention for 
the viziership between two emirs, Shawir and Ed-Dirgham, 
he resolved to extend his influence into that country. 
Sheerkooh, and his nephew Salah-Ed-Deen or Saladin, were 
accordingly despatched at the head of an army to raise the 
former of the rivals to the contested office. At first the 
enterprise was unsuccessful. Shawir, after he had been 
placed in the viziership, refused to fulfil his obligations to 
Sheerkooh, and summoned in the aid of Amaury, the son 
and successor of Baldwin III. The troops of Aleppo were 
besieged in Pelusium, and were forced to capitulate to the 
Christians. At length, however, the tactics of Noureddin 
himself retrieved the declining fortunes of the Moslems. His 
inroad into the state of Antioch recalled Amaury to its 
defence ; the Christian troops immediately oil their anival 
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were routed hear Tiresia with disastrous loss ; and Sheer- Novalis. 
kooh being sent once more into Egypt, succeeded, in 1168, 
in removing the perfidious Shawir by death, and in esta- 
blishing himself as lieutenant of Egypt in the name of his 
master. The schismatic khaliphate of the Fatimites in that 
country was then abolished ; the Egyptians were restored to 
the spiritual jurisdiction of the Abasside khaliph of Baghdad; 
and that chief of the Faithful conferred upon his meritorious 
servant Noureddin the title of Sultan, and the direct in- 
vestiture of Egypt and Syria. Noureddin might now have 
turned his vastly increased resources against the Latin states 
in Palestine, and might thus have achieved the magnifi- 
cent result to which alibis past successes had been tending. 

But the last few years of his life were molested by the 
ambitious intrigues of the able Salah-Ed-Deen, who had 
succeeded his uncle Sheerkooh in the lieutenancy of Egypt. 

He was on the eve of setting out to chastise his rebellious 
subject, when an attack of quinsey brought his days to a 
close at Damascus in May 1173. 

NOVALIS, the literary pseudonym usually applied to 
Friedrich Ludwig von Hardenberg, a distinguished 
philosopher and poet of German)^, who was born at a 
country house of his family in the county of Mannsfeld, 
in Saxony, on the 2d of May 1772. His father, a frank, 
rugged, honest German, had spent his early years as a 
soldier, but was at this time director of the Saxon salt- 
works. The mother of Novalis was “ a pattern of noble 
piety and Christian mildness,'' and her son seems to have 
loved her with the most enthusiastic affection. From both 
his parents, who were attached to the Herrnhut com- 
munion, Novalis inherited that decidedly religious temper 
which continued to be the ruling principle of his life. In 
childhood he was very delicate, and was brought up in the 
most retired manner. He showed no interest in the bois- 
terous sports of youth, and even shunned the society of his 
fellows. He remained in this dull, dreamy condition 
until his ninth year, when a dangerous illness shook his 
faculties from their slumber, and called forth the energies 
of a genius of uncommon power and originality. His ele- 
mentary education was now prosecuted with great success; 
and he displayed an extraordinary fondness for history and 
poetry. The Traditionary Tale {Mdrcheri), which he after- 
wards continued to admire, had at this early stage a peculiar 
charm for him ; and one of his earliest literary endeavours 
was a composition of this sort, written for the amusement 
of his brothers and sisters. After a few months at a gymna- 
sium, he repaired to Jena in 1 790, where he prosecuted his 
studies for three years. He then removed with his brother 
Erasmus to the university of Leipsic, and after spending 
a season there, went to Wittemberg to complete his edu- 
cation. It seems to have been Jena, however, which 
exerted the most marked influence over his development. 

Here he first met Friedrich Schlegel, and it was here he 
first listened to the lofty eloquence of Fichte. The Wis- 
senschaftslehre^ or Doctrine of Science, of that distinguished 
thinker, was studied by Novalis with singular avidity. The 
charm of its refined idealism attracted the sympathies of 
an intellect of surprising subtil ty ; the stern grandeur of its 
morality called forth the enthusiasm of the youthful ro- 
manticist ; and the burning eloquence and calm dignity of 
the teacher carried conviction to the heart of the student. 

The philosophy of Fichte formed accordingly the ground- 
work of all the subsequent speculations of Novalis. The 
Kantian distinction, and even occasional antagonism, of 
the Understanding and the Reason, is carried by him into 
all departments of mental development — into poetry, virtue, 
and religion. He learned to despise with the transcen- 
dentalists the dull, blind, pedestrianism of the Understand- 
ing, and sought to gain the citadel of truth by following 
the clear, steady light of the higher Reason. The whole 
of his Writings have a constant reference to this specula- 
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Novalis. tive theory^ and can only be studied in the light of it. 

After displaying a strong predilection for a military life, 
his friends succeeded in prevailing on him to follow his 
father’s occupation ; and he accordingly removed to Arn- 
stadt in Thuringia in 1794, to train himself for business. 
Having remained a year there, he was appointed auditor of 
the department of which his father was director, and took 
up liis residence at Weissenfels. In the year 1797 events 
occurred which, according to his biographer Tieck, gave a 
shock to his whole nature, and imparted a gloomy com- 
plexion to his thoughts, from which he was not desitined to 
recover. During his residence at Arnstadt he had become 
enamoured of a fair, delicate German girl, possessed of 
uncommon attractions, but with health exceedingly fragile. 
He had hardly known lier a year when the chill spring 
winds came and withered the fair flower ; and ere he had 
time to dry his tears, he had to follow the remains of his 
biotlier Erasmus to the grave. It was during this year 
that the greater number of those remarkable pieces of 
Novalis, called Hijmns to the Night, were composed. Not 
a few of his Fragments also belong to the same period. 
In 1798 he removed to Freyberg to study mineralogy 
under the famous Werner. In the mathematical and physical 
sciences he took an eager interest; and if Mve may judge 
from the fragmentary papers which he has left, he seemed to 
have prosecuted the study on a great and original principle. 
He put together about this time his unfinished ‘‘physical 
roma\me” of Lelirlinge zu Sais, or the Pupils at Sais, so 
full of strange poetized philosophy and shadowy allegorical 
allusion. While here he formed another betrothment, 
destined like the first to be cut short by death. On his 
return to Jena he made the acquaintance of August Wil- 
helm Schlegel and Tieck, then engaged in the famous 
literary campaign in behalf of what is generally known as 
Romanticism. Tieck “ re-awakened poetry in him,” Ijc 
says ; and it was in conjunction with these men, whose 
cause he ardently espoused, that Novalis first presented 
his thoughts to the world. He contributed his Blutlmis- 
taub, or Pollen of Flowers, together with numerous poeti- 
cal pieces, to the Musen-Almanach of F. Schlegel ; and 
composed about the same time his Geistliche Lieder, or 
Spiritual Songs, so remarkable for simjde sublimity and 
still, devout pathos. In addition to his passionate love of 
nature, these were perhaps his highest poetic gifts. In the 
summer of 1800 we find him living at a solitary spot at 
the foot of the KyfFhauser Mountain in Thuringia, busily 
engaged on bis art romance of Heinrich von Ofterdingm^ 
designed, as he said, to be an “ apotheosis of Poetry.” It 
was never completed, however, and was ere long published 
in its unfinished state. In his prose style he generally aims 
at ‘Simplicity and directness — qualities not always to be 
found in his poeti-y. Indeed, it may be questioned whe- 
ther, with' all the wealth of a truly regal genius, lie was 
possessed of the highest faculties of the poet. If in. the 
rich strength of his theosophic mysticism he resembles an 
oriental, the likeness is increased when we regard the soft 
■ passiveness of his mind and character. Carlyle, who calls 
him the “ German Pascal,” says, “ The chief excellence we 
have remarked in Novalis is his, to us, truly wonderful 
subtlety of intellect ; his power of intense abstraction, of 
pursuing the 'deepest and most evanescent ideas through 
their thousand complexities, as it were with lynx vision, 
and to the very limits of human thought.” [Miscellanies, 
voL ii., p. 95.) In August 1800, while Novalis was pre- 
paring ‘for a journey to Freyberg to bring home his fae- 
tnrothSt^ jbe was seized with a spitting of blood, which ended 
in a^pid decline. Hope, gladness, and rich expanding 
activity ' had just begun to make life desirable to him, when 
death came with the spring of 1801, and ended his strange 
career, at the premature age of twenty-eight. A Life of 
Novalis, by his friend Tieck, will be found prefixed to 


Novalis Schriften, herausgegehen von Litdicig Tieck und Kovara 
Friedrich Schlegel, 2 vols., Berlin, 1802, and since fre- || 
quently republished. A new edition of his Works, with Ifova 
various additions previously unpublished, appeared at Berlin 
in 1846, under the care of Tieck and Bulow. 

NOVARA, a town in the Kingdom of Sardinia, capital 
of a division and province of the same name, stands on a 
rising ground between the Agogna and the Terdoppio, 

53 miles E.N.E. of Turin. It is well built, containing 
several good and well-paved streets; and was formerly 
surrounded by walls, but these have now nearly all dis- 
appeared. The cathedral is an ancient and handsome 
building, with a square tower surmounted by a cupola, 
and contains in the interior several fine paintings and 
sculptures. The church of St Gaudenzio is likewise a 
fine structure, and contains one of the best paintings of 
Gaudenzio Ferrari. Besides these and other churches, 
Novara contains public offices, a town-house, court-house, 
an episcopal palace and seminary, several upper schools, a 
theatre, hospital, barracks, and market* house. Tlie manu- 
factures of the place are not very extensive, and consist 
chiefly of leather, cotton clotli, candles, starch, pottery, 
and biscuits. The principal trade is in silk and rural pro- 
duce, for the latter of which Novara is the chief emporium 
in Piedmont. Near the town a battle was fought in 1849, 
in which the Sardinians were totally defeated by the Aus- 
trians under Radetzky. Tlie result of tliis engagement 
was the resignation of the crown of Sardinia by the king, 

Carlo Alberto, and the renunciation of the Sardinia claims 
on Lombardj^ Pop. about 16,000. 

The division of Novara is bounded on the N. by Switzer- 
land and the Alps, E. by Lake Maggiore and the Ticino, 

S. by the Po, and W. by the divisions of Turin and lvr6e. 
Towards the N.W. it is occupier! by the branches of the 
Alps ; but the greater part consists of a fertile plain, watered 
by the Fosa, Sesia, Terdoppio, Agogna, Ticino, and other 
smaller streams. Corn, rice, hemp, pulse, &c., are grown 
here ; and on tlie higher regions the vine is largely eulti- 
vatetl. The division of Novara is subdivided as follows 


Provinces. 


Aron in sq . nules. 

Pop. (1848). 

Novara 


033 

178,009 

Lomolllna.,.. 



139,049 

Pallanza 


312 

04,030 

Ossola 


520 

30,331 

Valscsia 


290 

35,879 


Total . . . 


453,958 


NOVA SCOTIA, a British province of North America, 
situated betw^een N. Lat. 43. 25. and 46. 0,, and W. Lon. 

61. 0. and 66.30., and connected with the S.E. part of the 
continent by an isthmus of only 8 miles in width. It is 
bounded on the N. by the Strait of Northumberland, which 
divides it from Prince Edward’s Island ; on tlie N.E. by the 
Gut of Canseau, which interposes between it and the island 
of Cape Breton ; on the S. and S.E. by the Atlantic Ocean ; 
on the W. by the Bay of Fundy ; and on the N.W. by New 
Brunswick. Its extreme length, from Cape Canseau on the 
E. to Cape St Mary’s on the W., is about 280 miles ; but its 
breadth varies from 50 to about 100 miles ; and it contains 
a superficies of 15,607 square miles. From this, however, 
about one-fifth may be deducted for lakes, arms of the sea, 
and rivers, leaving about 8,000,000 acres of land, the greater 
part of which is still uncleared, and covered with forests. 

The most remarkable charactex'istic of this peninsula is Surface, 
the numerous indentations along the coasts. The shores 
are lined with rocks, and studded with thousands of small 
islands; and close to these, and in the harbours, almost 
without exception, there is a considerable depth of water. 

All along the S.E. shore there is a succession of noble har- 
bours ; and vessels sail amongst and within the myriads of 
islands which line the coast during the most blustering 
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Hova weather, thus enjoying comparatively smooth water, w'hilst 
Scotia, the main ocean heaves in violent agitation. The principal 
inlets are Sheet Harbour, Halifax Harbour, Margaret’s 
Surface. Bay, Mahon Bay, Shelburne Harbour, on the Atlantic; 

St Mary’s Bay, 10 miles broad and 35 long; Annapolis 
Basin, 10 miles in length, and from 1 to 4 in breadth; 
Mines Basin, 50 miles long, and 16 broad at the widest 
part, on the Bay of Fundy, which is terminated by Chig- 
necto Bay, between Nova Scotia and New Brunswick; 
Pictou Harbour, on Northumberland Strait St George’s 
Bay, on the Gulf of St Lawrence ; and Cliedabucto Bay, 
on the Gut of Canseau. Between Halifax and Cape Can- 
seau there are said to be no less than twelve harbours capable 
of accommodating ships of the line, besides fourteen others ac- 
cessible for merchantmen. The interior of the country is 
very agreeably diversified with hill and dale, river and lake, 
forest and grassy plain. The surface, although undulating, 
is not mountainous; the highest land, Ardoise Hill or 
Arthur’s Seat, being only 810 feet above the level of the 
sea, nearly the same height as Arthur’s Seat at Edinburgh. 
The high lands generally run parallel to the coasts, branch- 
ing off in all directions, and in some instances terminating 
in bold cliffs on the coast, the most remarkable of which is 
Aspotagoen, between Mahon and Margaret’s Bay, which is 
about 500 feet in height. A tract of rugged and hilly 
country stretches along the shore of the Atlantic, varying 
in breadth from 20 to 60 miles, and having an average 
height of about 500 feet. The North Mountains, which 
are washed by the Mines Basin, extend along the coast of 
the Bay of Fundy, and terminate in Cape Blomidon; and 
parallel to these run the South Mountains in the interior 
of the peninsula. The Cobequid Hills, extend from the 
northern shores of Mines Basin towards Northumberland 
Strait, having a breadth of 10 miles, and a height of about 
800 feet. There are several remarkable caverns and grottoes 
in Nova Scotia, one of which, at St Peter’s Point, on the 
coast of the Bay of Fundy, displays in the interior a spacious 
hall, the roof of which is fretted with stalactites. 

Rivers and The interior of Nova Scotia is intersected and watered 
Lakes. j|jy numerous rivers, lakes, and streams, which beautify 
and enrich tlie country. The two largest rivers are the 
Annapolis and the Shubenacadie. The former takes its 
rise in King’s County, and, running parallel with the Bay of 
Fundy, after a long and serpentine course, in which it 
receives the Moose and Bear Rivers, discharges itself 
into Annapolis Bay. It is navigable to a considerable ex- 
tent, and its banks present a rich and pleasing landscape. 
The Shubenacadie, issuing from the Grand Lake in the 
county of Halifax, divides that county from Hants, and, 
after a rapid and circuitous course, the length of which has 
not yet been accurately ascertained, discharges itself into 
the Bay of Mines. It receives the waters of ten other 
rivers, is navigable for large vessels a long way into the in- 
terior, and contains on its banks inexhaustible quantities of 
gypsum and lime, together with extensive groves of fine 
timber. At Pictou, three rivers, navigable for large ves- 
sels, empty themselves into the harbour ; the East, West, 
and Middle Rivers. Besides these, there are the Avon, 
navigable for a considerable distance ; the La Have, which 
issues from a chain of inland lakes, and has a course of 
about 60 miles; the Mersey, which winds from Lake 
Rosignol through the Queen’s county, and discharges itself 
into Liverpool Harbour ; the Medway, the Shelburne, the 
Clyde, the Tusket, the St Mary, and others, all of which 
owe their origin to lakes in the interior. A canal, called 
the Shubenacadie Canal, together with a chain of lakes, 
forms a communication by water across the peninsula from 
Halifax Harbour to Cobequid Bay, at the head of the 
Mines Basin. The most extensive still sheet of water is 
the Rosignol, situated partly in each of the three counties 
of Queen^ Shelburn, and Annapolis.. It is said to be 30 


miles in length, but is little known. Lake George is also I^’ova 
of considerable size; and there are innumerable others Scotia, 
which it is unnecessary to mention. 

The climate of Nova Scotia was for many years after its Climate, 
discovery considered as an insuperable barrier to agricul- 
tural industry, and an idea long prevailed in England that 
it was peculiarly the region of snow and fog. The tempera- 
ture is indeed colder in winter in this peninsula than it is 
i*n Great Britain ; but when the weather is cold it is usually 
dry ; and altogether the winter is milder, and the summer 
less intensely hot, than at Quebec. The summer heat is 
moderate and regular ; the autumn is a delightful season ; 
and there is seldom any severe winter weather until the end 
of December. Frost continues generally from Christmas 
to April, and the spring is of very short duration. The 
temperature varies during the year from -6° or 8° Fahr. 
below zero, to 80® above it, the average of the coldest 
month at Halifax being about 20°, and that of the hottest 
about 70®. Like other parts of North America, however, 

Nova Scotia is subject to sudden changes of temperature, 
sometimes as much as 50° in twenty- four houi*s. The mild- 
ness of the climate seems to be owing in some degree to 
the influence of the gulf-stream, which prevents the har- 
bours on the Atlantic from being frozen up in winter like 
those on the northern coast. 

There is a great variety of rocks in Nova Scotia, but Geology, 
granite, trap, and clay-slate predominate. The most 
abundant variety is the gray granite, which, together with 
gneiss and mica-slate, prevails along the shore, and is 
well adapted for mill-stones. Trap rocks, sometimes im- 
bedded in clay-slate, protrude in various places in im- 
mense parallel ridges above the surface, and frequently in 
piles of loose masses heaped confusedly together, traversed 
frequently by veins of quartz. Clay-slate of a very fine 
quality, and used as a building stone, prevails in the eastern 
section of the colony ; and graywacke and graywacke-slate 
extend along both shores of Cliedabucto Bay, in which are 
found beds of limestone and numerous specimens of specular 
iron ore. In connection with carboniferous limestone are 
found, both in Cape Breton and Nova Scotia, those im- 
mense coal-fields which are supposed to rival in extent the 
mines of the mother country. The coal is of a bituminous 
character, and entirely different from that which is found in 
the United States, east of the Appalachian Mountains. It 
is of various kinds, some of which are well fitted for the 
use of the smith, others for that of steamboats, and others 
for gas-making. In the coal formations of this country 
there is also found an immense quantity of gypsum, which 
is largely exported to the United States. Varieties of 
copper, iron, and lead ores are also abundant; and dif- 
ferent other minerals of less importance are found. Fine 
specimens of agates, amethysts, chalcedonies, jaspers, and 
other stones, are obtained in Nova Scotia. Salt springs, 
some of them strongly impregnated with saline matter, are 
met with near Pictou, at River Philip, and some other parts. 

The wild animals are the moose, carriboo, bear, lynx, Zoology, 
fox, marten, otter, mink, beaver, musk-rat, porcupine, ra- 
coon, weasel, squirrel, hare, and the like, all of which, ex- 
cepting the two last, have rapidly decreased in number. 

Nearly all the birds common to North America frequent 
Nova Scotia ; and there are but very few kinds of fish 
which are found in the American seas that do not frequent 
the shores of this colony in vast swarms. The lakes and 
rivers abound in trout and salmon. 

The soil is of many different qualities, and various Soil, 
degrees of fertility. The alluvial or intervale lands, of 
which there are extensive tracts, are rich, and produce 
plentiful returns of wheat, barley, oats, Indian corn, pota- 
toes, turnips, with all the vegetables and fruits common in 
England. Some of the uplands, lying between the hilly 
country and the rivers, are light and poor ; whilst the high 
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Jands are rich and very productive. The lands on tlie At- 
Scotia. laintic coast are generally so rocky as to admit of cultivation 
only at much expense and labour ; hut after the stones are 
removed, the soil is by no means barren, 'riie forests of 
Nova Scotia still constitute a prominent feature of the 
country. The trees are the same as those common to 
America, and the timber is generally large and loft 3 ^ 
Agricul- Agriculture is carried on to a considerable extent in 
ture. Nova Scotia. The cultivated ground consists partly of 
the rich alluvial marshes on the shore of the Bay of Fundy, 
and partly of tlie uplands in the interior of the country. 
The former kind of ground, which has been recovered from 
the sea by means of dykes, was estimated in 18oO to 
amount to 40,012 acres; and the latter to 799,t3 10 acres. 
The produce in 1852 was 297,157 bushels of wheat, 
196,097 of barley, 61,438 of rye, 1,384,437 of oats, 1705301 
of buckwheat, 37,475 of maize, 21,638 of pease and beans, 
3686 of grass seeds, 1,986,789 of potatoes, 467,127 of tur- 
nips, 32,325 of other roots, 287,837 tons of liay, 3,613,890 
Ib. of butler, and 625,069 lb. of cliecse. The amount of 
live stock in the same year was 28,789 borse.s 156,857 


neat cattle, 86,856 milch cows, 282,180 sheep, and 51,533 
swine. 

Sable Island, although distant about 85 miles from 
Nova Scotia, is considered as belonging to that jmo- 
vince. It lies directly in the track of vessels bound to 
or from Europe, and has been the scone of numerous 
and melancholy shipwrecks. It is 25 miles in length, 
by about IJ in breadth, the eastern end being in Lat. 
43. 59. N., and Long, 59. 45. W. It is a barreii 
desert throughout, the soil consisting duofly of sand, 
and the only vegetable productions being a coarse grasi? 
and some wild pease. A sum, which amounted in *1854 
to L.1977) is annually devoted to keej)ing on the 
island a superintendent from Nova Scotia, witli a party of 
men provided with provisions and other necessaries, for the 
purpose of affording assistance to any shipwrecked mariners, 
of whatsoever nation, who may be driven on its inhospitable 
shores. There is a small stock of cattle on the island, and 
a large number of wiki liorses, but the chief supplies of food 
arc obtained from Nova Scotia. 


turcs and 
commerce. 


The manufactures are few in number, consisting pnii- 
cipally of coarse cloth, flannel, carpets, hats, paper, to- 
bacco, leather, spirits, and agricultural iniplcmcuts. The 
province contained in 1850, 1153 saw-mills, efnjdoying 17H(> 
hands; 386 grist-mills, employing 43Y liaiids; 10 steam- 
mills; 237 tanneries ; 9 foundries ; 81 carding and weaving 
establishments ; 17 breweries and distilleries ; and 131 other 
manufactories of various sorts. In tlie same year there were 
raised in Nova Scotia 114,992 chaldrons of coal ; there 
were quarried 79,795 tons of gypsum, valued at L.10,498 ; 
28,603 casks of lime, valued at L.4433, were burned; 
2,845,400 bricks, valued at L.32] 1, wore made ; and 
110,441 lb. of maple sugar were produced. In the same 
year the value of leather manufactured was L.52,(>‘i.5 ; of 
boots and shoes, L. 73,654 ; of iron smelted, L.4G3.j ; of 
castings, L.3486; of soap, L,28,277; and of candles, 
L.21,2l0. Ship-building is also carried on in Nova Scotia. 
The number of vessels constructed in 1854 was 244, and 
their tonnage 52,814. Besides farming, the chief occupa- 
tion of tlie inhabitants is fishing ; and sonic combine both 
pursuits. There were in 1851 employed in the fisheries of 
Nova Scotia and Capo Breton 812 vessels^ with a tonnage 
of 43,333, and manned by 3681 men; 5161 boats, with 
6713 men ; and the number of nets and seines was 30,154. 
The quantity of fish cured was 196,434 quintals ; and there 
obtained 1669 barrels of salmon ; 3536 of shad ; 

5 1 r ’ 63,200 of herring ; 5343 of alewives; 

and 16,409 boxes of smoked herrings, valued at L.21 7,270 ; 
M well as 189,250 gallons of fish oil, valued at L.1 7,754. 
Ihe total value of the fisheries is estimated to exceed 


L.200,000. The ex])orts of the province consist principally w 
of fish, sugar, ^ moLissos, rum, cotton and woollen goods ScotU 
timber,^ &c. TIio total value of tlic exports in 1854 was 
L. 1,247,668. The principal articles imported are flour 
sugar, tea, manufactured goods, kv.; the total value of 
the imports in 1854 was L.l,79l,OS2, The number and 
tonnage of the vessels that entered and cleared in 1851 
were as Ibllovvs : — 



Hnt*'rcd. 

Cloavod* 1 


— 



— 


Shi] '4. 

Toth. 

Shiits, 

Tons. 

United King(b>m ...... 

107 

•17,74; 

71 

38,728 

IJritish Colonies 

.... 1-U7 

101,011 

ifi'i.'i 

i;i3,ao7 

IbiitCMl Htiites 

IASI 

Io0/i7t) 

1430 

102,202 

Other Countries ....... 

267 

2S.008 ; 

H2 j 

13,501 

Total 

3402 

3 10,030 I 

3247 

338,038 


The exectitive [)Ower in Nova Scotia is in the hands ofaGovern- 
lieutenant-governor, ami a comuul of six membsre. 
legislature consists of a council of nineteen, ap[)ointed by 
the governor, subject, to the a})pro\iil t»t tlie crown; and a 
House of Asseml)ly, t)f fifty-one mernher.s, elected by the 
people. The system of n‘?ponsihlt‘ government has been 
established in Nova Scotia since IHIK. The lieutenant- 
governor has a salary of L.3()00 ii-yeur. The judicial 
establishment consists of a suprenu^ court, composed of 
a chief-justice ami four assistant judges ; which sits at 
Halifax three times a-ycar. aud makes two annual circuits 
of the priwince ; a taairt of t-rror, r<»uipost <l of the lieu- 
tenant-governor ami exteutive comu-il; a court of chan- 
cery ; courts of general ses-nions <4* the peace ; courts of 
vice-admiralty; a couit of marriage ati<l divorce; and 
courts of* probate, 'fhe religion is Kjnscopa- Religion, 

lian ; Nova Seotia was created a dioci'se in 1787, and has 
a !)ishop, an archdeacon, and fifty otlur clergymen; the 
two fir.st being supported by an tsulmunent from the home 
government, aiul the otluTS by the Soeti'ty for the Propa- 
gation of the (*OHpel. 'fhe nunmnt (d* public expenditure 
for eeelesiaM leal fnirpo>e*' in 1854 w.ih L.36H7. There isa 
Synod <if Xi>va Semia in connection with the ICstablislicd 
C'lmrch of Scotland, and various churches in connection 
with the luve (‘hurclj of Sc<aland and the United Presby- 
terian Ulmreh. 'Phe Punnan ( atlmlic C'hurch has two dio- 
ceses, Nova Seotia and (ape Ih‘t*ton, nithin the province. 

The whole number of elmrehes in 1851 wa.s 567 ; and the 
adherents of the varunis demanlnation'r were as follows : — 

(‘hurt-h of KagUtnl IHptiHtn 42,243 

(‘hurchof .Svotlaml 23,59() 

Kr«<j (-Imrch of .Scoibitui,. Congr»*;oitU)»alibts......... 2,639 

Pnisbytcrittin? 28,767 huthvnoH.. 4,087 

Kom.m 00,03^ * Other 4,660 

Nova Scotia contains hcveral college.s, besides inferior Education, 
educational cj^tabiishmeiUs. King's Odlege at 'Windsor 
resemhles the English tmiversities, and Dallmusie College 
at Halifax those of Scotland. There are also a PVec 
Church college, a Baptist college, and a Homan Catholic 
college. None of the attempts which have been made to 
unite some of these colleges into a uuiver.sity has proved 
successfuL Each of the counties in the province has a 
grammar school ; and the total number of scliools in Nova 
Scotia in 1851 was 1096, attended by 31,354 scholars. The 
amount of public money expended on education in 1854 
wc^L. 13,401. 

The military forces of the province consist of twenty-six Army, 
regiments of militia, 26,248 strong, but which might soon 
be raised to nearly double that number. Besides tins, 

Nova Scotia is protected by two or three regiments of the 
line, which are always stationed in the garrison towns, and 
by the visits during the summer of the squadron of the 
Royal Navy. The principal fortifications in the province 
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Novatianusare at Halifax, at Windsor, at Annapolis, and at Cape 
Breton. The revenue is chiefly derived from a duty on 
InhaM- imported goods, and amounted in 1854 to L.lflGjSOl, 
tants. while the expenditure for the same year was L. 169, 1 59. 

The inhabitants of Nova Scotia consist of English, Scotch, 
Irish, Americans, Germans, Swiss, Acadian French, Indians, 
and freed Negroes. They mingle and live together in much 
harmony, and generally the social state of the province is 
rapidly improving. Its prosperity has greatly increased ; 
and, instead of importing, it now exports provisions. Its 
fisheries, to which proper attention is at length paid, its rich 
and prolific soil, and its mines of coal and iron, are sources 
of wealth which were too long neglected by Great Britain. 

The province is divided into eighteen counties, including 
Cape Breton, as follows : — 


Counties. 

Halifax 

Pop. (1851). 

39,112 

Capitals. 

Lunenburg 



Queen’s 

7,256 


Shelburne 

10,622 


Yarmouth 

13.142 


Higby 

12,252 

Digby, 

Annapolis 

14,286 


King’s 

14,138 


Hants 



Cumberland 

14,339 


Colchester 

15,469 


Pictou 

13,467 


Sydney 


Guysboro’ 



Inverness 



Richmond 



Cape Breton 1 

27,580 

r Sydney. 

Victoria J 

’ * ‘ \ Bedeque. 

Total 


..... Halifax. 


History, ' Our limits will only admit of a brief abstract of the his- 
tory of Nova Scotia. Ancient authorities state that it was 
discovered by the Cabots in 1497 ; but it was not until 
1604 that the French attempted to form settlements. They 
were, however, expelled from it in 1614 by the English 
colonists of Virginia, who claimed the country in right of 
the discovery of Sebastian Cabot. In 162r^ir William 
Alexander obtained a grant of the whole peninsula, and it 
was named in the patent Nova Scotia, instead of Acadia, 
as the country was called by the French. In the mean- 
time the latter obtained a footing in it a second time ; and 
it was not until 1654, when a strong force was despatched 
by Cromwell, that the French settlers were brought under 
subjection. In 1667 Nova Scotia was ceded to France by 
the treaty of Breda ; but, after suffering during the war 
which broke out in 1701, as well as previously, it was finally 
ceded to England by treaty in the year 1711. From this 
period till 1749 it was neglected by Great Britain ; but the 
designs of the French called the attention of government 
to the province. Encouragements were held out to settlers ; 
Parliament gave a large grant ; and about 4000 adventurers, 
with th'eir families, embarked for the colony. Halifax was 
immediately founded ; but the French settlers, under the 
name of neutrals, were still very numerous ; and, with the 
aid of the Indians, they inflicted repeated injuries upon 
the British, until they were forcibly expelled by the latter. 
In 1758 a constitution was granted to Nova Scotia; and 
the capture of Louisburg, in the island of Cape Breton, 
during the same year, gave additional security to the colony, 
which now began to improve. By the treaty of Paris, 10th 
of February 1762, France resigned all furtlier claims on 
any ofher former possessions in North America, and nothing 
of any material importance has since occurred. New 
Brunswick and Cape Breton were separated from Nova 
Scotia, and formed into two distinct governments, in 1784, 
but the latter was re-annexed to Nova Scotia in 1819. 

NOVATIANUS, the founder of the sect of the Nova- 
tians, was, according to Philostorgius, a native of Phrygia, 

VOL, xvi. 


and was born about the beginning of the third century, 

The religious intolerance of his opponents has falsified his Zembla. 
life, and has represented him as little else than a hypocritical 
time-server. But the account which is most consistent 
with the growth of his peculiar opinions is the following 
His conversion took place after an intense mental struggle, 
and he was baptized when he was lying on a sick-bed, in 
hourly expectation of death. On his recovery, his religious 
sentiments retained a tinge of that gloom under which they 
had sprung into life. Admitted into the priesthood, he de- 
voted himself to the severe theological studies and the 
ascetic penances of the cloister. It is not surprising, then, 
that his spirit was shocked at the easy terms on which those 
who had relapsed into idolatry during the Decian persecu- 
tions were re-admitted into ecclesiastical communion. He 
began to maintain boldly that the church had no warrant 
from Scripture to pardon the sins of those who, after their 
baptism, had sacrificed to idols : that her sole duty in this 
case was to exhort them to repentance, and to commend 
them to the mercy of God. The learning, eloquence, and 
virtuous life of the new reformer soon drew a party around 
him. Among others, Novatus, a Carthaginian priest, joined 
the dissentients, and by his hot-headed zeal speedily burned 
the controversy into an open schism. Advantage was taken of 
the martyrdom of Fabianus, Bishop of Rome, in 250, to dis- 
own the authority of Cornelius, the successor to the vacant see, 
and to set up N ovatianus as his rival. The result was, that at 
a council convened at Rome in 251, the Novatians and their 
leader were excommunicated. Thus compelled to organize a 
new sect, the heresiarch set himself to develop his peculiar 
opinions. The following became the distinguishing tenets of 
his creed : — (1.) That not only sacrificing to idols, but all 
mortal sins, such as adultery and temporizing in any way 
with idolatry, ought to debar backsliders from re-admission 
into the church. (2.) That if this regulation were not 
maintained, the church would become defiled, and would 
no longer be (as it ought to be) a community of believers 
who had never fallen since their baptism into any other 
than venial offences. This testimony Novatianus is said 
to have sealed with his blood. After his death, his fol- 
lowers, in spite of much persecution, rapidly increased and 
spread themselves over Christendom. They continued to 
vindicate their right to be considered the true church, by 
calling themselves KaOapoC {Puritans\ and by re-baptizing 
all proselytes from other Christian sects. However, they 
did not maintain their existence as a separate sect for much 
longer than two centuries. 

Of the several works in which Novatianus displayed his 
methodical reasoning, his pure and elegant diction, and his 
animated style, three authenticated writings alone remain. 

These are a letter written in the name of the Roman clergy 
to Cyprian in 250, and two treatises entitled respectively 
De irinitate, and JDe Cibis Judaicis, They have been 
published collectively by Welchman, 8vo, Oxford, 1724, 
and by Jackson, 8vo, London, 1728. The two treatises are 
also generally found in the editions of Tertullian. 

NOVA ZEMBLA, or Novaia Zemlia, a name which 
signifies in Russian “ New Land,” is applied to an island, or 
rather chain of islands, in the Arctic Ocean. It extends 
from N.N.E. to S.S.W., curving slightly towards the W., 
and lies between N. Lat. 70. 30. and 76. 30., E. Long. 51. 

30. and 77. It is washed on the W. by the Spitzbergen 
Sea, and on the E. by the Kara Sea ; which, along with 
Burrough*s Strait, separates Nova Zembla from the conti- 
nent and from the island of Vaigats. Its whole length is 
about 500 miles, with an average breadth of about 50. 

The most southerly island of the chain is separated from the 
rest by a strait called Matochkin Shar, or Matthew’s Strait ; 
and farther to the N. there is another strait called Cross 
Bay, which divides itself into several arms, and forms other 
small islands. The southern island alone is properly called 

23 : 
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Novel Nova Zembla ; the middle one, which is much smaller, is 
II known by the name of Matthew’s Land ; while to the 
Novgorod, Yie Liitke’s Land and Barent’s Land, believed to 
form one continuous island. The eastern shores of all the 
islands are low ; but on the W. the land is mountainous, 
rising in general 2000 feet above the sea, and the highest 
summit, near Matthew’s Strait, is 3475 feet in height. The 
formation of the mountain is for the most part black clay- 
slate; and in the southern islands grey limestone, like that 
of the northern part of the Ural chain. The climate of 
these islands is indicated by the following table : — 


Place. 

N. Lat. 

Et Lon* 

Mean An- 
nualTemp- 

Moan Sum- 
mer Temp. 

Mean Win- 
ter Temp. 

South extremity. 
Matthew’s Strait. 
Cross Bay 

70, 37. 

73. 0. 

74. 0. 

57. 47. 

57. 20. 

58. 0. 

14°-99 

16-93 

20*74 

36®-69 

38*49 

36*60 

3°*21 

2*29 

9*78 


The vegetation is very scanty, consisting only of mosses 
and lichens ; in many parts the ground is quite barren ; and 
notwithstanding the long continuance of the sun above the 
liorizon, the soil is never thawed more than a foot or two 
deep. Animal life is as scarce here as vegetation. Nova 
Zembla is often visited by fishermen from Archangel in 
pursuit of the walrus. It was visited at an early period by 
the Russians, but was first brought into notice by Steven 
Burrough, who made a voyage thither in 1556. The west 
and part of the east coast were visited in 1596 by the 
Dutch navigator Barents; and several Russian expedi- 
tions have been sent out from Russia within the present 
century to explore the islands. 

NOVEL. See Romance, part ii. 

NO VELD A, a town of Spain, province of Alicante, and 
15 miles W. of the town of that name. The streets are 
pretty regular, and the houses, which are mostly of stone, 
are generally well built. Some trade in fruit and agricul- 
tural produce is carried on ; and after agriculture, distil- 
leries and oil-mills principally afford employment to the 
population, which amounts to about 9000. 

NOVELLARA, a town of Northern Italy, duchy of. 
Modena, and 16 miles N.W. of the town of that name. 
It is the capital of a principality annexed to Modena in 
1737 ; and carries on some silk and leather manufacturCsS. 
Pop. 4100. 

NOVEMBER, the eleventh month of our modern 
year, was the ninth in the old Roman calendar. On this 
account the name November or Novembris (from novem, 
nine) was assigned to it in the Alban calendar. It consisted 
originally of thirty days, but Julius Caesar added one to it 
Augustus, however, again reduced it to its original number, 
which it has ever since retained. (See Calendar.) 

NOVGOROD, or Novogorod, a government of Rus- 
sia, lying between N. Lat 57. 18. and 61. 8., E. Long. 
30. 10. and 39. 40. ; and bounded on the N, by Olonetz, 
E. by Vologda and Yaroslaw, S. by Tver, and S.W., W., 
and N.W. by Pskov and St Petersburg ; area, 46,833 
square miles. The country is diversified with hills, valleys, 
plains, marshes, rivers, and lakes; the northern part is 
in general low and flat ; but in the south the Valdai hills 
stretch for about 100 miles from S.W. to N.E., though 
these do not exceed 300 feet in height. The principal 
rivers are the Msta, which enters the government from 
Tver, flows north-west, and falls into Lake Ilmen; the 
Lovat, Pola, and Schelen, which fall into the same lake ; 
the Volchov, which flows from that lake into the Ladoga 
Canal; the Schekona and Vologda, tributaries of the Volga; 
and the Sias and Buscha, which fall into Lake Ladoga. 
There are altogether in the government forty-two rivers, 
and fifty-five small, besides three large lakes. Of these 
last, the most extensive is the Bielo Osero, or White Lake, 
in the north-east, which is 26 miles in length, about as 
much in breadth, and 432 square miles in extent. Lake 


Ilmen, near the western extremity, has a length of 26 miles? Novgorod 

a breadth of 16, and an area of 346 square miles ; and Lake v ^ 

Vosche has a length of 14 miles, and an area of 177 square 
miles. There is a canal, 5 miles in length, connecting the 
rivers Msta and Volchov, by which navigation is carried 
on without passing through Lake Ilmen, as that extensive 
sheet of water is liable to dangerous storms. The soil in 
the southern parts is good and productive ; but in the north 
it is very swampy, consisting for the most part of peat bogs. 

The climate is cold, and the winter long, lasting from No- 
vember to May ; while in the northern parts the cold is 
extreme, and the winter about a month longer than in 
the south. A large part of the land is covered with dense 
forests of pine, fir, birch, alder, elm, and other trees, which 
supply abundance of timber for export, and give shelter to 
gi-eat numbers of deer, elks, bears, wolves, lynxes, and other 
wild animals. The people are chiefly engaged in agricul- 
ture ; and the principal crops are rye, barley, oats, buck- 
wheat, potatoes, pease, flax, and hemp. Although there is 
much fine pasture ground, the inclemency and length of the 
winters prevent the rearing of more cattle than is necessary 
for farming ; horses, oxen, and sheep of the common Rus- 
sian breeds, and a few goats and pigs, are kept. Next to 
agriculture, fishing is the most general occupation of the 
people ; it is carried on with great success on the lakes 
and rivers. Coal, iron, freestone, slate, lime, marl, &c., 
are among the mineral produce of Novgorod; and there 
are also good salt springs. The manufactures are not very 
extensive ; and consist of coarse linen, soap, candles, potash, 

&c. Distilling, iron-smelting, and bell-making are also 
carried on. The exports of the province consist entirely 
of home produce, especially corn, hemp, flax, ii*on, timber, 
salt, hides, and furs. The principal place of trade is Nov- 
gorod, the capital. The government is divided into ten 
circles. Pop. (1846) 907,900. 

Novgorod, the capital of the above government, stands 
on the Volchov, where it issues from Lake Ilmen, 120 
miles S.S.E. of St Petersburg. It is one of the most 
ancient towns in Russia, having been founded in the fifth 
century of the Christian area by the Sclavonians, who had 
long previously invaded Europe, and followed a wandering 
mode of life. Their government was at first democratic, 
but dissensions having broken out and greatly weakened 
their power, Ruric was invited in the ninth century to 
assume the government, and he established at Novgorod 
the original foundation of the Russian monarchy, the seat 
of which was soon afterwards removed to Kiev. Novgorod 
afterwards acquired many privileges from the Russian arch- 
dukes ; and in the twelth century became an independent 
republic under a hereditary magistrate of limited power. 

In the thirteenth century a factory of the Hanseatic League 
was established here; and for a long time Novgorod was 
the most important commercial city in the north-east of 
Europe. Its fairs were resorted to by the Hanse merchants, 
and by people from all the neighbouring countries ; and in 
the fifteenth century it is said, though not probably with 
truth, to have contained 400,000 inhabitants. Indeed, so 
great was its power and prosperity at this time as to give 
rise to the saying, ‘‘ Quis contra Deum et magnam No- 
vogorodiam.” But this did not last long; for in 1477 its 
independence was completely destroyed by Ivan Vassilie- 
vich I. ; and in 1570 Ivan IV. took occasion, from a trea- 
sonable correspondence of some of the citizens with Poland, 
to massacre more than 25,000 of the inhabitants. The 
trade of the place was still considerable, until the founda- 
tion of St Petersburg, which monopolized the Baltic trade, 
and completely destroyed the importance of Novgorod. 

It now presents most unmistakeable marks of fallen great- 
ness in its ruinous buildings, dilapidated walls, and grass- 
grown streets. The Kremlin, or fortress, stands on the 
north side of the river, and is connected by a fine stone 
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Novgorod- bridge with the commercial town and SopMshaia on the 
Sieversk other side. There are numerous churches, the principal 
II of which is the cathedral in the Kremlin ; three monas- 
Nowan- ^ bazaar, a palace, a poor-house, and an orphan school. 

^ Sail-cloth, leather, soap, and candles are manufactured. 

Pop. 16,781. 

NovaoEOD-SiEVEESK, a town of Russia, capital of a dis- 
trict in the government of Tschernigov, stands on the 
right bank of the Desna, 109 miles E.N.E. of Tschernigov. 
It is surrounded by walls, and has a castle, but neither is in 
a good state of repair. An active trade in corn, hemp, 
and lime is carried on ; and several large fairs are held an- 
nually. Pop. (1849) 10,544. 

NOVI, a town of Northern Italy, capital of a cogno- 
minal province in the division of Genoa, is situated in the 
plain of Marengo, at the foot of the Apennines, 25 miles 
N.N.W. of Genoa. It is surrounded by an old dilapidated 
wall ; and of its old castle few remains now exist. The 
streets are irregular and narrow ; but in the centre of the 
town is a handsome square adorned with a beautiful 
marble fountain. The principal public building is an an- 
cient church, a fine old edifice with two towers ; and some 
of the old houses are noted for their picturesque appearance. 
It is the seat of civil and commercial tribunals 5 and has a 
college, two monasteries, a theatre, and foundling hospital. 
Novi has an active trade ; and carries on various manu- 
factures, the chief of which is silk, for which it is one of the 
most celebrated places in Italy. In the neighbourhood a 
severe action took place in 1799 between the French and 
Austro- Russians, in which the former were defeated. Pop. 
10,500. The province has an area of 288 square miles, 
and contained, in 1848, 65,013 inhabitants. 

Novi-Bazae, a town of European Turkey, capital 
of a cognominal sanjak in the government of Bosnia, is 
situated on the Rashka, 130 miles S.E. of Bosna-Serai. 
It is a place of some trade ; and has several warm baths. 
Pop. about 8000. 

NOVICE, a person not yet skilled or experienced in an 
art or profession. In the ancient Roman militia, novicii 
or novitii were the young raw; soldiers, distinguished by 
this appellation from the veterans. In the ancient orders 
of knighthood there were novices or clerks in arms, who 
went through a kind of apprenticeship ere they were ad- 
mitted knights. Novice is more particularly used in mo- 
nasteries for a religious person in his or her noviciate or 
year of probation, and who has not taken the vows. In nun- 
neries the novices w^ear a white veil, the rest a black one. 
The custom of giving novices the religious dress was not 
known before the twelfth century. The Council of Trent 
fixed the age of profession at sixteen years. 

NO VO-RED ONDO, a seaport-town and fort of S.W. 
Africa, belonging to the Portuguese. The town occupies 
the summit of a rock at the mouth of the River Redondo, 
and is inhabited almost solely by free Negroes. 

Novo-Tscheeeask, a town of European Russia, ca- 
pital of the country of the Don Cossacks, on the River 
Don, about 40 miles from its mouth. It was founded in 
1806 in consequence of the unhealthiness of old Tscherkask, 
the then capital. It is the seat of the government offices j 
and is well laid out with broad and regular streets, tfie 
houses being generally of one storey. It has a cathedral 
and numerous other churches, a college, and several 
schools, and a large hospital. Pop. (1850) 17,875. 

NOWAGURH, a raj of India, subject to the political 
agent for the S.W. frontier. Its centre is in Lat. 20 . 20 . 
N., Long. 82, 25. E.; and it has an area of 1512 square 
miles. Pop. estimated at 68,000. The country is said 
to be among the worst governed of those within the circle 
to which it belongs. 

NOWANUGGUR, a town of India, peninsula of Kat- 
tywar, province of Guzerat, 310 miles N.W. of Bombay. 


It stands on a creek indenting the S. shore of the Gulf of ISTox 
Cutch; and carries- on a great trade, being the principal II. 
place of the district of Hallar, which is estimated to con- 
tain a population of 207,680. The town itself is nearly 4 
miles in circuit, and is celebrated for its manufactures of 
fine cloth, as well as for the dyes given to that article. 

Copper ore has been discovered in a range of hills in the 
vicinity. 

NOX, one of the most ancient deities among the heathens, 
and the personification of Night. She was daughter of 
Chaos, and from her union with her brother Ereb^us, she 
gave birth to the Day and the Light. She was also the 
mother of the Parcae, Hesperides, Dreams ; of Discord, 

Death, Momus, Fraud, &c. Nox is called by some of the 
poets the mother of all things, of gods as well as of men ; and 
Homer makes her the subduer of gods and men, Zeus him- 
self being awed by her. (//. xiv.) She was worshipped with 
great solemnity by the ancients, and had a famous statue, 
executed by Rhoecus, in the temple of Diana at Ephesus. It 
was usual to offer her a black sheep, as she w^as the mother 
of the Furies ; and a cock was also presented to her, as that 
bird proclaims the approach of day during the darkness of 
the night. She is represented as mounted on a chariot, and 
covered with a veil bespangled with stars. The constella- 
tions generally went before her as her constant messengers. 
Sometimes she is seen holding under her arms two children, 
one of which is black, representing Death, and the other 
white, representing Sleep. Some of the poets have de- 
scribed her as a woman veiled in mourning, crowned with 
poppies, and on a chariot drawn by owls and bats. (See He- 
siod, Theog.; Euripides, Orestes and loni also Pausa- 
nias.) 

NOY, Sir William, an attorney-general, whose con- 
duct was one of the great causes of the civil war in Eng- 
land, was born in 1577. During the former part of his 
career his sentiments were patriotic, and he was distin- 
guished in Parliament as one of the most formidable oppo- 
nents of the despotism of Charles I. No sooner, however, 
had he been appointed attorney-general in 1631, than he 
was suddenly transformed into one of the ‘ most pliant 
tools of the king. The legal knowledge and ingenuity of 
the political apostate began to be employed in extorting 
from the constitution certain precedents which might coun- 
tenance the tyranny of his royal master. He consummated 
his treachery to his country by devising the project of 
levying ship-money. But before he had seen the disasters 
which that act of his contributed to bring upon the land, 
he died, in 1634. Among his valuable legal works are, A 
Treatise of the Principal Grounds and Maxims of the 
Laws of England^ of which the seventh edition was pub- 
lished in 12 mo, 1806 ; and The Compleat Latoyer^ of which 
the latest edition was published in 8 vo, 1674. 

NO YON (anciently Noviomagus)^ a town of France, 
department of Oise, on the Vorse, a tributary of the Oise, 

42 miles E.N.E. of Beauvais. The town is ancient, but 
well built 5 and is surrounded with numerous gardens. It 
was formed into a bishopric in 531 ; and its cathedral is a 
fine Romanesque edifice of the twelfth and thirteenth cen- 
turies. Charlemagne resided here; and Hugh Capet was 
here elected king of France in 987. Noyon is, however, 
chiefly remarkable as the birth-place of the Reformer John 
Calvin. Manufactures of linens, hosiery, leather,, &c., are 
carried on, and a brisk general trade. Pop. 6322. 

NUBIA, a large country of Africa, lying between Egypt 
on the N. and Abyssinia on the S., the Red Sea on the 
E. and the Great Desert on the W.; and extending from 
N. Lat. 11 . to 24., E. Long. 25. to 36. The name, how- 
ever, is not always applied to the whole of this region, but 
is re.stricted by some geographers to the country east of 
the Nile, while the natives themselves apply the terms 
Nooba^ or Wady^el-Nooha^ to a comparatively small por*' 
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Nubia, tion between Derr and Dongola. It is about 850 miles in 
length, and upwards of 600 in breadth ; while its area is 
estimated at 360,000 square miles. 

Character The aspect of the country in Lower Nubia is very dif- 

cf the > ferent from that of Egypt, though both alike form part of 

country, the valley of the Nile. The mountains, which consist 
chiefly of sandstone and granite, approach much nearer to 
the river, leaving only a narrow strip of arable land along the 
water’s edge ; and the rocks in some places extend into the 
bed of the river, forming rapids, the lowest of which, called 
the First Cataract, occurs at the confines of Egypt and Nu- 
bia. Beyond the hills which line the river on either side 
stretches "the desert of Nubia, extending on the one side to 
the Red Sea, and on the other being separated from the 
Sahara only by inconsiderable hills and table-lands. In some 
places the desert comes quite close to the Nile, forming 
sandy banks to the river, and in other places the banks are 
covered only with a thin strip of vegetation. Upper Nubia 
occupies the lowest of the three table-lands which are sup- 
posed to constitute this part of the African continent. The 
elevation increases towards the southern border of Nubia, 
which has a height of 4000 feet above the sea. This district 
is also occupied by several mountain chains, which do not for 
the most part, as in Egypt, extend parallel to the river, but 
from west to east, forming numerous valleys in the same 
direction. Of these chains the most important are the 
Gebel Snigr^, Gebel Safieha, and Orbay Langay; the 
last of which stretches from Faka on the Albara to Suakim 
on the Red Sea, and has numerous offshoots in the east- 
ern Nubian desert. A range of mountains stretches along 
the coast of the Red Sea, but these are not very high, nor 
in any way remarkable. Coarse grey granite, quartz, and 
mica-slate are the chief geological formations of Upper 
Nubia. Gold and silver mines are said to exist near the 
shores of the Red Sea ; but all the attempts made by the 
Pasha of Egypt to work them have proved fruitless. In 
Upper Nubia the Nile is not so closely shut in by moun- 
tains as in the lower region j and this country is also watered 
by other rivers, which discharge their waters into it. At 
the Second Cataract immense plains stretch out from either 
margin of the stream, exhibiting, it is said, even in their 
present neglected condition, unequivocal indications of fer- 
tility ; and as there seems to be little doubt that in former 
ages the annual inundation extended considerably beyond 
the limits of modern cultivation, so it may reasonably be 
presumed that anciently the country was much more pro- 
ductive and populous than in modern times, when the de- 
crease of the inundation, and the continual encroachment 
of the moving sands of the desert on either side, have com- 
bined to produce the desolation which now prevails. At 
present the Nile seldom or never overflows its banks in 
this part of Nubia ; and the portion of the soil cultivated is 
irrigated by means of sakkeas, or Persian wheels con- 
structed for raising the water of the river to the level of 
the adjacent ground. The eastern bank of the Nile is 
much better adapted for cultivation than the western, be- 
ing more easily irrigated by artificial means. But it is not 
a little remarkable, that all the splendid ruins for which 
this region is distinguished, and which exhibit so great 
labour, ingenuity, and skill, are found upon the opposite 
bank ; a circumstance which seems to strengthen the pre- 
sumption that Nubia was formerly much more fertile and 
populous than in the present day. 

Divisions The country on the banks of the Nile is composed of 

of Nubia, two parts, —Wady Kenoos and Wady Nooba, so called 
from the tribes who inhabit them, and who differ from each 
language. The former extends from the confines 
of Egypt on the south to Wady Sebooa ; and the latter, 
from which the general name of the country appears to have 
^en derived, stretches as far as the frontier of Dongola. 
TJie chief distinction between these two parts consists in 


the circumstance, that the languages spoken in each are Nubia, 
entirely different. 

The grain which forms the principal object of Nubian 
cultivation is dhourra, the Andropogon sorghum of bo- 
tanists. It is, raised upon the patches of soil irrigated by 
means of the sakkeas or Persian wheels, of which there are 
from 600 to 700 between the First and -Second Cataracts; 
and, when ground, it is formed into a cake somewhat re- 
sembling the Abyssinian teff* After the dj-iourra, the Nu- 
bians raise a crop of barley, French beans, lentils, and » 
sometimes also of water-melons. Sometimes a third crop 
is raised in the year, and this in these cases generally con- 
sists of dhourra again. Tobacco is everywhere cultivated, 
and constitutes the principal luxury of all classes, being 
either smoked or sucked in a peculiar manner between 
the gums and the lip. Animal food is scarce, and seldom 
eaten, even by the chiefs or sheiks. The liquors used are 
palm-wine, a spirit distilled from dates, and a sort of beer 
called booza, which is made from dhourra. Excessive in- 
dulgence in these liquors is general throughout the whole 
country. The only fruit trees cultivated in Nubia are 
palms, but the soil is adapted for several others. Great 
sameness prevails in the vegetation of the desert, the trees 
being mostly acacias, tamarisks, date and doum palms. 

The climate of Nubia, though intensely hot in summer, 
is nevertheless remarkably healthy. This is no doubt a 
consequence of the extreme dryness of the atmosphere, 
occasioned by the absence of rain and the absorbent qua- 
lities of the soil. The upper regions of Nubia, however, 
are by no means destitute of rain, but are exposed from 
March to May to those showers which cause the overflow- 
ing of the Nile. They do not extend N. of 17. 30. N. 

Lat. The plague has seldom or never reached Wady 
Haifa, and beyond the Second Cataract it is entirely un- 
known. The small-pox, however, is a fearful scourge, and, 
owing to the ignorance and filthiness of the people, occa- 
sionally commits dreadful ravages. 

The people are now generally known by the name of Nu- 
bians, and are called by the Arabs Barahra. They consist tion. 
of the Kenoos and Nooba tribes, and differ considerably in 
appearance at different places, those to the south being much 
darker than the inhabitants of the country bordering on 
Egypt. They are generally well made, strong, and muscular, 
and have tolerably good features. The women are not 
handsome, but perfectly well formed, and in general re- 
markable for agreeable countenances and pleasing manners. 

Great numbers of the Nubians repair to Cairo, where they 
usually act as porters, and are esteemed for their honesty ; 
but they always return to their native villages with the 
little property which they have saved in plying their humble 
vocation. They excel the Egyptians in honesty and vera- 
city, though they are inferior in acuteness. They are like- 
wise distinguished for their brave, independent, and patrio- 
tic spirit. The inhabitants of Derr-el-Mahas and the more 
southerly districts differ considerably from the other Nu- 
bian tribes. They are of Arab descent, and speak the 
language and follow the wandering life of that people. 

Previously to 1821 the Nubians were independent, be- ^ 
ing ruled by chiefs of their own ; but in that year they ^eirand 
were brought under the power of the Egyptian pashas ; commerce, 
and the government of Nubia is now, like that of Egypt, a 
military despotism. Some trade is carried on in Nubia, 

Sennaar and Shendy being the principal marts for the 
commerce of eastern Africa. The principal articles of ex- 
port to Egypt are dates, which are obtained here of an ex- 
cellent quality ; gold, ivory, ebony, and slaves are imported 
into Nubia from the interior of Africa, and thence sent to 
Egypt, Arabia, or the East ; and the principal imports through 
Egypt are soap, sugar, beads, coral, paper, and hardware. 

One of the most remarkable features of this region con- 
sists in the magnificent monumental remains with which it 
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Nubia, is covered along the line of the stream, and which continue 
^ ^ to perpetuate the genius and power of the ancient popula- 

Monu- tion of the country situated on the Upper Nile. The prin- 
raentalre- cipal remains in Nubia, beginning with the lowest down on 
mains of the river and proceeding upwards, are the following : — At 
Nubia. Dabod on the W. bank, 15 miles above the First Cataract, 
are the remains of a temple, dedicated, according to a Greek 
inscription over the entrance, by Ptolemy Philometer and 
Iiis queen Cleopatra, to Isis and other deities. The temple 
of Kalabshee, whose ruins stand on the same side of the 
Nile, about 29 miles above Dabod, is the largest in Nubia. 
It does not seem to be earlier than the lime of Augustus, 
though the materials have apparently been taken from an 
older building. The body of the temple consists of three 
parts, and has twelve columns in front. It stands in the middle 
of an inclosure, which is entered by a portico with two pyra- 
midal towers. At the same place is an ancient temple of 
the age of the Pharaohs, cut out of the rock, and adorned 
with elegant sculptures. The temple of Dencloor, which 
stands just within the tropic, is believed to have been 
founded by Augustus in honour of Osiris, Isis, and Horus. 
At Dakkeb, further up than Dendoor, are the remains of a 
temple founded by Ergamun, an Ethiopian king of the age 
of Ptolemy Philadelphus. On the opposite side there are 
extensive brick ruins, bearing the names of Reraeses VI f. 
and VIII., who lived in the twelfth century b.c. The 
ruined structure at Sabooa has before it a propylon, with two 
pyramidal towers. The pronaos on each of its longest 
sides has five columns without capitals, and in front of each 
is a colossal figure, 16 feet in height, with the arms crossed 
on the breast, and the usual emblems in the hands. In 
front of the propylon are two statues, 10 feet in height, 
with their faces towards the river, and attached by the 
backs to stone pillars of equal elevation : and an avenue of 
sixteen sphinxes leads from the bank of the Nile to the 
temple. The whole fabric appears to be of the remotest 
antiquity, and is ascribed to the age of Remeses the Great 
(1355-1289 B.c.) Of the same era is the temple of Derr, 
which, has some bold though defaced sculptures. 

But of all the temples of Nubia, that of Aboo-Simbel 
Ebsamboul or Ipsamboul, about 40 miles below the Se- 
cond Cataract, is incomparably the most remarkable. It has 
the finest colossal figures of any in Egypt, which, notwith- 
standing their great size, have countenances of considerable 
beauty, when seen from a proper distance. The great hall 
contains eight pillars witlucolossal figures attached to them, 
and there are many other apartments opening into it. Both 
the pillars and the walls are covered with representations 
of battles, storming of castles, triumphs, and sacrifices, in a 
style, if not superior to, at least bolder than, that of almost 
any in Egypt, both in regard to the design and the work- 
manship. The second hall, which is of less dimensions, 
contains four pillars about 4 feet square, and the walls are 
covered with hieroglyphics in tolerable preservation. Be- 
^yond this there is a chamber of the same width, but shorter, 
in which is the entrance to the sanctuary ; and at each end 
is a door leading into smaller apartments in the same direc- 
tion with the adytum. The sanctuary itself is 23 feet in 
length by 12 in breadtii, and contains a pedestal in the 
centre, with four colossal figures in a sitting posture at the 
end, all in good order and uninjured. The outside or ex- 
ternal front of this temple is truly magnificent, being 117 
feet in width, and 86 feet in height, whilst the space from 
the top of the cornice to that of the door is 66^ feet, and 
the height of the door itself 20 feet. There are four enor- 
mous sitting figures, the largest in Nubia, or even in Egypt, 
excepting only the great sphinx at the Pyramids, to which 
they approach in the proportion of nearly two-thirds. On 
the top of the door is a statue of Osiris, 20 feet in height, 
with a colossal figure on each side looking towards it The 
cornice of the temple is adorned with hieroglyphics, and 


under it are a torus and frieze, the one 6 and the other 4 Nuddea. 
feet in breadth. Above the cornice is a row of squatted 
monkeys, twenty in number, and each 8^ feet across the 
shoulders. This temple was nearly two-thirds buried in 
the sand till the year 1817, when the sand was cleared 
away, and an entrance obtained by Belzoni, Irby, Mangles, 
and Beechey. In several places of the square border which 
encircles the front of the temple, and also on the buttresses 
between the colossal figures, are a number of ovals or 
rings, containing the name and praenomen of Remeses the 
Great, the same Pharaoh whom the Greeks indicate by the 
name of Sesostris or Sethosis. 

The temples at Samneh, situated on the western bank 
of the river, between the twentj^-first and twenty-second 
degree of north latitude, afibrd specimens of a more perfect 
class of structures ; intermediate, it would seem, between 
such excavations as that of Ebsamboul and the magnificent 
edifices of Karnak and Luxor. That on the eastern bank 
has a portico and a hall running parallel to it, behind 
which are three small and one larger chamber ; and that on 
the other side is more elegant, consisting of one chamber 
surrounded by a corridor of pillars. 

The first architectural attempt in Nubia probably was General de- 
the improvement of some hole or cave in the rock ; or ductiona, 
even if the country possessed no natural caves for imitation 
by a people possessing the troglodyte habits natural to the 
inhabitants of a burning climate, the mountains themselves 
would afford facilities for constructing durable habitations. 

After having got possession of a hole or cave, the next 
step of these primitive' architects would probably be to 
extend the excavation, to form several chambers separated 
by the native rock, and when a compartment of larger 
dimensions was designed, to have square pillars for the sup- 
port of the roof. In the course of time the outer front, 
with the inner walls and pillars, would receive decorations 
derived from imitations of the natural forms of the country, 
and subjects connected with the historical remembrances 
or religious creed of the nation. We see abundant evi- 
dence in the rock-temples of Nubia to convince us that 
the order of progression and improvement here indicated 
w^as that actually followed in their gradual enlargement and 
decoration ; yet a prodigious period must have elapsed be- 
tween the rudest excavation in the rock, such as Derr ap- 
pears to have been in its primitive state, and the highly- 
finished sculptures of the great temple of Ebsamboul. In 
fact, “ antiquity appears to have begun” long after these 
primeval architects had commenced their troglodyte la- 
bours. But, in surveying the wonders which crowd the 
banks of the Nile from Meroe to Memphis, our minds be- 
come insensibly impressed with the reflection, that the 
wealth, power, and genius which produced them have en- 
tirely passed away ; that, if new worlds have risen, and new 
races been discovered, “ we have lost old nations and 
that, in the lapse of ages, empires themselves vanish, like 
the baseless fabric of a vision, leaving scarcely a wreck or 
trace behind them. The contrast between what now is and 
what once must have been in Ethiopia and in Egypt, is 
indeed most striking; nor is it easy to pass, even in thoughf, 
through the various scenes of conquest and desolation which 
must have conspired to produce the effects we contem- 
plate. History sheds no light on events and characters 
wliich the lapse of 3000 years has covered with impene- 
trable obscurity; and whilst groping our way amidst temples 
dedicated to gods, and structures raised in honour of 
heroes, whose very names sound like voices from the dead, 
we content ourselves with the conclusion, which all the 
monuments impress on us, that long before the dawn of his- 
tory there had existed in that singular region a great people, 
whose architectural monuments have outlasted their learn- 
ing, their philosophy, and almost even their very name. 

NUDDEA, a district of British India, under the lieu- 
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tenant-governor of Bengal, comprised 
the Ganges, and lying between Lat. 22, 49. and 24. 10. N., 
and Long. 88. 9. and 89. 11. E. It is about 90 miles in 
length from N. to S., by 45 in breadth, and has an ^ea of 
2942 square miles. The soil is well watered and highly 
fertile, producing in abundance rice, millet, maize, pulse, 
oil -seeds, sugar-cane, indigo, tobacco, and hemp. Pop. 

298,736. , . 

Ntodea, a town of British India, in the district of 
Burdwan, at the commencement of the Hooghly River, 80 
miles N. of Calcutta, Lat. 23. 25. N., Long.^ 88. 22. E. It 
was the capital of a Hindu principality anterior to the Mo- 
gul conquest of Hindustan, and was taken and entirely de- 
stroyed in 1204. In modern times it has been the seat of 
a Brahmin seminary of learning; anterior, however, to that 
of Benares. 

NUGEENAH, a town of British India, division of Ro- 
hilcund, North-West Provinces, in Lat. 29. 27. N., Long. 
78. 30. E. It is noted for its manufactures of fire-arms ; and 
contains about 14,000 inhabitants. 

NUISANCE, or Nusance, in law, a thing done to the 
annoyance of another. Nuisances are either public or pri- 
vate. A public or common nuisance is an offence against 
the public in general, either by doing what tends to the 
annoyance of all the king’s subjects, or by neglecting to do 
what the common good requires ; in which case, all annoy- 
ances and injuries to streets, highways, bridges, and large 
rivers, as also disorderly ale-houses, gaming-houses, and the 
like, are held to be common nuisances. A private nuisance 
is, when only one person or family is annoyed by the doing 
of anything; as when a person stops up the light of 
another’s house, or builds in such a manner that the rain 
falls from his house upon his neighbour’s. In Scotch 
law, there is no recognised distinction between public and 
private nuisances. 

NUMA POMPILIUS, the successor of Romulus on the 
throne of Rome, was the son of an illustrious Sabine, and 
was raised to the imperial dignity by the unanimous voice 
of the Roman senate and people. After a remarkably po- 
pular reign of 42 years, during which he endeared himself 
both to his own people and to the surrounding nations by 
his great abilities and singular humanity, Numa died in the 
year of Rome 82. (See Roman History.) 

NUMANTIA, a very noble city, the ornament of the 
Hither Spain, and celebrated for the long war of 20 years 
which it maintained against the Romans. The inhabitants 
obtained some advantage over the Roman forces, till Scipio 
Africanus was empowered to finish the war, and to .effect 
the destruction of Numantia. The town occupied an emi- 
nence of great steepness, and was approachable only on one 
side. Scipio began the siege with an army of 60,000 men, 
and was bravely opposed by the besieged, who were no 
more than 4000 men able to bear arms. They held out 
against the enemy with the most indomitable courage while 
their provisions lasted ; but being reduced to desperation, 
they set fire to their houses, and destroyed themselves, so 
that not even one remained to adorn the triumph of the 
conqueror. It was taken by the Romans 134 b.o., and the 
conqueror obtained the surname of Nuimnticus. It is con- 
jectured that the modern Puente de Garray, near Soria, 
marks the site nearly of this once famous city. Fragments 
of antiquity are occasionally dug up there. (Accounts of 
this memorable siege are to be found in Appian, B, Hisp, 
48, &c.; Eutropius, iv. ; Cicero, De Off.; Strabo, iii.; 
also in the Compendio HistoricB, b. iii,, of Pedro Tutor y 
Melo, Soria, 1690.) 

NUMBERS, Book op. See Pentatetjoh, 
NUMERALS. See Arithmetic. 

NUMERIANUS, Marcus Aurelius, a Roman em- 
peror, succeeded to the purple conjointly with his elder 


N U M 

brother Carinus, on the death of his father Carus, A.n. 284,' Numidia. 
and was murdered in the same year, after a reign of eight 
months. (See Roman History.) 

NUMIDIA, an ancient country of Africa, which owed 
its name to the circumstance that its early inhabitants were 
pastoral tribes (NojU-dtScs). These tribes, differing both in 
descent and character, extended their wanderings from the 
Nile along the coast as far west as the Fortunate Islands. 

The limits of the country were therefore for a long time 
very ill-defined. It was not until the time of the Punic 
wars that the title of Numidians came to be definitely re- 
stricted to the Massaesyli and the Massyli, who dwelt be- 
tween the River Mulucha {Malouid) on the W., and the 
Carthaginian territory on the E., and were divided from 
each other by the River Ampsaga {Wad~eUKehir). These 
two tribes were then athletic and warlike savages, living on 
the sides of the mountains in little huts called magalia^ 
and scouring the plains on horseback without saddle or 
bridle. From that period, however, the character of the 
people, and the condition of the country, began to be 
changed by foreign interference and the events of war. 

During the struggle between Hannibal and the Romans, 

Syphax, the prince of the Massaesyli, espoused the cause of 
the former, and Masinissa, the prince of the Massyli, es- 
poused the cause of the latter. Syphax was defeated, 
along with his great ally, in the battle of Zama, b.o. 202 ; 
his territories were incorporated with those of the Massyli ; 
all the Carthaginian district, with the exception of a portion 
around the capital city, was added ; and Masinissa received 
possession of the whole, with the title of King of Numidia. 

It then became the aim of that able prince to civilize his 
people by the introduction of arts and agriculture. After 
his death in 148 b.o., the same line of policy was followed, 
with even more success, by his son and successor Micipsa. 

But the commotions that broke out in the ensuing reign 
marred the prosperity which a long peace had been foster- 
ing. J ugurtha, the nephew, and Adherbal and Hiempsal, . 
the sons of Micipsa, were left joint-heirs to the throne. 

The first of these princes was unscrupulous and ambitious, 
and did not rest until he had defeated and murdered his 
cousins, and had seized the sceptre of the entire kingdom. 

This involved the Numidians in a contest with the Ro- 
mans. After all the wiles of intrigue and the stratagems of 
war had proved unsuccessful, the usurper was captured and 
put to death in 106 b.o., and the crown was bestowed upon 
Hiempsal II. But the disasters of Numidia were not yet 
ended. Juba L, the son and successor of tljie last-men- 
tioned prince, espoused the cause of Pompey during the 
Roman civil war. The final defeat of his party at the 
battle of Thapsus, in 46 b.o., left him exposed to the ven- 
geance of Caesar. The desperate state of his affairs drove 
him to commit suicide ; and his kingdom, reduced into the 
form of a Roman province, was placed under the governor- 
ship of Sallust the historian. Soon after this period Nu- 
midia began to enter upon a long period of prosperity. The 
jus coloniae” was conferred upon its capital, Cirta (Cbw- 
stmtind)^ and upon its other chief towns — Rusicade, Hip- 
po-Regius {Bona\ Sicca {Keff\ Lambaesa, and Theveste. 
Commerce was diffused by means of the Roman roads ; 
peace was preserved by means of the Roman soldiers; and 
the wild Numidian horsemen were thus transformed in 
course of time into a community of industrious peasants. 

The gospel found an easy entrance, and prospered so 
rapidly, that the country is said to have contained in the 
fifth century no fewer than 123 episcopal sees. It was not 
until the invasion of the Saracens, in the seventh century, 
that the prosperity of Numidia, simultaneously with its 
Christianity, received a fatal blow. (See Aloiers. For 
farther information regarding Numidian historyi see also 
Masinissa, Micipsa, JuauRTHA, and Juba I.) 
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INTRODUCTION. 

Introduo- The Science of Numismatics treats of coins and medals.j^ It 
tion. acquaints us with the metals used in their composition, their 
various inscriptions and devices, their mechanical execution and 
Definition, artistic merit. ^ It tells us of the different denominations of 
coins, with their relation to one another, and the laws hy which 
they were regulated. 

Coins and Xhe earliest known coins were issued hy the Greeks, most 
medals. probably in the eighth century before the Christian era.^ By 
the fourth century the whole civilized world used money, each 
state generally having its proper coinage. This has continued 
to he the case to the present time ; so that now there are few 
nations without a metal currency of their own, and of these 
but a small proportion are wholly unacquainted with the use of 
coins. The number of varieties of coins and medals of whdch 
specimens are preserved in collections may be estimated at 
not less than 200,000 and future discoveries will probably 
greatly raise this sum. A series of monuments of such length 
and completeness affords, as might he expected, very import- 
ant illustration to history and to kindred branches of know- 
ledge. This is, indeed, the real value of Numismatics ; and the 
student will do well to keep it constantly before him, for thus 
he will he saved from the narrow view of a mere collector, by 
which many have been led in a false direction, and so dis- 
credit has been brought upon the science. 

How they Coins, although they confirm history, rarely correct it, and 
illustrate never very greatly. The earliest belong to a time and to 
history, nations as to which we are not otherwise wholly ignorant, and 
they do not afford us that precise information that would fill 
in any important details of the meagre sketch of contemporary 
history. We gain from them scarcely any direct historical in- 
formation, except that certain cities or princes issued money. 
When, in later times, the devices and inscriptions of the coins 
give more detailed information, history is far fuller and clearer, 
so that the numismatic evidence is rarely more than corrobora- 
tive. There are, indeed, some remarkable exceptions to this 
rule, as in the case of the Bactrian coins, which have supplied 
the outlines of a portion of history which was otherwise almost 
wholly lost. The value of the corroborative evidence afforded 
by coins must not, however, be overlooked. It chiefly relates 
to chronology, although it also adds to our knowledge of the 
pedigrees of royal houses. But perhaps the most interesting 
manner in which coins and medals illustrate history is in their 
hearing contemporary, or nearly contemporary, portraits of the 
most famous kings and captains, from the time of the first suc- 
cessors of Alexander the Great to the present age : whereas 
pictures do not afford portraits in any number before the lat- 
ter part of the middle ages ; and works of sculpture, although 
occupying, in this respect, the same place as coins in the last- 
mentioned period and under the Roman empire, are neither 
so numerous nor so authentic. There is no more delightful 
companion in historical reading than a cabinet of coins and 
medals. When we know the features of Alexander and Mi- 
thradates, of Julius Caesar and Augustus, of the Antonines 
and Severus, we can far more readily take ourselves back to 
the times in which they lived, and feel a real interest iu their 
stories. Our belief in the truth of history is confirmed by 
the qualities we can perceive in their portraits. The strength 
and energy of Alexander, the brilliant genius of Mithradates, 
the philosophic calmness of Antoninus, the obstinate ferocity 
of ^ Nero, and the brutality of Caracalla, are as plain on the 
coins as^ in the pages of history. The numismatic portraits 
of the time following the founding of Constantinople have 
less individuality; but after the revival of art they recover 
that quality, and maintain it to our own day, although exe- 
cuted in very different styles from those of antiquity. From 
this last class we can form a series of portraits more complete 
and not less interesting than that of the ancient period. , 


While coins and medals thus illustrate the events of history, Introduc- 
they have an equally direct bearing on the belief of the nations tion. 
hy which they were issued ; and in this reference lies no small 
part of their value in connection with history. The mytho- jiytho- 
iogy of the Greeks not having been fixed in sacred writ-iogy, 
ings, nor regulated by a dominant priesthood, but having 
grown out of the different beliefs of various tribes and iso- 
lated settlements, and having been allowed to form itself 
comparatively without check, can scarcely be learned from 
ancient books. Their writers give us but a partial or special 
view of it, while even modern authors, in their attempts to 
systematize, have often but increased confusion. The Greek 
coins, whether of kings or cities, until the death of Alexander, 
hear sacred subjects only. Afterwards, on the regal coins, 
the king’s head usually occupies the obverse, and a sacred 
subject is placed on the reverse. About this period the local 
myths begin to lose their special character, through the de- 
struction of the small independent states, and the centralized 
system of the great empire and the kingdoms which sprang 
from it. The earlier coins afford us invaluable evidence for 
the reconstruction of Greek mythology. We have nowhere 
else so complete a series of the different types under which the 
divinities were represented. There are in modern galleries very 
few statues of Greek divinities, including such as were intended 
for architectural decoration, which are in good style, fairly 
preserved, and untouched by modern restorers. If we add to 
these, bas-reliefs of the same class, and the best Graeco-Roman 
copies, we can scarcely form a complete series of the various 
representations of these divinities. We cannot take ruder or 
baser works, since we should be led into error by them. The 
coins, however, supply us with the series we desire, and we may 
select types which are not merely of good work, but of the 
finest. The mythology of ancient Italy, as distinct from that 
of the Greek colonies, is not so fully illustrated by the coins of 
the country, because these are for the most part of Greek design. 

There are, however, some remarkable exceptions, especially in 
the money of the Roman commonwealth, the greater number 
of the types of which are of a local character, including many 
that refer to the myths and traditions of the earliest days of 
the city. The coins of the empire are especially important, as 
bearing representations of those personifications of an allegori- 
cal character to which the influence of philosophy gave great 
prominence in Roman mythology. 

Coins are scarcely less valuable in relation to geography Geo- 
than to history. The position of towns on the sea, or on graphy, 
rivers, the race of them inhabitants, and many similar pariicu- 
laxs, are positively fixed on numismatic evidence. The infor- 
mation that coins convey as to the details of the history of 
towns and countries has a necessary connection with geo- 
graphy, as has also their illustration of local forms of worship. 

The representations of natural productions on ancient money 
are of special importance, and afford assistance to the lexico- 
grapher. This is particularly the case with the Greek coins, 
on which these objects are frequently portrayed with great 
fidelity. We must recollect, however, tW the nomenclature 
of the ancients was vague, and frequently comprised very 
different objects under one appellation, and that therefore we 
may find very different representations corresponding to the 


same name. 

The art of sculpture, of which coin-engraving is the off- Art, 
spring, receives the greatest illustration fi:om Numismatics. 

Not alone is the memory of lost statues preserved to us in 
the designs of ancient coins, but those of Greece afford ad- 
mirable examples of that skill by which her sculptors at- 
tained their great renown. The excellence of the designs of 
very many Greek coins struck during the period of the best 
art is indeed so great, that, were it not for their sm^lness, 
they would form the finest series of art-studies in the 
world. The Roman coins, though at no time to be compared 


^ This science cannot be considered to be a branch of Archaeology, since it treats not only of ancient and mediaeval coins, but of modern ones also. 
® The Chinese place the commencement of their coinage at a very remote date, but this statement is unsupported by satisfactory evidence. All 
' authentic specimens appear to he several hundred years later than the oldest Creek money. (See sect, vi., bolow.) 

. ® The coUection of the British Museum now comprises upwards of 120,000 specimens ; and during late years from 2000 to 6000 pieces have been 
annually added. 
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Introdnc- to tie piirest Greek, yet represent worthUy the Grsaco-I^m^ 
tion. art of the empire. From the accession of Augustus to the 
death of Commodus thej are often fully equal to the best 
Graeco-Roman statues. This may he said, for instance, of 
the dupondii struck in honour of Livia by Tiberius, and by 
the younger Drusus ; of the sestertii of Agrippina ; and of the 
gold coins of Antoninus Pius and the two Faustinas, which pre- 
sent portraits of remarkable beauty and excellence. The me- 
diseval Italian ’medals are scarcely less useful as records of the 
progress and characteristics of art, and, placed by the side of 
the Greek and Roman coins, complete the most remarkable 
comparative series of monuments illustrating the history of the 
great schools of art that can he brought together. Ancient 
coins throw as great light upon the architecture as upon the 
sculpture of the nations by which they were struck. Under 
the empire, the Roman coins issued at the city very frequently 
hear representations of important edifices. ^ The Greek-impe- 
rial coins, struck in the provinces, present similar types repre- 
senting the most famous temples and other structures of their 
cities, of the form of some of which we should otherwise have 
been wholly ignorant. The little-known art of painting among 
the ancients does not receive any great illustration from the 
coins. The best Greek pieces are of too severe a style to admit 
of an approach to pictorial treatment, although we perceive 
such a tendency in the works of important schools, and during 
the period of decline. The Roman coins sometimes p^resent 
groups which have a very pictorial character, traceable to 
the tendency of the sculpture of the period : this is principally 
about the time of the Antonines. They are never, however, 
so pictorial in treatment as the mediaeval Italian medals. The 
art of gem-engraving among the ancients ' is perhaps most 
nearly connected with their coinage. The snbj ects of coins and 
gems are so similar and so similarly treated, that the authen- 
ticity of gems, that most difficult of archaeological questions, 
receives the greatest aid from the study of coins. No one 
whose eye is acquainted with the treatment of figures by Greek 
and Roman medallists could suppose for a moment such works 
as those of the Poniatowski collection to be productions of an- 
cient artists. It is probable, also, that coins not unfrequently 
supplied subjects to the old gem-engravers. 

After what has been said, it is not necessary to do more than 
Literature, mention how greatly the study of coins tends to illustrate the 
contemporary literature of the nations which issued them. Not 
alone the historians, but the philosophers, and the poets are 
constantly illustrated by the money of their times. This was 
perceived at the revival of letters ; and during the last two 
centuries coins were very frequently engraved in the larger 
editions of the classics. A want of technical numismatic know- 
ledge in the editors, and the carelessness of the artists, com- 
bined to deprive these illustrations of much of their value. 
Probably in part on this account, but chiefly in consequence 
of the change from historical to textual criticism, ancient coins 
■ have been little used in this manner by the new school. This 
neglect is beginning to be remedied, although the full value of 
coins and medals in illustration of the literature of modern as 
. well as ancient times is not as yet sufficiently perceived. 

Origin of science of Numismatics isof a comparatively recent origin. 

tJiisscience. ancients do not seem to have formed collections, although 
they appear to have occasionally preserved individual speci- 
mens for their beauty. Petrarch has the credit of having been 
the first collector ; but it is probable that in his time ancient 
- coins were already attracting considerable notice. The im- 
portance of the study of all coins has since been by degrees 
more and more recognised; so that at the present time no 
branch of the pursuit is left wholly unexplored. It cannot, 


however, be said that the actual condition of the science jus- Definitions* 
tifies great expectations. "We shall best perceive this if we 
inquire what objects it has to fulfil. 

Besides its bearing upon the history, the religion, the man- Its uses, 
ners, and the arts of the nations which have used money, the 
science of Numismatics has, from its relsition to art, a special 
modem use, at which we have already hinted. Not alone do 
coins display the various styles of art prevalent at different 
ages, but in doing so they supply us with abundant means for 
promoting the advancement of art- among ourselves. If the study 
of many schools be at all times of advantage, it is especially so 
when there is little originality in the world. Coins and medals 
have therefore two main uses, the one relating to the illustra- 
tion of history, and the other to the promotion of art. It is not 
for these purposes that collections are usually formed. It is in 
vain to point to the high prices now paid for rare coins, if that 
rarity be not always accompanied by some marked historical or 
artistic importance. V ery few among the collectors think: of any 
thing beyond the rarity or the beauty of a coin, and of the latter 
they frequently judge by a vicious standard. So little have the 
coins themselves been thoroughly studied even by professed 
numismatists, that few of them have formed an opinion as to 
the different denominations to which many of the most com- 
mon specimens correspond. The study of ancient coins, and 
that of ancient systems of coinage, have been more and more 
separated. There is also much reason to complain of the com- 
parative neglect of various branches of Numismatics. Until 
equal attention be paid to all, the condition of the science 
cannot be called sound. Why, for instance, while the Roman 
money is eagerly collected and studied, is the Byzantine series, 
its proper continuation, and one of the most important portions 
of the mediaeval class, generally treated with contemptuous 
neglect ? Numismatics, thus superficially and partially pur- 
sued, demands the least labour and affords no result of import- 
ance, except the negative one of bringing into disrepute one of 
the most valuable aids to historical inquiry. 


Sect. L— DEFINITIONS. 

The following are the most necessary numismatic defini- 
tions : — 

1. A coin is a piece of metal of a fixed weight, stamped by au- 
thority of government, and employed as a circulating medium,^ 

2. A medal is a piece struck to commemorate some event or per- 
son, and having no place in the currency. Medals are frequently 
comprised with coins in descri^itions that apply to both equally ; 
thus, in the subsequent definitions, by the term coins, coins and 
medals must generally be understood. 

3. The coinage of a country is usually divided into the cla.sscs of 
gold, silver, and copper, for which the abbreviations AI, and 
As, are employed in catalogues. In each class are comprised not 
only the coins of the metal from which it takes its name, with no 
more than a necessary or inseparable proportion of alloy, but coins 
of other metallic substances, usually base, and always compound, 
which were generally struck in the place of the purer pieces. The 
principal metallic substances thus used were electrum for gold, 
billon for silver, brass for copper, and potin for silver and copper. 

4. Electrum a compound metallic substance, 

consisting of gold with a considerable alloy of silver. Fliny makes 
the proportion to have been four parts of gold to one of silver.^ The 
material of early coins of Asia Elinor struck in the cities of the w'est- 
ern coast is the ancient electrum. It appears here to have first con- 
sisted of three parts of gold to one of silver ; but afterwards the pro- 
portion of silver was increased, though perhaps not everywhere. 
Gold largely alloyed with silver, not struck by the ancient Greeks 


f exc^des, on the one hand, paper currencies and their equivalents among barbarous nations, such as cowries, because they are 

neitber of metal nor of fix^ed weight, although either stamped or sanctioned by authority, and, on the other hand, inodes of keeping metal in 
weight, uke the so-called Celtic “ ring-money,” as not stamped, although perhaps sanctioned by authority. The latter has attracted so much 
attention, that it must not be passed by without some further notice. There seems to be no reasonable doubt that the Celtic gold rings all 
^ the same unit, but very seldom multiples of one another. From their form, it is probable that most of them were used as 
^ would probably have been generally made to weigh an exact weight without fractions, on the same principle that 

»«^uently avoided fractions of their measures in architecture. They belong to a time anteriov to the introduction of money among 
therefore, at which precious metal must have been weighed when employed in barter. Hence an 
^ probably the mam one, why their weight is always some multiple of the same unit. In a primitive state of society in the 
for money often wears her dowry in coins as ornaments ; and thus these Celtic rings may have been both ornaments and substitutes 
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Definitions, or tlieir neighbours, should be termed paU gold^ as in the case of 
* some of the late Byzantine coins. 

5. Billon, a term applied to the base metal of some Homan coins, 
and also to that of some mediaeval and modern coins. It is silver 
with a great proportion of alloy. When the base silver coins are 
replaced by copper washed with silver, the term billon becomes in- 
appropriate, 

6. Brass^ a compound metallic substance employed for coins. It 
may be used as an equivalent to the orichalcum of the Romans, a 
fine kind of brass, of which the sestertii and dupondii were struck, 
but it is commonly applied indiscriminately to the whole of their 
copper currency. 

7. Botin, a term applied to the base metal of which some ancient 
coins are composed. It is softer than billon. 

8. Various other metallic substances have been used in coinage. 
The so-called glass money*’ of the Arabs has not been proved to 
have borne any value, and if it had, it would be excluded with 
paper money and the like from the class of coins. 

9. The forms of coins have greatly varied in different countries 
and at different periods. The usual form in both ancient and mo- 
dern times has been circular, and generally of no great thickness. 

10. Coins are usually measured by Mionnet^s scale, from which 
the greatest dimension is taken, or when they are square, the greatest 
dimension in two directions. This is, however, a very unsatisfac- 
tory scale, as its divisions are of an arbitrary character, and the in- 
struments for applying it are such as make exactness scarcely pos- 
sible. A kind of gauge, graduated to inches and decimal parts of 
an inch, would be far more satisfactory. 

n . The weight of a coin is of great importance, both in deter- 
mining its genuineness and in distinguishing its identity. To as- 
certain exact weight to the tenth of a grain is therefore very neces- 
sary, and this can only be done by the careful use of excellent scales. 

12. The specific gravity of a coin furnishes a ready means of de- 
termining the metal predominating in its composition. 

13. Whatever representations or characters are borne by a coin 
constitute its type. The subject of each side is also called a type, 
and when there is not only a device but an inscription, the latter 
may be excluded from the term. This last is the general use. NTo 
distinct rule has been laid down as to what makes a difference of 
type, but it may be considered to be an essential difference, how- 
ever slight. 

14. A difference too small to constitute a new type makes a 
variety. 

15. A coin is a duplicate of another when it agrees with it in 
all particulars but those of exact size and weight. Strictly speak- 
ing, ancient coins are rarely, if ever, duplicates, except when struck 
from the same die. 

16. Of the two sides of a coin, that is called the olverse which bears 
the more important device or inscription. In early Greek coins, 
it is the convex side ; in Greek and Roman imperial, it is the side 
bearing the head ; in mediaeval and modern, that bearing the royal 
effigy, or the king’s name, or the name of the city; and in oriental, 
that on which the inscription commences. The other side is called 
the reverse, 

17. The field of a coin is the space unoccupied by the principal 
devices or inscriptions. Any detached independent device or cha- 
racter is said to be in the field, except when it occupies the ex- 
ergue. 

18. The exergue is that part of the reverse of a coin which is 
below the main device, and distinctly separated from it : it often 
bears a secondary inscription. Thus, the well-known inscription 
CONOB occupies the exergue of the late Roman and early Byzan- 
tine gold coins. 

19. The edge of a coin is the surface of its thickness. 

20. By the inscription or inscriptions of a coin, all the letters it 
bears are intended : an inscription is either principal or secondary. 

21. In describing coins, the terms right and left mean the right 
and left of the spectator, not the heraldic and military right and 
left, or those of the coin. 

22. A bust is the representation of the head and neck ; it is com- 
monly used of such as show at least the collar-bone, other busts 
being called heads. 

23. A head properly means the representation of a head alone, 
without any part of the neck, but it is also commonly used when 
any part of the neck above the collar-bone is shown. In the pre- 
sent article we have followed custom in the use of the terms bust 
and head. 

24. A bust or head is either facing or in profile, in which latter 
case it is described as to right or to left. Two busts may be placed 
in various relative positions which cannot be described in English 
without circumlocution. 

25. A bust wearing a laurel- wreath is said to be laureate. 

26. A bust bound with a fillet is described as with a fillet. The 
term diademed is scarcely permissible. 

27. A bust of which the neck is clothed is said to be draped. 
VOL. XVI.. 


28. An object in the field of a coin which is neither a letter nor Arrange- 
a monogram is usually called a symbol. This term is, however,-<ionly ment of 
applicable when such an object is evidently the badge of a town Coins, 
or individual. The term adjunct, which is sometimes employed in- 
stead of symbol, is manifestly incorrect. 

29. A mint-marh is a difference placed by the authorities of the 
mint upon all money struck by them, or upon each new die or sepa- 
rate issue. This term is properly used only with reference to some 
medimval and modern coins, since the mint-marks of ancient and 
oriental coins cannot be discriminated with any certainty. 

30. A coin is said to be a surfrappe when it has been struck on 
an older coin, of which the types are not altogether obliterated. 

31. A double-struch coin is one in which the die or dies have 
shifted so as to cause a double impression. 

32. A coin which presents two obverse types, or two reverse 
types, or of which the types of the obverse and reverse do not cor- 
respond, is called a mule .* it is the result of either a mistake or a 
caprice. 


Sect. IL— AHHANGEMENT OF COINS. 

No uniform system has as yet been applied to the arrange- 
ment of all coins. It is usual to separate them into the three 
great classes of ancient coins, comprising Greek and Roman ; 
of mediaeval and modern coins ; and of oriental coins. The 
details of these classes have been differently treated, both gene- 
rally and specially. The arrangement of the Greek series has 
been first geographical, under countries and towns, and then 
chronological, for a further division ; that of the Roman series, 
chronological, without reference to geography ; that of the 
mediaeval and modern, the same as the Greek ; and that of the 
oriental, like the Roman, — a treatment inadmissible except in the 
case of a single empire. Then, again, some numismatists have 
separated each denomination or each metal, or have separated 
the denominations of one metal and not of another. There has 
been no general and comprehensive system, constructed upon 
reasonable principles, and applicable to every branch of this 
complicated science. Without laying down a system of rules, 
or criticising former modes of arrangement, we offer the follow- 
ing as a classification which is uniform without being servile; — 

1. Greek Coins . — ^All coins of Greeks, or barbarians who 
adopted their money, struck before the Roman rule, or under 
it, but without imperial effigies. The countries and their pro- 
vinces are placed in a geographical order, from west to east, 
according to the system of Eckhel, with the cities in alpha- 
betical order under the provinces, and the kings in chrono- 
logical order. The civic coins usually precede the regal, as more 
important. The coins are further arranged chronologically, 
the civic commencing with the oldest, and ending with those 
bearing the effigies of Roman emperors. The gold coins of 
each period take precedence of the silver, and the silver of the 
copper. The larger denominations in each metal are placed 
before the smaller. Coins of the same denomination and period 
are arranged in the alphabetical order of the magistrates’ 
names, or letters, &c., that they bear, 

2. Roman Coins . — ^All coins issued by the Roman common- 
wealth and empire, whether struck at Rome or in the ]provinces, 
provided in the latter case that they are absolutely of the same 
character as the coinage of the city. The oldest proper Ro- 
man money is placed first, chronologically arranged ; then that 
of the commonwealth, bearing the names of those who had the 
privilege of striking it, coins of all metals and denominations 
being placed under each family, and the families being put in 
alphabetical order ; and, lastly, the coinage of each emperor, 
disposed either chronologically or geographically, according to 
the indications it offers, and without separation of denomina- 
tions. An alphabetical arrangement of inscriptions must be 
resorted to in the family series and the imperial, when no other 
method can be followed, and in the smallest subdivisions, such 
as the coinage of one denomination issued in a particular year 
or by a particular mint. 

3. Mediceval and Modern Coins of Europe . — All coins 
issued by European states, their branches and colonies, from 
the fall of the Empire of the West to the present day. This 
class is arranged in a geographical and chronological order, as 
similar as possible to that of the Greek class, with the im- 
portant exception of the Byzantine coins and the coins follow- 
ing Byzantine systems, which occupy the fiirst place. Tho 
reason for this deviation is, that the Byzantine money may 
be regarded not alone as the principal source of medisev^ 
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Greek coinage, but as the most complete and impoitot mediav^ 
Coins, seri^ , extending as it does without a break throughout the 
— middle ages. The regal coins usually precede the civic ones, 
as more important ; and the medals of each soTereign or city 
follow the coins. The money of the Turkish empire is in- 
cluded in the oriental class. ... 

4. Oriental Coi/ns.—kO. coins hearing insengtions in eastern 
languages, excepting those of the Jews, Phoenicians, and Car- 
thaginSns, which are classed with the Greek coins, from their 
close connection with them. These coins should he arranged 
under two great divisions, Pagan and Mohammadan, — ^the one 
nearly corresponding to the Greek and Roman class, the other 
to the mediseval and modern; for although the former includes 
modern coins, they are essentially similar to those of the 
ancient period. The first division is arranged for the most 
part according to the same general principles as the Greek 
series, the kingdoms being disposed geographically, and their 
sovereigns in a chronological order. It commences with the 
coinage of the Persian empire, and ends with that of China. 
The second division follows in general the same method of ar- 
rangement, with one important deviation, that the coins of the 
Umawee and Abb^see Khaleefehs occupy the first place. ^ 

This method of arrangement will be fonnd to be as uniform 
as it can be made, without being absolutely mechanical and ser- 
vile. It differs in some important particulars from most or 
all of those which have previously obtained ; but these very dif- 
ferences are the result of the consideration of a complete col- 
lection, and have therefore an inductive origin.^ A general 
uniformity is no slight gain, and may well reconcile us to some 
partial defects. These defects may be remedied in large col- 
lections by the use of “ cross-references” from one cabinet to 
another, and by the formation of independent series to illus- 
trate the general one. The latter suggestion is one that is well 
worthy careful consideration. A series illustrative of Greek 
art, and another of Roman art, might be formed. A series of 
portraits, and another of groups, would be eq[ually valuable. 
Others might be made to show the changes of the coinage in 
relation to the condition of a state, with careful indications of 
the weight and composition of the examples, and to illustrate 
the history of a particular country or city. Thus, the Byzan- 
tine copper coinage exhibits the success or disaster of the im- 
perial arms, and the financial state of the empire, in its fluctu- 
ations ; while nothing can be more interesting than to see at 
one view the numismatic history of a great city. We have 
coins of Rome under the commonwealth and the empire, under 
the Ostrogoths, the Byzantines, the senate, and the popes. 
The series of London would be not the least curious. It would 
begin with the Roman coins issued by the mint of Loudinium 
at the time of Diocletian and his colleagues, comprising those 
of the usurpers Carausius and AUectus ; then, having ceased 
not long after for a time, it would recommence with the Saxon 
pennies, including a specimen of those of King Alfred, which 
have for their reverse type the monogram of the city’s name ; 
and, continuing through the mediaeval period, it would con- 
clude with modern tokens and medals, among the latter of which 
might be placed a copy of that famous one of the first Napoleon, 
with the inscription “ Brapp^e h. Londxes,” which was intended 
to commemorate the success of the Boulogne expedition. 


Sect, ni— GREEK COINS. 

There are some matters relating to Greek coins in general 
which may be properly considered before they are described 
in geographical order. These are their general character, 
their devices and inscriptions, the art of such as are not 
barbarous, the mode of striking, and the chief denomina- 
tions, with the different talents of which they were the divi- 
sions. 

f The period during which Greek coins were issued was proba- 
® bly not less than a thousand years in length, commencing about 

the middle of the eighth century b.c.,^ and generally ending at 
the d^th of Gallienus, a.d. 268. If classed with reference only 
to their form, fabric, and general appearance, they are of three 
principal types,— -the archaic Greek, the ordinary Greek, and 


the Graeco-Roman. The coins of the first class are of silver, Greek ' 
of electrum, and sometimes of gold. They are thick lumps of Coins, 
an irregular round form, bearing on the obverse a device, with, ^ 
in some cases, an accompanying inscription ; and on the reverse 
a square or oblong incuse staM {quadratum incusum), usually 
divided iu a rude manner. The coins of the second class are 
of gold, electrum, silver, and copper. They are much thiuner 
than those of the preceding class, and usually have a convex 
obverse, and slightly concave or fiat reverse. The obverse or- 
dinarily bears a head in bold relief. The coins of the third 
class are, with very few exceptions, of copper. They are flat 
and broad, but thiu, and generally have on the obverse the 
portrait of a Roman emperor. It may be observed that the 
common division of Greek coins is into autonomous and im- 
perial, the former comprising aU except those of the Roman 
period which have the effigies of emperors. 

In choosing the types of Greek coins (uskig the term in its Devices, 
restricted sense), the first intention was, that they should in- 
dicate the city or state by which the money was issued. The 
necessity for distinctive devices was most strongly felt in the 
earlier days of the art, when the obverse of a coin alone bore 
a design, and, if any inscription, but the first letter, or the 
first few letters, of the name of the people by which it was 
issued. The motive which dictated the kind of type to be 
selected was undoubtedly a religious one. This position has 
been established in a conclusive manner by Mr Burgon in his 
Inquiry into the Motive which influenced the Ancients in 
their Choice of the Various Representations which we find 
stcmwped on their Money, ^ There are some isolated instances 
in which the religious character of a type is doubtful ; but 
these, if proved, would be only exceptions to a general rule. 

The piety of that age adopted religious devices, and for a long 
time it was held to be impious to substitute any other repre- 
sentations for them. To the same cause may, perhaps, be partly 
ascribed the preference on the most ancient coins for devices 
of a symbolical character to actual representations of divini- 
ties ; although the difficulty of portraying the human form in 
the infancy of art must have had considerable influence in this 
direction. 

Greek coins, if arranged according to their types, fall into Classifica. 
three classes, — 1. Civic coins and regal, without portraits oftion of 
sovereigns ; 2. Regal coins bearing portraits ; and, 3. Graeco- devices, 
Roman coins, whether with imperial heads or not. The coins 
of the first class have either a device on the obverse, and the 
quad/ratuTn incusum on the reverse, or two devices ; and these 
last are again either independent of each other, though connected 
by being^ both local, or — ^and this is more common — ^that on the 
reverse is a kind of complement of that on the obverse- It 
will be best first to describe the character of the principal 
kinds of types of the first class, and then to notice their 
relation. It must be noted that a head or bust is usually an 
obverse type, and a figure or group a reverse one ; and that, 
when there is a head on both obverse and reverse, that on the 
former is usually larger than the other, and represents the 
personage locally considered to be the more important of the 
two. We must constantly bear in mind that these types are 
local and religious, if we would understand their meaning. 

An observation of Mr Burgon, in the essay to which refer- 
ence has just been made, puts this in a very clear light. I 
do not believe,” he says, “ that the types of coins are, on any 
occasion, original compositions, but always copied (from the 
earliest to the lowest times) from some sacred public monu- 
ment. Thus, when we find what is called a Boeotian buckler 
^on coins, we are not to look upon the representation as a 
Boeotian ’buckler , but as the buckler of some Boeotian hero well 
known to the anpieixt inhabitants of that country, and ac- 
counted to be sacred by them. In like manner, when we find 
Minerva represented on coins, we are not to understand the 
type as a Minerva, but the Minerva of that place; and, in 
some cases which might be brought forward, the individual 
statues which are represented on coins, or ancient copies, 
will be found to exist. The only example of originality 
of composition apparent on coins is where types have been 
doubled or halved, to express similar modifications of value.”® 


^ It is extrmely difficult to fix the age of the earliest coins known to us ; but on the whole it seems most reasonable to assume for them the ap- 
pro^ative date we have given. They may be somewhat older, but it is scarcely possible that they can be much later. 

^ ^umumafic Journal, vol. 1, p. 97, et segq, 

doubling of a type is also indicative of two sovereigns reigning together, or of a and his queen, ex- 

amples of both of which cases occur on the Ptolemaic coins* a a s , ^ , 
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.Crreek In the following list we have classified the types of Gfreek coins 

Coins, of cities, and of kings, not having regal portraits, in a syste- 
matic order, without referring to their relative antiquity 

Coins with- q. Head or figure of a divinity worshipped at the town, or by the 
out regal people, which issued the coin, — as the head of Pallas on coins of 
portraits. Athens, and the figure of Hercules on coins of Boeotian Thebes. 

Groups are very rare until the period of Grseco-Roman coinage. 

2. Sacred natural or artificial objects. 

а. Animal sacred to a divinity of the place, — as the owl 

(Athens), and the tortoise (.®gina). 

б. Sacred tree or plant, — as the silphium (Gyrene), and the 

olive-branch (Athens). 

c. Arms or implements of divinities, — as the arms of Her- 
cules (Erythrae), the tongs of Vulcan (.^sernia). 

It is difficult to connect many objects comprised in this class with 
local divinities. The reason of this appears to be, that the Hellenes, 
wherever they colonized, and nowhere more than in Greece, found 
an earlier system of low Hature-worship, and endeavoured to incor- 
porate it into their own more intellectual mythology, sometimes 
with hut partial success. 

3. Head or figure of a local genius. 

a. River-god, — as the Gelas (Gela).^ 

I, Kymph of a lake, — as Oamarina (Camarina), 

c. Ifymph of a fountain, — as Arethusa (Syracuse), 

4. Head or figure of a fabulous personage, or half-human mon- 
ster, — as Medusa (Neapolis Macedonias), the Minotaur (Cnossus). 

5. Fabulous animal, — as Pegasus (Corinth), a gryphon (Panti- 
capaeum), the Chimaera (Sicyon). 

6. Head or figure of a hero or founder, — as Ulysses (Ithaca) ; the 
Lesser Ajax (Locri Opuntii); Taras, founder of Tarentum (Taren- 
tum). 

7. Objects connected with heroes. 

Animal connected with local hero, — as Calydonian boar or 
its jaw-bone (iEtolians). Arms of heroes also occur as 
types, hut their attribution to particular personages is 
difficult or impossible. 

8. Celebrated real or traditional sacred localities, — as a mountain 
or hillock (Apollonia Illyrici), the Labyrinth (Cnossus). 

9. Representations connected with the public religious festivals and 
contests, — as a chariot victorious at the Olympic games (Syracuse). 

The relation of the types of the obverse and reverse of a 
coin is a matter requiring careful consideration, since they fre- 
quently illustrate one another. As we have before observed, 
this relation is either that of two independent objects, which 
are connected only by their reference to the same place, or the 
one is a kind of complement of the other. Among coins illus- 
trating the former class we may instance the beautiful silver 
didrachms of Camarina, having on the obverse the head of the 
river-god Hipparis, and on the reverse the nymph of the lake 
carried over its waters by a swan ; and those of Sicyon, having 
on the obverse the Chimaera, and on the reverse a dove. The 
latter class is capable of being separated into several divisions. 
When the head of a divinity occurs on the obverse of a coin, 
the reverse is occupied by an object or objects sacred to that 
divinity. Thus the common Athenian tetradrachms have on 
the one side the head of Pallas, and on the other an owl and an 
olive-branch ; the tetradrachms of the Chalcidians in Macedonia 
have the head of Apollo and the lyre ; and the copper coins of 
Erythrae have the head of Hercules and his weapons. The same 
is the case with subjects relating to the heroes: thus there are 
drachms of the JEtolians which have on the obverse the head 
of Atalanta, and on the reverse the Calydopian hoar, or its 
jaw-hone and the spear-head with which it was killed. In 
the same manner the coins of Cnossus with the Minotaur on 


the obverse, have on the reverse a plan of the Labyrinth, Greek 
Besides the two principal devices, there are often others of less Coins, 

importaiice, which, although always sacred, and sometimes ^ 

symbols of local divinities, are generally indicative of the 
position of the towns, or have some reference to the families 
of the magistrates who used them as badges. Thus, for ex- 
ample, besides such representations as the olive-branch, sacred 
to Pallas, on the Athenian tetradrachms, as a kind of second 
device dolphins are frequently seen on coins of maritime places; 
and almost every series exhibits many symbols which can only 
he the badges of the magistrates with whose names they occur. 

Regal coins of this class are usually of a local character, owing 
to the small extent of most of the kingdoms, which were rather 
the territories of a city than considerable states at the period 
when they were issued. 

The second great class — ^that of coins of kings hearing por- Coins with 
traits — ^is necessarily separate from the first. Religious feeling regal por- 
afibrds the clue to the long exclusion of regal portraits. It traits, 
was not the result of that native horror of despotic power 
which made the early Greek kings or tyrants, from necessity or 
through policy, ape the character of citizens ; but it was owing 
to a yet stronger feeling — ^the belief that it would be profane 
for a mortal to take a place always assigned hitherto to the 
immortals. Were there any doubt, it would be removed by 
the character of the earliest Greek regal portrait, that of 
Alexander, which occurs on coins of Lysimachus. This is not 
the representation of a living personage, but of one who was 
not alone dead, but had received a kind of apotheosis, and who 
having been’ already called the son of Jupiter Ammon while 
living, had been treated as a divinity after his death. He is 
therefore portrayed as a young Jupiter Ammon. Probably, 
however, he would not have been able, even when dead, thus 
to usurp the place of a divinity upon the coins, had not the 
Greeks become accustomed to the oriental worship” of the 
sovereign which he adopted. This innovation rapidly pro- 
duced a complete change ; and every king of the houses which 
were raised on the ruins of the Greek empire could place his 
ortrait on the money which he issued, and few neglected to 
0 so, while the sovereigns of Egypt and Syria even assumed 
divine titles. 

The reign of Alexander produced another great change in 
Greek coinage, very diiferent from that we have noticed. He 
suppressed the local types almost throughout his empire, and 
compelled the towns to issue his own money, with some slight 
difference for mutual distinction. His successors followed the 
same policy; and thus the coins of this period have a new 
character. The obverses of regal coins with portraits have 
the head of the sovereign, which in some few instances gives 
place to that of his own or his country’s tutelary divinity ; 
while figures of the latter sort almost exclusively occupy the 
reverses. Small symbols on the reverses distinguish the towns 
in this class. 

The Graeco-Roman coins commence, at different periods, Graeco- 
with the seizure by Rome of the territories of the Greek Roman 
states. They are almost all copper ; and those in that metal coins, 
are the most characteristic and important. In their types we 
see a further departure from the original religious intention 
of those of earlier times, in the admission of representations 
not alone of eminent persons who had received some kind of 
apotheosis, such as great poets, but also of others, who, al- 
though famous, were not, and in some cases probably could 
not have been, so honoured. We also observe on such of 
these coins as are Greek imperial many Roman types of an 


^ The head of a river-god, supposed to be the Aohelous, is represented on coins of (Eniadae as that of a bearded man covered with the shin of 
the head and neck of a bull. Col. Leake (Numsmata EeUmicaj Eur. Greece, pp. 79, 80) notices how this illustrates a passage in the TraMtiim of 
Sophocles, where Dejanira describes the forms under which the Aohelous appeared as her suitor. 

ioirm imfyhs rciSpef, kxXor ettiXog 
A^uxuv iXiHVos, aXXcr xvru 

hsfpxtvovro x^muteo grorovJ^ (9—14.) 

The scholiast alludes to a passage in the description of the contest of Achilles with the rivers, in the Iliad, where the Scamander throws forth the 
slain, bellowing like a buU, fAtfAvxag fttn rxv^cg (xxi. 237.) The whole is very illustrative of tbe feeling which gave rise to the representations of 
vases and coins. Homer stands before the period of these designs, whereas tbe tragedians lived long after its commencement. He is original, 
while they may but reflect in tbeir writings the subjects which they saw everywhere portrayed. It may be observed, tbat the first and third forms 
of the Aohelous mentioned by Sophocles ocemr as those of rivers on vases and coins, besides tbat the third is varied by being represented without 
a be^rd,and that the second is found on vases, as ihat of the Aohelous. A bull is the most common symbolical form of a river on the coins. 
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may be specified, in addition 
classes : — 

1. Head or figure of a famous personage who either had received 
a kind of apotheosis, as Homer (Smyrna) or had not been so ho- 
noured, as Herodotus (Halicarnassus), and Lais (Corinth). 

*> Pictorial representations, always of a sacred character, al- 
though occasionally bordering on caricature. We may instance, 
as of the latter sort, a very remarkable type representing Pallas 


engravers of the dies, of whom sometimes two were employed, 
one for the obverse, and the other for the reverse ; or are dates. 

These inscriptions are often but abbreviations or monograius, 
especially when they indicate cities on the regal coins. 

The importance of Greek coins as illustrating the character Art of 
of contemporary art cannot be easily overrated. We would coins, 
here speak of them in this relation in a general sense, without 
as to their bearing on particular branches of art. 


Roman 

colonial 

coins. 


Inscrip^ 

tions. 


illustrating 
luaa Phrygim). 

3. Allegorical Roman types, as Hope, &c., on the coins of Alex- 
andria of Egypt, and many other towns. These were of Greek 
origin, and owed their popularity to the sculpture executed by 
Greeks under the empire ; but the feeling which rendered such 
subjects prominent w^as not that of true Greek art, and they are 
essentially characteristic of the lower school, which attained its 
best condition at Rome under the early emperors. Of this sort 
of type we must again speak in noticing the Roman coinage. 

Those kinds of types which were common to this and the 
older classes were also considerably developed in their sub- 
jects. Thus, for instance, groups frequently took the place 
of single figures ; and the representations of sacred localities 


numents. It is indeed most desirable that something of this 
kind should be attempted. The question that is here proposed 
has not received a proper consideration ; and the partialities 
of a period of bad taste, themselves founded on partly spurious 
merits, have been handed down as traditions not to be ques- 
tioned to those who receive with too blind a reverence all the 
productions of Greek art. Not alone discriminating^ praise, 
but the most jealous observation of faults, characteri2es the 
highest kind of regard. All human art must be faulty ; and 
blind admiration indicates nothing better than a weak judg- 
ment. The Greek artists, indeed, by making beauty the first 
quality in art, and by forming a system which, w^hile it for- 
bade extravagance, checked development, committed few-er 
acQuired a great prominence — ^the most common being of faults than any others ; but they did commit some faults, 


buildings, which are generally temples. In the architectural 
types, a tendency to pictorial representation is evident in the 
constant endeavours to depict; edifices in perspective. 

There is a class of coins which is always considered as part of 
the Greek imperial, or Graeco-Roman with imperial effigies, 
although in many respects distinct. This is the colonial series, 
struck in Roman coloniae, and having almost always Latin in- 
scriptions. As, however, these coloniae were towns in all parts 
of the empire, from Emerita in Spain (Merida) to Niniva 
Claudiopolis (NineDeK) in Assyria, in the midst of a Greek 
population, and often of Greek origin, their coins help to 
complete the series of civic money, and, as we might expect, 
do not very markedly differ from the proper Greek imperial 
coins, except in having Latin inscriptions, and showing a 
preference for Roman types. 

We have now to speak of the meaning of the inscriptions 
of Greek coins. These are either principal or secondary ; but 
the former are always intended when inscriptions are men- 
tioned without qualification, since the secondary ones are non- 
essential. The inscription of civic money is almost always 
the name of the people by which it was issued, in the geni- 
tive plural, as AGHNAION, on coins of the Athenians ; 
STPAKOSinN, or coins of the Syracusans. The inscription 
of regal money is the name or name and title of the sovereign 
in the genitive, as AAE^ANAPOT, or BASIAEHS AAEH- 
ANAPOT, on coins of Alexander the Great. It has been 
hitherto always supposed that the word understood is “ mo- 
ney ; SO that the inscriptions were read “ money of 

the Syracusans,” ‘‘money of Alexander,” &c. Mr Burgon 
has, however, formed a different opinion ; and although he 
has not yet made public the results of his inquiry, he has ver7 
generously communicated them to us, with permission to use 
them, without of course entering into details. He supposes 
the inscription to relate to the type, and that the word under- 
stood is the name of that type. It should he remarked that the 
type of the reverse of a coin being usually a complement of that 
of the obverse, there is in general virtually but one type — that 
of a tutelary divinity of the place or sovereign. The Athenian 
coins we have mentioned with the inscription AGHNAIflN have 
the type of a head of Pallas ; and the meaning is therefore. 


Notwithstanding the geometrical severity of their temples, 
the rigid exclusion of historical subjects from their sculpture 
of the best period, and the tameness of their use of colour in 
ceramic art, they have been in some things guilty of bad taste. 
Nothing could be more barbarous than to represent not only a 
human figure, but that of a woman, sustaining a vast weight, 
and sustaining it with difficulty. If it be excusable to repre- 
sent giants thus supporting great masses, can it bo to put 
women in their place as the columns on which a building 
rests 1 So, too, in sculpture — in a higher sense, and therefore 
as deserving far stronger censure — is false taste shown in 
the exclusion of historical subjects, because they were not ca- 
pable of ideal treatment. Who can forgive a nation which 
was content to commemorate the battle of Marathon in a 
perishable painting, when meaningless combats of Greeks and 
Amazons, sculptured in enduring marble, adorned the walls of 
its temples ? Great Pericles must be represented in a helmet, 
because his head was too long to be symmetrical. Thus the 
Greeks, with their love of material beauty, could not fully per- 
ceive the intellectual beauty of truth. In ceramic art, \vo find 
even in the best period faulty forms and exaggerated designs. 
We must the more carefully look for such things since the gene- 
ral excellence and uniformity of Greek high art is apt to deaden 
the power of discrimination. So long, however, as we know 
that this was a human art, worked out by human hands, which, 
like all other art, had its infancy, its manhood, and its decline 
and death, we know that it cannot have been perfect, and 
mistrust our judgment if for a time wo think it so. Feding 
thus, we come to the consideration of any monuments of Greek 
art, not without earnest admiration and respect for its high 
beauties and excellencies, yet conscious of its defects and short- 
comings ; expecting to see in it, as in all human things, the mys- 
teriously-blended good and evil, and carefully maintaining such 
an independence as may enable us to avoid blind admiration, 
and such an interest as may preserve us from cold criticism. 

Excellence in art is not perceived at the first search, nor 
does it shine out in the boldest objects. So in nature the 
highest beauty often demands the greatest toil, and is found 
at last, not flaunting in the glare of sunlight, but hidden in 
some untrodden recess. We must not look to size, nor regard 


according to Mr Burgon’s explanation, not “ the money of the boldness, nor think of the value of the material. We must 
Athenians,” but ‘‘Pallas of the Athenians.” When the name even set aside the mechanical fineness of execution, seeking 


of the divinity represented is written, the word understood is 
supplied. Thus on coins of Syracuse, with the head of Aie- 
thusa as the type, we read APE0O2A— STPAKOSmN; and 
on others, with the head of Jupiter, ZEX2 EAETGEPIOS— 
2TPAK02inN. We should not be justified in further dis- 
cussing this explanation ; but we must add, that its fitness to 
all inscriptions, and its congruity with the religious meaning 
of the types, as first discovered by Mr Burgon, afford the best 
^guments for its correctness. The secondary inscriptions 
either describe secondary types, as A0AA, accompanying the 
representation of the arms given to the victor in the exer^es 


only that pure excellence that requires no adventitious aid, 
and is seen, at least in its intention, through a rude exterior. 
A few lines by the hand of a master have more meaning than 
the most elaborate work of a copyist. It is also needful care- 
fully to separate the subject from the artistic execution. A 
fine head will often give a medal a supposititious excellence, 
while another difficult to treat will produce an equally sup- 
posititious badness. 

The art of Greek coins, strictly so called, is separated into 
three great periods — ^the period of advance, that of excellence, 
and that of decline. Tl^e first period extends from the time 
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of tte earliest coins to about tbe commencement of the admin- 
istration of Pericles, b.c., 440; the second period extends for 
about a century from this era to the overthrow of Greek liberty, 
which we may date at the battle of Chaeroneia, b.c. 338 ; and 
the third period extends downwards to the cessation of the 
Greek coinage, at the death of GaUienus, a.d. 268. The last 
age might be held to conclude with the commencement of the 
Roman empire, since about that time the decline of pure Greek 
art had been completed, and the later coins are rather to be con- 
sidered as Grasco-Roman in art, as in all else, than Greek. 
Here, however, we limit ourselves to the works of the second 
period, that of excellence, to which we have assigned a dura- 
tion of about a hundred years, from b.c. cir. 440 to 340. These 
may be considered as extreme limits, since in some Greek cities 
the coinage did not attain its highest beauty until somewhat 
after the rise of Pericles to power, and in none, before his 
time ; and in the same manner, the decline appears in some 
cities to have commenced considerably before the reign of Alex- 
ander, but nowhere at a later period. It seems probable, judg- 
ing from the chronological and historical indications of coins, 
as well as from the relative number of those of different styles, 
making, in the latter case, some necessary allowances, that in 
no city or state did the period of excellence last more than a cen- 
tury, and that its usual duration was from fifty to seventy years.** 
The finest Greek coins may be separated into two great 
classes, distinguished by a marked difference of style : those 
struck in Greek cities of Asia, of eastern Europe, and of the 
islands of the .^gean Sea ; and those struck in Italy and 
Sicily. The former class has far finer designs than the latter, 
but is frequently deficient in execution, partly, no doubt, on 
account of its having been issued by less opulent cities. The 
difference is not unlike that which we observe in ancient 
and modern gems, although it is not nearly so wide. An 
ancient gem of good time is characterized by an excellence of 
design, usually combined with an execution which is, however 
powerful, poor and rude. A modern gem rarely fails in skil- 
ful execution, although its design is generally, in comparison, 
either tasteless or in bad taste. The coins of Greece Proper 
and its eastern colonies during the best period, although often 
indifferently executed, show an unequalled vigour of drawing; 
while those of the Italian and Sicilian cities display far inferior 
art, of which the details are worked out in the most elaborate 
and delicate manner. The obverse- type of a coin of the Greek 
class looks like the copy of a head from the sculptures of the Par- 
thenon ; that of one of the Italian class, like a carefully-wrought 
gem. The former will hear magnifying rather than the latter, 
which has, nevertheless, the advantage in the execution of its 
details. We may thus separate two great schools, which may 
be compared to those of Phidias and Lysippus, as possessing 
like them these main characteristics : that the one aimed at 
reality, — the other at effect ; the one at representing things as 
they are, either in reality or in the imagination, — ^the other at 
representing them so as to be seen to the best advantage. 
While the two schools endeavoured to attain the same result, — 
a representation of what was most beautiful, — they did so with 
a very different feeling. The nobler school set before it the 
perfection of various kinds of beauty, the vigorous as well as 
the delicate, and thus did not suffbr itself to be entangled by 
that narrow pursuit of one class of objects which infallibly pro- 
duces mannerism. The inferior school, by requiring all beauty 
to be soft, and delicate, and rich, fell into the error of neglect- 
ing many noble subjects, and soon acquired a mannerism that 
rapidly destroyed its best elements, so that its decline (as 


shown by coins of known date) was far more rapid than that 
of the other. The difference between the two schools is best 
perceived when we recollect that the one contains examples of 
all that is finest in the other, with the addition of many 
beauties which it does not possess. The Greek school repre- 
sents, in fact, all high Greek art ; while the Italian is but 
eclectic, and is almost limited to one kind of excellence. We 
therefore only call the former a school for the sake of clearness. 

The coins of the pure Greek school have scarcely been 
enough studied for us to be able to point to one well- 
knovrn series as typical of tbe class. This is, however, partly 
owing to a cause to which allusion has been already made — 
the fewness of fine coins of this school in comparison to those 
of the Italian school of the same time, resulting from the rela- 
tive poverty of the towns by which they were issued. The 
rude archaic types of the Athenian coinage of the time of the 
Persian invasion were maintained until art had far declined, 
probably from commercial reasons and the art of the chief 
trading cities of the west coast of Asia Minor was checked by 
their conquest or government by the Persians at the time of 
its excellence. Corinth alone, of the great marts, sent forth a 
consistently beautiful coinage. The Italian and Sicilian towns, 
on the other hand, had wealth and leisure enough to carry out 
efficiently in their coinage their highest idea of beauty. The 
series which, as a whole, best illustrates the excellencies of the 
Greek school, is one not deservedly known to numismatists, 
while it is absolutely unknown to students of art. This is the 
series of electrum coins of Asia Minor, in so far as it was 
issued during the period of the best art. The rest of the finest 
coins of this school are almost exclusively silver ; gold or elec- 
trum not having been generally common in the Greek cities 
before Philip’s time, and the copper money having been usually 
neglected. As among the most beautiful Asiatic coins, we 
must particularize those of Ohizomenas in gold and silver, of 
the early part of the best period, which bear heads of Apollo, 
facing, in the boldest and grandest style. In Europe, many 
of the cities of Macedon, Thrace, and Greece Proper, issued 
pieces of the highest merit. Nothing in the whole range of 
Greek art is more beautiful than the head of Apollo in profile on 
coins of the Chalcidians ; nor anything bolder than that of Bac- 
chus in profile on a coin of Thasos, and that of Mercury, facing, 
on coins of AEnus. In Greece itself, we may notice, as among 
the finest coins, those of Elis, with the head of Juno, and those 
of the Locri Opuntii, with that of Proserpine. After a care- 
ful i^eview of the best specimens of this school, we perceive 
that it is identical with the highest school of sculpture, more 
remarkable for its fidelity, breadth, and boldness, than for its 
minuteness of execution, and equally happy in purely ideal 
subjects and in tbe simple portrayal of natural objects. There 
are no finer representations of the Greek divinities than those 
borne by the coins ; as a series there are none as fine. Of 
the portraits the same can be said, but in a lower sense, 
since there is but one that belongs to the period of the highest 
art, that of a Persian ruler of Asia Minor, whom there is much 
reason for supposing to be Cyrus the Younger, on a coin of a 
Greek mint. The decline of this school was, however, so 
gradual, tliat some of the portraits on coins of the earlier part 
of what we have called the third period, issued in Greece and 
the East, give an excellent idea of what the best Greek medallic 
art could have effected in this direction. The representation 
of natural objects in general is characterized by an equal degree 
of force and vigour, although there is no attempt to idealize the 
animals ; a lion is a lion, and nothing more.® 
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^ It is interesting to compare the duration of the highest Greek art in other branches, and that of other art in different ages. The period of 
the best Greek sculpture and architecture appears very nearly to correspond to that of the best numismatic art in place and duration, though pro- 
bably it was a little earlier both in its commencement and its conclusion. The age of the best painting seems to have been even more nearly con- 
temporary with that of the finest coins. The great sculptors and painters after the time of Philip, if we may judge from the copies of their works 
and the descriptions that are extant, stood very much in the same relation to their predecessors that the later Italian painters did to Raphael. 
The best Grseco-Roman art, in coins as well as in sculpture and architecture, had a longer duration, a circumstance which is explained by its com- 
parative mediocrity; but its utmost limit is less than two hundred years. In more ancient times, the highest Egyptian art in architecture and 
sculpture is likewise limited to a hundred and fifty years, although its rise and decline were of an extremely gradual character. The great variety 
of the developments of Christian architecture make it difficult to determine its best periods ; but if we separate it into styles, we shall find that the 
highest excellence of no one much exceeded a century and a half. The same is still more true of the modern schools of painting and sculpture, and 
of the art of modern coins and medals. If wo turn to the East, we observe the same law in the different styles of Mohammedan architecture. The 
brief duration of the highest art of Greek coins is therefore in no way remarkable ; especially when we recollect that its excellence was the result 
of a very rapid development, and was thus naturally, so to speak, as short-lived as it was extraordinary in its beauty. 

* The maintaining of the old Athenian types was probably owing to the reputation of the coins for purity and just weight among tbe barbarians, 
Eor the same reason the Austrian government not long ago re-issued the dollars of Maria Theresa for the trade of the Levant, The Abyssinians 
in general would lately take no money but one variety of these dollars. (Isenberg’s Amhairic JHctionaryj p. 86). 

” It might seem unreasonable to suppose that the lower animals could be treated in art in an ideal manner ; but it must be remembered that tbe 
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Tie most Ijeautiful coins of the Italian school, unlike those 
just noticed, are well known to every one. They have come 
to be regarded as examples of the highest Greek medallic art ; 
and hence, perhaps, in some measure the unworthy estimate of 
that art shown by the neglect with which it is treated. The two 
most beautiful series are unquestionably those of Tarentum 
and Syracuse, the wealthiest of the Grecian colonies in the West. 
Many of the gold coins of both cities belong to tbe best period 
of art, and for their rich beauty and exquisite workmanship 
deserve a high place in the scale of artistic excellence. ^ Their 
silver coins are still more worthy of careful study, as indicating 
the growth and decline of art, and as sometimes excelling the 
gold. The same praise cannot be given to the decadrachms of 
Syracuse, commonly called the Syracusan medallions. These, 
though certainly beautiful, display a considerable decline of 
taste, showing a first development of those faults which amount 
to caricature in many of the coins of the Carthaginians of 
which the obverse is similar. Scattered throughout the class 
there are coins of extreme beauty, especially some of the 
towns of Heraclea and Thurium in Lucania, perhaps the most 
vigorous of all in design and treatment ; and others of Neapo- 
lis, Metapontum, Yelia, and Terina, as well as of the Sicilian 
town of Camarina. These coins, and many others, are un- 
doubtedly extremely beautiful ; but as a class they lack the 
force which characterizes the purer school, and in their rich 
and profuse detail show a taste which must be pronounced 
false. We are apt to be dazzled in judging them by the fine- 
ness of their metal, the clearness of the execution, the accuracy 
of the work, and the richness of the designs ; but when we 
come to examine them critically, we look in vain for the 
bolder excellence of the Greek school ; we see not alone very 
few things that are vigorously treated, but scarcely any that 
would bear vigorous treatment. Stripped of their ornamenta- 
tion, many of the designs would be weak, and scarcely any of 
them, tried by this test, would be for a moment comparable with 
those of the Greek school. 

It is important to study the mode in which Greek money 
was coined, because the forms of the pieces thus receive ex- 
planation, and true coins are discriminated from such modem 
falsifications as have been struck, and in some degree from 
those which have been cast. Our direct information on the sub- 
ject is extremely scanty ; but we are enabled by careful infer- 
ence to obtain a very near approximation to the truth on all the 
most important points. 

It is generally supposed that a certaiu Eoman family coin, 
issued in the time of Augustus, bears a representation of the in- 
struments of coining. It is a denarius of the family Carisia, and 
sometimes bears the name of T. Carisius, who was a triumvir 
mouetaliB of Augustus. On the obverse is the head of Juno 
Moneta, with sometimes the name MONET A ; on the reverse 
we see an anvil, above which is the cap of Vulcan, bound with 
a laurel-wreath, while on the right is a hammer, and on the 
left a pair of tongs. The cap is but little diiferent in form 
from that which is worn on the head of the bearded Vulcan 
on the coins of Lipara, and that of the young Vulcan on 
those of .^sernia ; the latter of which has a wreath like the cap 
of the denarius under discussion. It is also to be noted, that 
on some coins of Lipara, Vulcan is portrayed holding his 
hammer in his right hand, and in his left a vessel he has just 
formed ; while on those of iEsemia already mentioned the pair 
of tongs is placed behind his head as an appropriate symbol. 
Homer in two passages— the second of which Eckhel quotes — 
mentions the anvil, tongs, and hammer, as the implements of 
Vulcan, or of a worker in metal. First in the Iliads when he 
describes Vulcan making the armour of Achilles, he says — 

Q>vix.iv h yhro Be 

srsQ^(p/ ygpro 

{II. xviii. 476-7.) 

In the Odyssey the same are mentioned as the special im- 
plements of a worker in metal, and therefore, of course, of 
Vulcan : — 


r{Kh Be 

lu 7rs/^c&re>c 

rg, a(pu^cAv r, evTFoinroy rg 

Olaiv rg gt^ya^erd J’ {Odys. iii. 432-435.) 

There could be no better description than these two passages 
afford of the implements represented on the denarius in ques- 
tion : there we see the anvil with the projections by which it 
would be fitted in the anvil-block, the hammer, and the tongs ; 
nothiug is omitted by the poet but the cap, which indeed, 
stands for Vulcan, With this explanation Eckhel perfectly 
agrees ; but of late it has been usual to consider the type as 
representing the implements of coining. The cap has been 
supposed to be a die placed above the anvil, and the hammer 
and tongs to be here coining instruments. The form of the 
cap, however, would have been most inconvenient for a die, 
and the hammer is far better suited for beating out metal than 
for striking a very heavy blow. Just as the head of Juno 
Moneta is represented on the obverse because she was held to 
protect the coinage, so the symbols of Vulcan, the tools of his 
craft, are placed on the reverse because he was the patron 
of the workers in metal. We will go further and say, that 
such an explanation is fully in accordance with the intention 
which guided the ancient medallists, whereas the other would 
require a departure from usage. 

We are able to describe but a single ancient die of the 
authenticity of which we are persuaded. Mr Burgon, to 
whose kindness we are indebted for an account of it, saw it 
during his residence in the East, but failed to persuade its 
possessor to part with it. He describes it, from recollection, 
as a piece of copper or bell-metal, in the shape of a truncated 
cone, flat at the top and bottom, about 3-^ inches in height, 
and from about 3 incbes in diameter at the bottom to 2 at 
the top. In the upper surface was cut the die for the re- 
verse of a tetradrachm of a Seleucide king of Syria, with 
the type of Apollo seated on a cortina. There appears to 
have been no trace of any method of adjusting this to the die 
of the obverse. 

From the appearance which the coins present, it may be in- 
ferred that the Greeks placed a ball of metal, carefully ad- 
justed to the proper weight, and cold, between two dies, and 
then struck the upper die a powerful blow with a very heavy 
hammer. There was no collar to give the coins an exactly 
circular form. The dies must have been of hard metal, though 
less so than modern ones. Some Greek coins have been found of 
the same die, but such as the writer has seen did not present any 
evidence as to the wear to which their dies had been subjected. 

The Roman coins appear to have been struck in the same man- 
ner, but with a more careful adjustment of the two sides, yet 
without a collar. Their dies, although hard, must have been, 
like the Greek dies, softer than those of the moderns, since, in 
the case of coins from the same die, we can trace the increase 
of imperfections through wear, and this notwithstanding the 
small period for which each die was used, and the relatively few 
coins struck from it. In the case of Greek coins, there is simi- 
lar evidence, in the great number which have bad or imperfect 
impressions, although not worn ; since all these can scarcely 
owe their inferiority to insufficient force having been used in 
striking them* 

Some few Greek and Roman coins were cast and not struck ; 
others, at least in the latter series, were first cast to give them 
their general form, and then struck. Both cases, however, 
form very rare exceptions, and are confined to particular groups 
of coins, and not to isolated examples. 

The monetary system of which we propose now to speak is Monetary 
that of the Greeks and Phoenicians alone. The barbarians system, 
who imitated Greek coinage, and whose money is therefore in- 
cluded in the same great class, had also monetary systems, as 
the general exactness of the weight of the gold and silver coins 
of any one people at a particular period undoubtedly shows. 

For the present, however, we must be content to collect evi- 
dence as to what these systems were, without attempting to 
form theories. 

The money of the Greek cities, except those of the west of 
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the humim form, not alone in those expressions which depend upon mind, but in those which are not more than animal. The 
n M particular at leas t, surpassed them, since they idealized the forms of the lower animals with complete suooess. The 
nTi. enp. Northumberland from Gebel Berkel in Ethiopia, are the best ex^pCof this Access 

1 They show that the artist has grasped the idea conveyed to him by a Uon-oonsoious strSgth; and has re- 
presented It in a maimer whjoh is sublime without being unnatural. No Greek Uons are at all to be compared to^ese. , 
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6. 16*87 grs. troy = 1^ oliolus. 

7. Anu^oXov 22*5 „ = 2 oboll. 

Q ... — / 3 oboli, or 


7. AiufaoXov 22*5 

8. T^iajooXoVj OV*'B.fAi%oup^fA0V 33’7o 

9. TsT^&jSfl^av 45*0 

10. Hivrea^o'kov 56*25 

11. T^ira^rxfAo^ioVj or T^/- ) 0.4.0 


\ hemidrachm, 
= 4 oboli, 

= 5 do. 

=5 £ of obolus. 


vyifAO^tov J 

12. ^’iifitofsoXiov 5*62 j, zsz ^ do. 

13. TsTcc^Ttjfte^jov, or Tag- I 2*81 = ^ do. 

VYlfAQ^lOV J ” ^ 

There were 100 drachms in the mna or mina, and 60 mines in 
the talent. 


Asia Minor, which issued electrum coins, appears to have been 
of silver only from the origin of coinage until after the expe- 
dition of Xerxes. Subsequently both gold and copper money 
was issued. Silver, however, seems to have continued to be 
the standard, and the gold coins were struck in denominations, 
usually, if not always, derived from the silver ones. Silver, 
therefore, is the most important metal. 

The denominations of silver coins were divisions of the 
mna or mina, which again was a division of the talent. The 
mina and talent were monies of account as well as weights, 
and therefore, in discussing the coinage, they may be treated 
as coins. The only reason that they were not struck must 
have been their great weight. Although the same system of 
denominations obtained, with no very great variation, in all 
the Greek and Phoenician cities, yet there was a relative differ- 
ence of weight, owing to the use of at least four distinct 
talents. The ancients mention more talents than these, or else 
call some of them by more than one name. Mr Burgon, how- 
ever, after weighing a great number of coins, found no rea- 
son to distinguish more than four talents — ^the Attic, the 
JEginetan, the Alexandrian or Ptolemaic, and the Tyrian. 
The Attic talent was used by many Greek cities before Alex- 
ander’s time, and particularly had no rival in Italy, nor 
indeed in Sicily, except at two towns for a time at a very 
early period. Alexander adopted it, and thenceforward it be- 
came almost universal in Greek coinage. The weight of its 
drachm, as deduced from the best evidence, was properly about 
67*5 grains troy, and that of its tetradrachm about 270. There 
was in general no very great depreciation of the Attic weight 
in subsequent times until the Roman period. The weight of the 
principal denominations, the drachm and the tetradrachm, we 
have given to show the relation of the talents . Of the other de- 
nominations we shall speak afterwards. The JSginetan talent 
was as ancient as the Attic, and it is possible that it was even 
of an earlier origin, most coins of the remotest period being ad- 
justed to it. The Attic talent was, however, the standard of 
some of the oldest coins, and the instances of the change from 
the JEginetan to it are not, on the whole, of a character that 
would warrant the conclusion that it was of later origin. The 
-®ginetan talent is frequent in Greece and the islands in early 
times. Its drachm weighed about 96 grains, and the didrachm 
about 1 92 grains. The Alexandrian or Ptolemaic talent might, 
Mr Burgon holds, be more properly termed the Macedonian, 
The first Ptolemy, who was attached to all Macedonian usages, 
abandoned the Attic weight which Alexander had adopted, 
and issued money adjusted to the old talent of Macedon. We 
find this talent to have been that of the earlier coinage of the 
cities of Macedon and Thrace, and of the Macedonian kings, in 
both cases before Alexander the Great, and to have been re- 
stored, not invented, in the coinage of the kings of Egypt. In 
the former class, its drachm weighs originally about 58 grains, 
and its tetradrachm about 232 grains, but they fall gradually 
to much lower weights. In the latter class, the drachm weighs 
originally about 55 grains, and the tetradrachm about 220 
grains. The Tyrian, which might rather be called the Phoeni- 
cian talent, was in use among the Persians and Phoenicians. 
The Carthaginians, however, adopted the Attic talent in Sicily, 
while still using the Phoenician in Africa, as the kings of Syria 
struck their general coinage on the former system, but that 
of their Phoenician cities on the Alexandrian. The drachm 
of this talent weighed, according to Mr Burgon, between 58' 
and 59 grains, and the tetradrachm about 235.' The earlier 
Persian coins are of a somewhat heavier weight. The similarity 
of weight of the Alexandrian and Phoenician talents might sug- 
gest a common origin, but it would be hazardous, with the slight 
evidence we possess, to attempt to form anytheory on the subject. 

W e are best acquainted with the denominations of the coinage 
of Athens, which followed the Attic talent. These denomi- 
nations were — ^the drachm, with its multiples, and its sixth 
part, the obolus ; and that division, with its multiples ^d its 
divisions. The following list is drawn out from that in Col.. 
Leake’s Numumata Hellenica (European Greece, p. 21), 
where the standard weight of th*e Attic drachm is assumed to be 


67*5 grains : — 

1. AQctxf*>» 67*5 grains troy = 1 drachni. 

2* 135*0 „ =2 do. 

3. 270*0 „ =4 do. 

4. Asxu^etxf^ov 675*0 ,, =10 do. 

5. *0(lcXos 11*25 „ ‘ = i of drachm. 


in the civic money for which the Attic talent was used the 
most common piece was either the tetradrachm or the didrachm. 

Thus, at Athens the great currency was of tctradrachms, at 
Corinth of didrachms. In the money of the kings the tetra- 
drachm was the chief coin. The smaller pieces were nume- 
rous, though fewer than these two most important denomi- 
nations, except in the lesser cities, which did not frequently 
strike the latter. A smaller coin that is very frequent in the 
later period appears to have been an Attic tetrobolon, but 
was probably also considered to be an JEginetan hemidrachm, 
since it was introduced not long after the general abandonment 
of the system of the latter, and when its weight would have 
been preferred, from its near approach to that of a well-known 
coin of that system. Those cities which used the -iEginetan 
talent are not known to have issued any larger piece than the 
didrachm, which is their principal com* The drachm and 
hemidrachm are, however, also frequent. In the Alexandrian 
talent the most common pieces, during the early period, when 
it should rather he called Macedonian, were the tetradrachm, 
didrachm, and drachm. At first octodrachms were struck. 

Under the Ptolemies the common coins were tetradrachms, but 
decadracbms were also issued. The system of the denomi- 
nations of the Tyrian or Phoenician talent was somewhat 
different from that of the other talents, though not essentially 
so. The principle of division into thirds, seen in the Attic 
talent in the case of the obolus, which is the sixth part of the 
drachm, is more fully developed in the Phoenician talent. The 
Carthaginian coins are principally tetradrachms and didrachms, 
but dodecadrachms and decadracbms also occur, as well as 
drachms and smaller pieces. In the cities of Phoenicia tetra- 
drachms were the largest and the most important coins. In th e 
Persian series the principal pieces are tetradrachms and coins of 
a third of their value, with different types, which are usually 
called silver Darics. It is probable that this system tended to, 
produce the issue of the pieces called cistophori by the cities 
of the west of Asia Minor at a late period. These coins must 
originally have been struck as Attic tridrachms; but they 
appear afterwards to have been considered to be tetradrachms, 
and if this be established, they are examples of a fifth system. 

It is probable that the names of most denominations were the 
same among the Greeks, and that the Persians and Phoenicians 
had a different nomenclature, although the Greeks would have 
called their coins, in so far as they agreed with their own, by 
Greek appellations. 

The gold and electrum coinage appears to have been every- Gold 
where based upon the silver in its denominations; for, although money, 
in many cases it is very difficult to arrive at even a probable 
conclusion, from the fewness of specimens, all the direct evi- 
dence seems to be in favour of this opinion. The oldest coins 
are the electrum staters of the west of Asia Minor, commonly 
called in ancient times Cyzicene staters. Their weight is 
about 248 grains, which is a little in excess of that of the 
Phoenician tetradrachm. It contains, however, only about 186 
grains of pure gold, three-fourths of the whole weight, the re- 
maining murth being of silver, and as the latter appears not 
to have been taken into account, the relation seems rather to 
have been to the JEginetan didrachm. There were smaller 
denominations, of which one, the hecta, which was the sixth 
part of the Cyzieene stater, was very common. Other pieces 
appear to have the weight of the third of the stater. The 
Persian staters, anciently called Baric staters, and now gold 
Barics, are of pure gold, and are in weight equivalent to rather 
light didrachms of the Attic talent. In European Greece 
there is little gold money before the time of Philip of Macedon. 

He issued staters of the weight of Attic didrachms. Subse- 
quent kings struck ^staters, or gold tetradrachms ; hemistaters. 


^ SUmms Ocaalogm, Gre^i, Coins, p. 57* 
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OP ffold dracluns ; and smaller coins. The largest known coin 
of the cities which was struck in gold is the stater, and it is 
' usually less common than lower denominations, the system 
upon which this coin, which may be considered to be the basis 
of the gold money, was subdivided, has not yet been fully deter- 
mined. The Ptolemies struck staters, adjusted to the Alex- 
andrian talent, as well as octodrachms and pentadrachms. 

There are at least two distinct systems of denominations 
Greek copper money anterior to the Roman dominationj which 
we may term the Greek and the Italian. Of the former system 
the principal coin was the chalcus, or piece of brass, of which 
eight went to the oholus of silver. There was a smaller piece 
called a leptum, of which the chalcus is said to have contained 
seven. The coins have usually been so carelessly struck that 
it is difficult to separate them by weight. The Italian system, 
which was used in Italy and Sicily, and does not seem to he of 
foreign origin, is better known. The weight is more_ accurate, 
and the value is frequently marked upon the coins. The 
highest denomination was the as, according to the Roman 
nomenclature, which was at first, nominally, the pound coined, 
and was thence called (is lihTalis; and the unit was the uncia, 
or ounce, its twelfth part. The common divisions were the 
semissis or semis, the half of the as ; the triens, or third; the 
quadrans, or quarter ; the sextans, or sixth ; and the uncia. 
Although originally these were coined at near their full weight, 
they were afterwards rapidly reduced, until at length the as 
contained hut half an ounce of metal. 

(The most important works on the entire class of Greek coins 
may he here mentioned. The account of Greek coins in Eckhel’s 
JDoctrina Kumorum Fefertem,^ will be found to contain the condensed 
result of the studies of the author’s predecessors, with much valu- 
able matter of his own. Although not equal to the part relating 
to Roman coins, this treatise is of very high merit, and has not 
yet been superseded. Sestini, in his Clasut GenerdUs,^ has pub- 
lished an excellent companion and supplement to Eckhel. Poliow- 
ing that author’s arrangement, he has enumerated the principal 
inscriptions of Greek coins, and has thus afforded great assistance 
to those who are engaged in their classification. Mionnet’s volu- 
minous Description de Medailles Antiques^ &c.,® is very useful, but 
of little authority. It is a catalogue of Greek coins, compiled 
with much industry by one who had great practical knowledge, 
but who was not otherwise qualified to attain a high place as 
a numismatist. Colonel Leake has lately published a catalogue 
of examples and electrotypes in his possession of coins of the Greek 
series, excluding most of those struck by barbarians.'* The notices 
given in this work of the geographical, historical, and mythologi- 
cal references of the coins are of high value. The most important 
work on the weights of Greek coins is Bdekh’s Metrologische Un^ 
tersuchungen.^) 

We may now pass on to notice the Greek coinage of each 
country, following EckheTs arrangement, 

The series commences with Spain, Gaul, and Britain, three coun- 
tries of which the money presents a general resemblance, constitut- 
ing the only great class of barbarous Greek coinage. It must not 
be supposed that the money of the whole class is of one general 
character; on the contrary, it has very many divisions, distin- 
guished by marked peculiarities ; it has, however, everywhere one 
characteristic in common, — that its devices are corrupt copies of 
those of Greek or Roman coins. The earliest of these barbarous 
coins appear to be the best imitations of the gold and silver money 
of Philip II., King of Macedon. Next in order of time come the 
imitations of Roman family coins, the denarii of the commonwealth, 
in both Spain and uuul, and that copper money of the former 
country which followed its silver imitated types. There are in these 
coinages evident imitations of Greek designs, besides the Macedo- 
nian ones we have mentioned, to which it is not easy to assign a 
chronological place, though they are probably anterior to the imi- 
tations of the Roman coins, but not to the more accurate money 
of Greek colonies, especially Massilia in Gaul. It is useless to at- 
tempt a very minute classification of the subjects of these barbarous 
types, since the artists by whom they were executed did not properly 


understand them; and we must be contented if we can perceive the Greek 
general though accidental principles to which they owe their origin. Coins. 

The coinage of Hispania or Spain, corresponding to the modern v 
Spain and Portugal, was issued during a period of not more than ^ 
three hundred years, from about B.c. 250 to A.i>. 41. The earliest 
coins can scarcely be carried further back than B.c. 250, and pro- 
bably were issued long subsequently ; while the latest are of the 
reign of Caligula, during, or at the close of which, the coinage was 
evidently stopped. The money of this period was of four classes, 

the Celtiberian, or native ; that of the Phoenician, and that of the 

Greek colonies ; and the Roman coinage. To the Celtiberian class 
specimens of the earliest period of Spanish coinage undoubtedly be- 
long; so that its commencement was about, or probably after, B.c. 

250. Its cessation must have been caused by the subj ugation of Spain 
to the Roman commonwealth in the middle of the second century 
B.c. The coins are of silver and copper, no gold pieces being 
known. In form they are flat, and, in the case of the copper, rather 
thick. The silver have the general appearance of Roman family 
denarii, of which, indeed, they are imitations; while the copper again 
are imitations of the silver. The most common obverse-type of 
the coins in both metals is the head of a divinity, and the 
reverse-type a horseman or two horsemen. The inscriptions are in 
Celtiberian characters, and appear to be always the names of the 
cities, and perhaps also tribes, by which the coins were issued. 

The Celtiberian alphabet is manifestly of Phoenician origin ; but 
the language which it was employed to express appears to have 
been that of the aboriginal inhabitants, represented by the modern 
Basques. The art of these coins is barbarous. With reference to 
their denominations, it must be remarked that the most common 
silver pieces have about the same weight as the Roman denarii of 
the period, and the Greek-Attic drachms, then nearly equal to 
the denarii. It is not easy to decide from which of the two it 
was adopted, but the balance of evidence seems to predominate in 
favour of a Roman source. 

The change from the Celtiberian to the Latin coinage does not seem 
to have been abrupt. W e find certain coins with inscriptions indicat- 
ing a transition, while in art and types they show a relation to the later 
Celtiberian pieces, as well as to the earliest Roman. Their inscrip- 
tions are either bilingual, in Celtiberian and Latin, or else they are 
written partly with Celtiberian and partly with Latin characters. 

Phoenician and Greek colonies issued money of their own during 
the period of the Celtiberian coinage. The Phoenician coins, such 
as those of Gades, have types which are not without meaning, but 
their execution is very barbarous. The Greek coins, as those of 
Emporiffi, have types which show a distinct meaning, although they 
are executed with a coarseness often amounting to barbarism. 

The Roman coins of Spain, besides those which hear inscriptions 
in Latin and Celtiberian, of which we have alreadj’ spoken, are of 
two periods, — that of the commonwealth, and that of the empire. 

The money of the former class differs little in art or intention from 
the Celtiberian coinage, which it superseded ; but that of the latter 
shows a considerable change in the character of the types. The 
imperial coins were all issued by Roman colonise. Their art can- 
not be said to indicate any important progress, but their inscrip- 
tions are accurate, and the types display a distinct intention. Their 
obverses bear the head of the emperor, or of some imperial personage, 
while the reverses have types usually referring to the foundation 
of the colonise by which they were issued. Among the most com- 
mon reverse-types may be specified the emperor or a priest guiding 
a plough drawn by two oxen, a subject representing the ceremony 
of describing the extent of the walls; an ox, intended to convey the 
same idea ; an altar, sometimes called in the inscription the altar 
of Augustus, the founder ; and a temple. 

The following are the most important coins in the three provinces 
of Hispania : — In Lusitania we may notice the imperial money of 
its capital, Augusta Emerita, which took its name from its having 
been a settlement of pensioners (^emeriti). The denarii of the legate 
of Augustus P. Carisius, which bear the name of this place, were per- 
haps struck at Rome. In Bsetica, the series of the Phoenician colony 
Gades is especially worthy of note ; and in Tarraconensis, those of 
the Greek colonies Emporiae and Rhoda. The money of the 
Spanish island of Ehusus is of a remarkably Phoenician character. 

(The principal books upon Celtiberian coins are M. de Saulcy’s 
Dssaif^ and two works by M. Boudard,^ the second of which, now in 


' Doctrina NumoTVJtm Vet&rwn consoripta a Josepho Eckhel, 8 vols. 4to, Vind., 1792-1798. 

* CUmes Generaksseu Moneta Vetus Urbiwm P<ypuhrvm et Eegum ordine geographico et chronologico descripta, editio secunda, 4to, Plor. 1821. 
peserwtion de MHailles Antiques Grecques et Romaines avec Uur degro de rareti et le/wr estimations par T. E. Mionnet, 6 vols. and 1 vol. plates, 8vo, 
9 vols. 8vo, 1819-1837. The terms Grecgpies and Romaines are here used for “ Greek autonomous ” and “ Greek im- 
penal. ^ The indexes in the ninth volume of the Supplement are especially useful. 

^ Nwmsma^ HeVsnicas a Catalogue of Greek Coins coUected by TT. M, Leake, 4to, London, 1864. 

MetToh^chA Vwtersuehungen itber Gewichte, Munzfisse, und Masse des Ahertkums, &c., von August Bbckh, 8vo, Berl. 1838. It is unfortunate that 
^is learned author was not so fully acquainted with the numismatic as with the literary materials for his subject. Prom the researches of 
de Queipo much information may be expected. The writer is indebted to him for much liberal assistance. 

T ^ ^ Monnaies Autonomes de VEspagne, par P. de Sauloy, 8vo, Mete, 1840. 

P. A Jfonnoto AitKmmti d'Htpagne, par P. A. Boudwcl, 8to, Paris, 1852 lUnmiM, pat 
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Greek progress of publication, promises to be a very complete treatise. 
Coins. There is also an excellent sale-catalogue, by M. Gaillard, of a 
^ large collection of Spanish coins, and coins current in Spain in 

ancient and modern times, formed by Don Garcia de la TorreA) 

The coinage commonly called that of Gaul should rather be 
classed to the Gauls, since it belongs to the people more properly 
than to the country ; for, in addition to the money struck in the 
territory called after them, it comprehends pieces issued by the 
Gauls or other barbarians near Macedonia and lUyricum, and in 
the south of Germany. The Gaulish coinage appears to have 
generally extended over a period of less than four centuries ; for the 
oldest pieces, as far as we can ascertain, are those which follow the 
types of Philip II. of Macedon, and the latest are theRoman of Augus- 
tus.2 Some of the Greek coins of Massilia may be of a time some- 
what anterior to that of Philip. There are two principal classes, — 
the true Gaulish coinage, and that of Gaul under the Romans. 

The ancient Gaulish coins are of gold (often greatly alloyed with 
silver or copper), of silver, of copper, and of potin. They are 
usually convex, and, in the case of the gold and potin, generally 
thick and heavy. The earlier designs are copied from those of 
Greek money, the gold and silver coins being imitations of the 
staters and tetradrachms of Philip II. of Macedon. At a later 
time the silver and copper coins of the Gaulish chiefs and tribes 
chiefly follow the designs of Roman denarii of the commonwealth 
and the beginning of the empire. The early class is uninscribed, 
except when part or whole of the Greek legend is imitated ; hut 
the later class hears Latin inscriptions. The art of both is bar- 
barous, although that of the later class is better than that of the 
earlier in this respect. There appear to be two monetary 
systems, but they are not clearly made out; although it is most 
reasonable to consider them to have been imitations, the one of 
the Macedonian system, and the other of the Roman. 

The money of the important Greek colony of Massilia forms a 
separate class with that of the far less noted towns of Antipolis 
and Beterra, in the same division of Gaul. It was issued during 
at least three full centuries preceding the subjugation of the country 
by the Romans. Its metals are silver and copper, gold coins not 
having been discovered. The designs and inscriptions are purely 
Greek, and the art, in the case of Massilia, is not unworthy of 
an isolated colony. The denominations appear to follow the Attic 
talent. 

The proper Roman coinage of Gaul is, as far as is known, of 
copper only, although there is silver as well as copper money of 
some reguli protected by the Romans before the complete reduc- 
tion of the country. This Roman money is of a few colonise alone. 
Like the contemporary Spanish pieces of the same class, the coins 
are large and coarsely executed. On the obverses there are com- 
monly two heads, — either those of Augustus and Julius, or Augus- 
tus and Agrippa, hack to hack. The designs of the reverses appear 
usually to relate directly or indirectly to the establishment of the 
colonias. The inscriptions are in Latin, and the denominations 
seem to follow tho Roman system. 

Some of the more important or interesting coins may be now 
indicated in the order of their proper arrangement. Here we 
deviate from the principles of those continental numismatists who 
comprehend all the coins of Britain under Gaul. While admitting 
the common general character of the money of the two countries, 
and that some coins virtually identical may have been struck on 
both sides of the Channel, we perceive a sufficient difference in the 
majority of specimens found in England and on the Continent to 
render a distinction necessary. Besides this, many of the coins found 
in our own country bear names which are undoubtedly those of Bri- 
tish towns or chiefs, such as Verulamium and Cunobelinus. It is not 
easy to define in a few words the main particulars in which early 
Gaulish and British coins differ; but it may he said that the former 
are generally in a style either somewhat better or much worse, espe- 
cial! yin the quality of grotesqueness, than that of the latter. Pass- 
ing by Gallia Aquitanica, as numismatically uninteresting, we may 
notice in Gallia Narbonensis the coins of the Greek city of Massilia, 
some of which, in the silver series, are of great beauty, although 
the larger proportion are below the average of Greek money of 
the period in their art. The Roman colonise Kemausus and Vienna, 


in the same division of Gaul, are represented by copper coins of Greek 
some interest. Those of the former place have for their type of Coins, 
reverse a crocodile chained to a palm tree, in commemoration of 
the subjugation of Egypt by Julius or Augustus, and those of the 
latter bear the device of a galley passing a castle. Among the 
towns of Gallia Lugdunensis, Lugdunum (called on the coins of 
the empire Copia) may be pointed out for its autonomous and im- 
perial money. Besides these coins of cities, there are many having 
the names of Gaulish chiefs and tribes. Some of these are classed 
with the cities, because the position of the territories they ruled or 
occupied in one of the great divisions of Gaul is known ; but others 
cannot be so placed, and are therefore arranged alphabetically, 
after the geographical series. Among the last are many uncertain, 
names, which may be of towns, tribes, or chiefs. Especial caution 
is needed in any attempts to find the historical places of Gaulish 
chiefs. The information to be derived from their coins is so meagre 
that there is great danger of mistake in such endeavours. If, for 
example, the name of a chief is read, and the position of his terri- 
tories ascertained, it does not follow that he is identical with one 
bearing the same name, and holding the same territories, mentioned 
by an ancient author; yet the contrary supposition is not un- 
natural. At the end of the Gaulish series are placed the unin- 
scribed coins, some of which are among the earliest pieces issued 
by the Gauls, while others are probably of various times in the 
subsequent periods of their native coinage until its very conclusion. 

(The principal works upon the coins of Gaul and the Gauls are, — 
the learned treatise of M. Lelewel the accurate catalogue raisonn^ 
of Gaulish coins in the French Collection, by M. Duchalais the 
account of the money of Gallia NarbonensiSjby M. de la Saussaye;® 
the essay on that of the north-west of France, by M. Lambert 
and the papers of the Marquis de Lagoy on various Gaulish coins.’') 

The ancient coinage of Britain is of the period before the com- Britain 
plete subjugation of the country by the Romans. It is manifest 
that it was derived from that of Gaul, but it is not possible to say 
how long after the origin of the latter. There are no coins of 
which we know the date until the time of the struggle with the 
Romans. Taking into consideration the general persistence of the 
types, and the regularity of the weight and fabric, of the whole gold 
coinage, it is most reasonable to suppose that it was issued during 
a period of about two centuries, closing cir. A.D. 43. It would 
therefore appear that the Britons had a metal currency at the time of 
Cffisar’s invasion. The received text of Caesar's Commentaries, 
indeed, states the very contrary ; but Mr Hawkins has shown that 
the manuscripts, however they differ in the passage in question,® 
agree in relating that the use of either gold or copper money ob- 
tained among the Britons, and has traced the existing corruption 
to the editors of the middle of the seventeenth century. He cites 
a manuscript of about the tenth century, in the British Museum, 
which reads as follows ; — “ Utuntur aut aere aut numroo aureo aut 
annulis ferreis ad certum pondus examinatis pro nummo a state- 
ment, as far as the money is concerned, entirely consistent with 
numismatic evidence.® The silver coinage, it must be observed, is 
not known to have been issued until after Caesar’s time, no speci- 
mens which can be considered to be much anterior to Cunobe- 
linus, who is believed to have been contemporary with Augustus, 

Tiberius, and Caligula, having been found. British coins are pro- 
perly of but one class, since there is no money but that of the 
natives. The metals used are gold, silver, copper, and potin. 

The coins greatly resemble those of Gaul in form and general ap- 
pearance, as already noticed. They are thick and convex, the gold 
being the most remarkable for their thickness. The types of the gold 
coins are taken from those of the Gaulish in the same metal ; the 
obverses bearing some device based on a degraded form of the head 
of Hercules on the money of Philip II., which has become a pattern, 
or even an ear of corn ; while the reverses have a horse, with a 
wheel or other symbols, standing in like manner for the chariot on 
the Macedonian pieces. The inscriptions are always in Latin. The 
art of the coins is barbarous, though it often displays a kind of con- 
ventional neatness of execution. The monetary system appears to 
be the same as that of the earlier native Gaulish money. 

In arranging the British series, we place first coins bearing the 
names of known princes or towns ; then those hearing unknown 


^ JDescription des Monnaies JSJspagnoUs et des Monnaies Mrangm’es gui ont eu cowrs m Espagne, &c., par Joseph Gaillard, 4to, Madrid, 1852. 

® Strabo (lib. iv., cap. iii.), as Eckhel notices (Doct. iVam., vol. i., p. 65), speaking of his own time, — that is, of about tho close of the reign of 
Augustus and the beginning of that of Tiberius, — mentions the strildng of gold and silver money by the Roman prefects of Lugdunum. No coins, 
however, have been found which have the head of any one later than Augustus ; and the known Roman imperial money of Gaxil is of copper alone. 
® Etudes Nmnimatwes et Archmhgiques, par Joachim Lelewel, vol., Type Oautois ou GeUique, 8vo, Bruxelles, 1841 (with a volume of plates). 

^ description des MedailUs Qaullcises faisemt pa/rtie des Collections de la BibUoth^gue RoyaU, par Adolphe Duchalais, 8vo, Paris, 1846. 

® Numismatique de la Oaule Narhonnaise, par L. de la Saussaye, 4to, Paris, 1844, 

®jE»5fiaiswr ZaiVwwmiatzgw GowZowedn de ZaFranoe,par Ed. Lambert, 4to, Paris, 1844. _ ^ 

^ description de Quelques MMailles incites de Massilia, &c., par M, le Marquis de Lagoy, 4to, Aix, 1834 ; Notice sur V Attribution de QueJques 
dailies des Gauks, &c., 1837 ; MUanges de Numsmatigue, &c^ 1846 ; Essai de Monographie d’une Sirie de MldaiUes Qauhises d*arg&nt, &o., 1847,. 
•Re2Z.GaZZ.,lib.v.,cap.l2. ^ Silver Coins of England, S, 2. 
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names; and last^ those which are ixninscribed. Coins in the second 
division may he constantly transferred to the first by the careful 
; observation of the places of their finding. The coins of the third 
division are probably the oldest. They occupy in type a middle 
place between the coins of Gaul of the same kind and the earliest 
inscribed British coins of which the date is known, and which are 
of about the time of Julius Csesar or Augustus. There are no in- 
scribed coins which can he referred with certainty to any chief 
mentioned by Caesar. The earliest of known date are of Tascio- 
vanus or Tasciovans, the father of Cunobelinus. He must have 
reigned about the time of Augustus, for we cannot place him earlier, 
since one of his silver coins shows a manifest imitation of a type of 
denarii of that emperor in its obverse and reverse; nor can we 
suppose his reign to have extended much later, since he was the 
grandfather of the famous Caractacus. The coins of Cunobelinus, 
the son of Tasciovanus, and Shakspeare’s Cymheline, are the most 
interesting in the British series. He is supposed to have been a 
contemporary of Augustus, Tiberius, and Caligula, an opinion which 
cannot be far wrong, since he was the father of Caractacus, and to 
have ruled over a territory extending from the Severn to the east 
coast, and comprising the country of the Cateuchlani, Trinobantes, 
and Dobuni,*- His coins are of gold, silver, and copper ; the gold 
pieces following the old barbarous types, with some improve- 
ment in execution ; and the silver and copper having types de- 
rived from those of Roman coins, or at least showing Roman 
influence. They have the names of the king and his father, both 
generally abbreviated, and sometimes those of two towns where they 
were struck, — Camulodunum, his capital, probably represented by 
Maldon in Essex, and Verulamium or Verulam. There are coins 
hearing the inscriptions SEGO and TASC, which have been ascribed 
to the Segonax mentioned by Caesar but Mr Evans assigns them, 
with more reason, to the tribe of the Segontiaci. This tribe he sup- 
poses to have been ruled by a chief called Epaticcus, known only 
by his coins, whom he conjectures to have been a son of Tascio- 
vanus, and on his death to have shared his kingdom with Cunobe- 
linus. Other coins have been ascribed to Boadicea, because they 
bear the inscription BOD VO ; hut this must he considered to be a 
purely conjectural attribution. 

(There is no general account of British coins which can he called 
complete. This is partly owing to the circumstance that their 
proper explanation has been the result of recent inquiries ; but it 
is to be hoped that this deficiency will soon he supplied. The 
works of Ruding^ and Hawkins^ give a concise notice of these 
coins; there is an essay on those of Cunohelinus by the Marquis 
De Lagoy and the Numismatic ChronicU contains several most im- 
portant papers on British money hy 3fr Evans.®) 

The ancient coins of Italy occupy the next place in Eckhel’s 
arrangement. They appear to have been struck during a period 
of more than 500 years, the oldest being probably of the beginning 
of the sixth century B.C., and the latest somewhat anterior to the 
time of Julius Cassar. The larger number, however, are of the 
age before the great extension of Roman power, which soon led 
to the use of Roman money almost throughout Italy. There are 
two great classes, which may be called the proper Italian and the 
Grasco-Italian ; hut many coins cannot be referred to either, since 
they present peculiarities of both. The proper Italian coins are 
of gold, silver, and copper. Of these, the gold coins are extremely 
rpe, and can never have been struck in any large numbers. The 
mlver are comparatively common, but the copper are very numerous 
and characteristic. Some of the silver coins have an incuse de- 
vice on the reverse, which almost always is a repetition of that on 
the obverse : these are of Greek cities, but their fabric is nearly 
peculiar to Italy. There are also a few with a design on the ob- 
verse and a perfectly plain reverse. The most remarkable copper 
coins of this class are of the kind now called cbs grave, some of which 
must be considered to be the early proper coinage of Rome, although 


others are known to have been struck by other Italian cities. These 
are very thick coins, some of which are of great size, while more have 
a rude, appearance. The designs of the Italian coins are generally, 
if not always, of Greek origin, although the influence of the native 
mythology may be sometimes traced. The inscriptions are in Latin 
or Oscan, and follow a native orthography: sometimes on the earlier 
coins they are retrograde. The art of this class is generally poor, 
or even barbarous. The denominations appear to be Greek, ex- 
cept in the case of the copper money, which follows a native sys- 
tem. Of this system, which we have already noticed, the early 
proper Roman coins afford the best known examples. The Grmeo- 
Italian coins are of gold, silver, and copper. The silver and copper 
are very common, and the gold comparatively so, although struck 
hy few states or cities. In form the silver and copper coins arc 
thicker than those of Greece of the same period, but there is not 
the same difference in the gold. The designs are of Greek origin, 
although here, as in the proper Italian coins, but less markedly, 
can native influence be detected. This influence is evident in the 
frequent occurrence of types symbolically representing rivers, 
showing a bias towards the old nature-worship ; and still more in 
the use of Latin inscriptions, with half-Etruscan forms of the letters 
on coins otherwise purely Greek. Of the best art of ancient Italian 
money we have already spoken, and we shall have occasion to men- 
tion some of its most beautiful examples. The denominations of the 
gold coins are unquestionably derived from those of Greece, ac- 
cording to the weight of the Attic talent, the heaviest being a 
stater of that talent. The lower denominations require to be care- 
fully studied before they can he satisfactorily explained. The 
silver denominations are perfectly Greek, and follow the Attic 
talent : there are few tetradrachms, the didrachms are extremely 
common, and smaller denominations are usually not rare. We 
thus learn that the silver currency was chiefly of didrachms, smaller 
pieces being less used, and larger ones scarcely used at all.^ 

Commencing in the north of Italy, the first coins that strike us 
are those of Populonia in Etruria. The silver money of this place 
is especially remarkable for being generally of a peculiar fabric, al- 
ready noticed, in which the reverse is left perfectly plain. In Um- 
bria we may notice the »s grave of Tuder, and in Picenum that of 
Asculum and Hadria together,® and that of Hadria alone. InLatium 
would be placed the early coinage of Rome, were it not included in 
the separate class of Roman money, with the exception of the pieces 
issued by the Campanian towns with the name of the city. In the 
province of Samnium we observe a very remarkable series of coins 
issued during the Social or Marsic War by the Italian states confede- 
rate against Rome. They rose to obtain the rights of Roman citizen- 
ship, but their league was gradually broken by the conclusion of se- 
parate treaties by the senate with individual states. The earliest 
common reverse-type of their coins represents eight persons, who 
are probably delegates of the eight states which composed the ori- 
ginal league, and certainly stand for those states, taking an oath 
over a sacrificial pig. The series, as it continues, commemorates 
the gradual violation of this engagement. The eight persons are 
reduced to six, the six to four, and the four to two. That these 
changes should be represented is the more remarkable, if we recol- 
lect that the war lasted but three years, from b.c. 90 to 88 inclusive. 
Some of the coins have Oscan, and others Latin, inscriptions. 

^ In the money of Campania we observe fine Greek work, com- 
bined, in some cases, with inscriptions showing an Italian ortho- 
graphy and form of letters. The coins of Cales afford examnles of 
good art in both silver and copper ; their inscription is 0 a£bNO, 
apparently a genitive plural form. Those of Cumae are generally of 
coarse design and execution ; among them are some of an early 
time. The money of Hyria comprises didrachms of good work of 
the best period of art, and bearing very archaic retrograde inscrip- 
tions, as ANIRY. Neapolis, the modern Naples, is represented by 
an extensive series, including fine silver coins, particularly di- 
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* Annals of the Comaqe. &c., p.97, etsea. 
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TJnpublished British Coins,” vol. xvi., p. 80; “On a New Type in Silver W Bubnoveilaunus,” vol. xvi., p. 176? “ On a Hetho?^o?^asttnff 
Corns in use among the Ancient Britons,” vol. xvii., p. 18 ; “ On the Coins of Cunobeline with the legend Tasciovani F.,” vol. xviii. n 36 • “ On 
some and Unpublished Ancient British Coins,” vol. xviii., p. 44 ; “ On the Attribution of certain Ancient British Coins to Addedomarus,” 
vol. pui^p. 155 ; ‘ Errors respecting the Coinage of the Ancient Celtic Kings of Britain,” vol. xvni., p. 161 ; “ On some Unpublished Types of 
Ancmnt British Coins ” vol. xix., p. 64 ; “ On a Gold Coin of Epaticcus ” (in the press). unpuousueu lypes oi 

T wealth of the population of Italy before the Roman domination, and the consequent high price of the necessaries of 

other hand, except at the great towns, such as Corinth and Athens, we notice that the current money is in 
W denominations. The regal coinages are of course exceptions to this rule. The inhabitants of Greece were, however, 

^ Sicily, which may partly explain their having struck very small silver coins. The 

blit w coiiia-g®* or one of a merely arbitrary value, when they issued a large number of the low denominations of silver money ; 

• s^ck copper coins of a real value, tkeir smallest silver pieces were coined in a much less quantity, 

mon^ *0 ' syuahols of two or more towns appear on a coin, it is understood to commemorate an alliance, called on the Greek imperial 
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Greek drachms, and copper coins as excellent in design, and usually coated 
Coins, 'W'ith the beautiful blue or green patina produced by the soil of the 
V ^ neighbourhood. The coinage of the great Greek cities of Italy may 
1)0 considered to begin with Neapolxs, though that of the Italian 
Italy, cities does not here cease. In Numismatics it is impossible to 
separate money according to a strictly geographical or historical 
order. — The earliest coins sanctioned by the Roman state are 
classed as uncertain coins of Campania, Of these we shall speak in 
treating of Roman money, since to it they hfetorically belong, al- 
though most of them are purely Greek in their art, and they are all 
rightly considered to he of the Greek class. In Calabria, Tarentum 
affords the largest series of any city of Italy, and one which is, for 
extent and beauty combined, second alone to that of Syracuse in ail 
the West. The gold coins are extremely fine, and those of silver, 
which are principally didrachms, are interesting on account of the 
early style of some, and the exquisite work of others, the latter being 
of the best period. The usual types of the didrachms are, on the 
obverse Taras, sou of Neptune and founder of the city, carried by 
. a dolphin, and on the reverse a horseman, who, as we shall show in 

speaking of the coins of Sicily, appears to represent a victor in the 
horse-race at the Olympic games. The copper coins are few, and 
not remarkable. The money of the cities of Lucania is very 
interesting. Among the coins of Heraclea are didrachms of ex- 
quisite work, having on the obverse a head of Pallas, with the 
monster Scylla on the helmet, and on the reverse Hercules 
strangling the Nemeau lion, a design of great vigour, and showing 
perfect anatomical knowledge. The series of Metapontum, or, 
to follow the Greek orthography, Metaponiium, stands next in 
its silver to that of Tarentum in extent, and is as beautiful in its 
finest coins, the subjects of which are even better adapted for that 
delicate treatment in which the Italian and Sicilian artists espe- 
cially excelled. The great majority of these coins are didrachms, 
although the tetradrachm has been discovered. They commence 
at an early time with didrachms of a class that we have already 
mentioned as almost peculiar to Italy. The type of the obverse, an 
ear of bearded wheat, as a symbol of Proserpine, is repeated on the 
reverse, but is there incuse instead of being in relief. The didrachms 
of the best period have on the obverse the head of Proserpine, or 
that of some other divinity, and on the reverse the ear of bearded 
wheat. Some of these are of extreme beauty. Of Posidonia, after- 
wards called Paestum, there are archaic coins of the incuse class 
just mentioned, with the type of Neptune striking with his trident. 
The famous Sybaris, afterwards called Thurium, is represented, 
under its first name, by early didrachms with incuse reverses, pro- 
bably of the sixth century B.C. ; and, under its second name, by a 
very fine Series of silver coins of about 400 b.c. Sybaris having 
been twice overthrown by the Crotonians, the new city Thurium was 
founded in its stead by a colony from Athens, B.O. 444. The later 
coins are chiefly didrachms, but there are not a few tetradrachms. 
Examples of both denominations are of very fine work. Some of 
the tetradrachms are superior in the quality of boldness, which is rare 
in Italy and Sicily, and equal in execution to any other coins of 
those countries- They are nearest, though yet inferior, to the 
finest coins of Greece and Asia. On the obverse they have the 
head of Pallas, with Scylla on the helmet, and on the reverse a bull 
butting.^ Among the coins of Velia, which are principally di- 
drachms, we notice many of beautiful work. Their common re- 
verse-type, a lion seizing a stag, carries us to Asia, and reminds 
us that this town owed its origin to a colony of the Phocaeans of 
Ionia, whose native place was taken by the Persians. This and 
similar types are almost wholly found on Asiatic coins, particularly 
those issued under Persian rule. They are evidently adopted from 
eastern symbolism, hut with a change of meaning: the original 
signification seems to have been the strength of regal power, the 
later one, the strength of a divinity, probably always Hercules. It 
should be remembered that the difference of feeling among the 
easterns and the Greeks as to the kingly dignity would render a 
change necessary to preserve the religious meaning of these types. 
Passing on to the province of the Brutfcii, we observe the coinage of 
that people, or of the province in general, to be fine in the three 


metals, though not of the best Italian style, the earliest pieces being Greek 
probably not anterior to the time of Pyrrhus, K'lig of Epirus. The Coins. 

money of Caulonia comprises early didrachms of the incuse class, ^ 

with a type not yet satisfactorily explained, representing some 
divinity. The town of Croton is represented by a series of much 
interest. It commences with incuse didrachms of an early period. 

Some didrachms and smaller coins of a time somewhat later are 
remarkable for having on the reverse, instead of a repetition of the 
tripod, which is the type of the obverse, an incuse flying eagle. 

The didrachms of the period of good art are extremely beautiful. 

Two of their types are of especial interest j one represents Belle- 
rophon on Pegasus, slaying the Chimaera; and the other portrays, 
on either side of the tripod, which is the most common type of 
the place, Apollo drawing his bow, and the serpent Python which 
he is about to destroy. The coin last mentioned exhibits very ad- 
mirable work. The money of the Locri Epizephyrii is fine, but 
not of an early period : it probably commences just after the time 
of Pyrrhus. The town of Pandosia is represented by rare silver coins 
of great beauty. The series of Rhegium comprehends archaic tetra- 
drachms, and others, as well as didrachms and copper pieces, of the 
best time, and of fine design and execution, The most interesting of 
these coins are some of the earliest. They are tetradrachms, having 
on the obverse a victor in a higa, and on the reverse a hare running. 

This is the type of tetradrachms of Messana of the same period so 
similar in work to these that they can only be distinguished from 
them with certainty by their inscription. The type ceases at Rhe- 
gium, but continues at Messana, and we perceive by the later coins 
of that place that the chariot is undoubtedly one drawn by two 
mules Aristotle, cited by Pollux, relates that Anaxilaus 

of Rhegium, having introduced hares into Sicily, and having con- 
quered in the chariot-race of mules at the Olympic games, placed 
on the money of the people of Rhegium a mule-chariot and a hare.^ 

The types relating to victories in chariot-races always refer to 
the success at the Olympic games of a citizen or tyrant of the place 
which struck the coin, as we shall be able to show. The pieces of 
Rhegium and Messana in question can only relate to a contest dur- 
ing the period at which the chariot-race of mules prevailed, that is, 
during the years from B.c. 500 to 448, inclusive. The earlier coins 
of Messana, and all of Rhegium of this type, must also be of a time 
when the two towns were under a united government. In the 
case of Messana, the coins follow a Samian influence, if not domi- 
nation, since there is a piece of that town with the Samian types, 
which immediately precedes them.* These particulars all point to 
the time of Anaxilaus, tyrant of Rhegium, who first invited the 
Samians perfidiously to seize Messana, then called Zancle, about 
B.c. 494, and afterwards expelled them, and ruled the two cities 
until his death. His reign, reckoned from his accession at Rhe- 
gium, probably lasted from B.c. 494 to 478. This period cor- 
responds to the style of the coins, which would point of itself to 
the earliest part of the fifth century B.c.® We may therefore con- 
sider that these coins of Rhegium, and the coins of Messana of the 
same time, bearing the same types, were issued by Anaxilaus after 
his victory at the Olympic games, of which Simonides sang 
the triumphal ode.® While we accept the explanation which 
Aristotle gives of the chariot, we cannot take that of the hare, 
since there is nothing the least resembling it in Greek numis- 
matics. We would rather consider the latter type to be a relic of 
the old nature-worship, which was especially prevalent in Italy and 
Sicily, but of which the Greeks in Aristotle’s time had but an in- 
distinct knowledge. We will conclude this notice of ancient coins 
of Italy with those of Terina, of which the didrachms are of ex- 
treme beauty and delicacy. On the obverse they bear the head of 
a female divinity, called on a copper piece of the same place Pan- 
dina; and on the reverse, the figure of a local genius, or of the 
same divinity, usually, but not always, winged. In one case, the 
figure is represented filling a jar at a fountain issuing from a lion^a 
head in a wall, and in another, resting seated on a jar, from which 
flows water ; and it is worthy of note that, in the latter type, a 
flower springs up near the mouth of the jar. Fandina (Uetvhim) is 
probably a name of Hecate. 


* It baa been suggested that the name Thurium, " impetuous ” or ** warlike,” might be indicated by the bull, as a speaking type ; but it is far more 
consistent with correct criticism to suppose that the latter refers to the rushing forth of a fountain, or rapid course of a river ; a river, as we have 
seen is frequently represented as a bull, and a fountain might be with equal appropriateness. 

® The aWv« of the Olympic games was a chariot drawn by mules. 

® *Ava|/Xa? 0 *?7jy7vos, otlcns uyovov vijs vias Xocyaav, o Jb, glg'etyuy&v n *fie) cfAotJ Sg xu) ’OXiJ/AWia vtx^eaf »sr«yjj, vQHtif{AKri ruit 

*pJ 7 y/vfl»v tnvvTrtainy u^^vv)v yoou Xuym* (Aristot. Po?Z., V. 75.) 

* There are also coins of Rhegium with the Samian types, which were probably struck at the same period ; whence it is reasonable to suppose 
that some of the Samians settled at Rhegium at the time of the taking of Zancle. 

* The Syracusan decadraohms, called damcuretiai which were struck in one of the three years B.c. 480-478, are certainly of better art than these 
coins of Rhegium and Messana ; but this might be owing to the wealth and importance of Syracuse. 

® Millingen’s excellent paper “ On the Hate of some of the Coins of Zanole or Messana,” in the d^a/nsactions ofth^JR* < 8 bc. vol. part ii., p#’ 
93 56^., is here our chief authority. 
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(The most useful works on ancient Italian coins are Oarelli’s 
plates 1 the account of the Grave of the Kircherian Museum 
/ hy MM. Marchi and Tessieri,^ and Millingen’s Connderatiom.^) 

The coins of Sicily properly follow those of Italy. They ap- 
pear to have been issued during a period of about six centuries or 
a little more. The oldest cannot be carried further back than the 
commen cement of the sixth century b.c j and the latest are Homan 
colonial pieces of the reign of Tiberius. The earliest coins are 
silver ; the gold money commences with the period of the best art 
in Sicily, hut is not common during the earlier part of that time ; 
and the copper coinage probably begins during the fifth century B.c. 
The gold and the silver money cease at the subjugation of the 
island to Home ; but the copper continues later, some having been 
issued under the Romans. The latest coins are Greek imperial of 
Segesta and Roman colonial of Agrigentum, struck in each case 
under Augustus, and Roman colonial of Panormus, struck under Ti- 
berius. In form the silver and copper pieces are compact and thick. 

The types of Sicilian coins most resemble those of coins of 
Italy, especially of the south. They show the same partiality for 
representations of rivers, which are not unfrequently accompanied 
hy their names. The most common and important device on the 
coins of the great towns, usually occurring on the reverse, and 
sometimes on the obverse, of the larger silver pieces, decadrachms of 
Syracuse, and tetradrachms and didrachms of that and other places, 
and on the reverse of some of the gold coins of Syracuse and its 
kings, represents a victor in a chariot-race. Its exact meaning 
never having been properly determined, we must give some space 
to its consideration. The same device, and others that belong to 
its class, occur on coins of cities out of Sicily ; but as thqy are not 
so closely related to the Sicilian representation as the various 
types of that representation are to one another, we will not at 
present notice them. This device is found on coins of the Sicilian 
cities of Agrigentum, Camarina, Catana, Gel a, Himera, Leontini, 
Hessana, as well as Rhegium in Italy, with the same types as 
Messana, Segesta, Selinus, and Syracuse, and on coins of kings of 
the last town. The earliest and latest of these, of which the dates 
are most nearly known, were struck respectively in one of the 
years B.C. 480-478, and during the reign of Hiero II., King of 
Syracuse, B.C. 275-216. There are several types, which are of two 
classes. The first and more ancient class comprises all the early coins 
with this device, and closes at the commencement of the period of 
the best art, about B.c. 430 j it is distinguished hy the victor being 
a man. The second class extends through the periods of the best 
art, and of decline, to the time of the latest coin with the device ; 
in it the victor is a goddess, and latterly usually Victory. On coins 
of one city, Selinus, of both classes, Apollo and Diana are repre- 
sented together in the car; in the older ones Diana drives, in the 
later Apollo; and on tetradrachms of one type of Syracuse, a 
winged male genius acts as charioteer. The oldest coins of the 
first class generally have the type of a chariot drawn hy two horses ; 
others have a chariot drawn hy two mules ; and there are also trigae 
and quadrigae of horses. The later coins of the same class have 
almost always a quadriga of horses. On the earlier pieces the 
beasts are usually represented in slow action, probably through the 
unskilfulness of the artists ; but on the later ones they are gene- 
rally in rapid course. One of the metae (vv<rf§u) is sometimes seen 
beyond the chariot, showing that the critical time of the race is 
intended, when the* driver had to avoid disaster by the adroitness 
with which he turned.** Victory hovers above, with a wreath, 
about to crown the charioteer, or as if intending to crown the 
horses. Beneath, in the exergue, on the later coins, we notice 
symbols, usually dolphins or other marine animals, or objects 
proper to the sea. On the coins of the second class, the chariot 
is always a quadriga, either in rapid course, or proceeding slowly 
as if in triumph. The place of the charioteer is taken hy 
a goddess, as already mentioned, who is either a divinity of the 
place, as Proserpine at Syracuse and Segesta, and Minerva at 
Camarina, or Victory; and, except in the last case, Victory 
hovers above with a wreath, about to crown the victor. As we 
have already mentioned, on coins of Selinus, Apollo and Diana are 
represented in the car together, the former driving on those of this 
class ; and on coins of Syracuse, a winged male genius is charioteer : 
these are exceptional examples. In the exergue are either marine 
objects or prizes, but not the wreath, with sometimes at Syracuse 
the inscription a 0A A, leaving no doubt as to their meaning. These 
prizes are a suit of armour on coins of Syracuse, and two jars on 
those of Camarina. 

These types plainly refer to victories in the cha^io^races of public 


games which had reflected honour upon the great towns of Sicily. Greek 
Prom the marine symbols, we should infer that they were cele- , Coins 
hrated on the sea-shore, or were in some manner connected with v ^ _ 

the sea. The religious character of the types of Greek coins shows 
that these must have been sacred games ; and the substitution of Sicily, 
divinities for the charioteers proves that they were held in the 
highest reverence. In the Iliadj when the divinities personally 
assist the heroes, as especially where Minerva acts as charioteer to 
Diomed, it is only on some occasion of the greatest importance, in 
accordance with the Horatian maxim. Usually they aid their 
favourites less directly, as at the games at the funeral of Patroclus, 
where the poet makes Eumelus about to succeed through the help 
of Apollo, until Minerva secures the victory for Diomed. In both 
cases the idea is the same as that intended to be conveyed by the 
later types of the coins. It might be contended that games held in 
such high honour could scarcely have been local celebrations at the 
towns on the money of which they are commemorated ; hut there is 
direct evidence to show that they were not such. One of the met® 
is represented on coins of Catana, of about B.c. 380, and on others of 
Gela, of ahoutfifty years earlier, and is in each case an Ionic column,® 
although the treatment of the chariot and the general style is far 
different. The types, therefore, refer to chariot-races of four differ- 
ent kinds, celebrated at games held in the highest reverence. To 
no games will these particulars so well apply as to the Olympic. 

They were the most revered and famous of all the Greek games, 
being the chief of the four called sacred; and at them, during the 
periods at which the various types first occur, were held races of 
the very four kinds which they represent, the chariot-race of mules 
having lasted, as previously noticed, only fifty-three years, a period 
including that during which the first coin relating to such a contest 
was struck. A victory at the Olympic games was held to be no 
less glorious to the city of the victor than to himself. It is probable, 
indeed, that the highest honours were paid to the victor in the foot- 
race, after whom the Olympiad was distinguished; but there is no 
doubt that success in other contests, and especially in the chariot- 
race, was considered as not much less glorious. Kothing, therefore, 
could be more proper than the commemoration on coins of victories 
in the Olympic chariot-race ; and we have only to inquire whether 
the cities of Sicily with types relating to such races were success- 
fully engaged in that contest. The remaining odes of Pindar, 
which are of the very period of the earlier of the coins we are con- 
sidering, give no doubtful answer. Fourteen of these odes relate 
to the Olympic games, and of these, again, six celebrate success in 
chariot-races, every one of which was gained by a Sicilian, — two by 
an Agrigentine, two by a Camarinaean, and two by Syracusans, — all 
of cities which struck coins with the chariot-type. If we look at 
the lists which have been made of victors in the Olympic games 
mentioned hy ancient writers, we perceive that not only these cities, 
hut others of Sicily of which the coins have chariot- types, were suc- 
cessful in the Olympic chariot-race or at other contests of those games. 

If any doubt remained as to the correctness of this explanation, 
it would be removed by the direct statement of Aristotle, already 
noticed, that Anaxilaus, tyrant of Rhegium, placed the type of a 
mule-chariot on the coins of that place when he had been victo- 
rious at the Olympic games; and that of Plutarch, that Philip 11. 
of Macedon commemorated his success in the Olympic chariiot-raoe 
hy placing the representation of a chariot on his money. The 
former story we have seen to be confirmed hy coins of Rhegium and 
Messana, and the latter is shown to he correct by the representation, 
on. the reverse of Philip’s gold pieces, or staters, of a victorious 
biga, a type not seen on the coins of earlier kings of Macedon. 

This explanation of the chariot-type in the case of Philip’s 
statei’S leads us to the discovery of the true meaning of a kindred 
device, occurring on his coins and those of several Greek cities. 

Philip is also related to have gained the prize in the horse-race at 
the Olympic games; and, accordingly, the common reverse-type 
of his largest silver coins, which are tetradrachms, represents a 
horseman holding a palm. The palm is not the only indication 
that a race is here referred to ; for if we compare this type with the 
less common one representing a mounted traveller, probably some 
hero, we observe that the rider in the former case is smaller than 
in the latter, and the horse perhaps larger. There can, therefore, 
be no doubt that Philip commemorated his victory in the horse- 
race, as he did that in the chariot-race, on his coins. This result 
leads us to examine the common reverse-device of the didrachms of 
Tarentum, which represents a horseman, naked or armed, generally 
either crowned or about to be crowned with a wreath by Victory, 
flying above him, or crowning himself, or crowning his horse» 


TahuJas oeii., edidit Cselestinna Oayedonius, 4to, leips. 1850 (best ed.V 
» MuseoKwcheriano mvero U Mowte JPrimitwe de’PopoH deff Italia Media [Giuseppe Marcbi e Hetro Tessieril Roma 1839 

. r^«cienne7ta&, par James &llingeu, 8yo, Kor. 1^41. luppl. IsS lessienj, Roma, 

DecHon^Se'co^^^tbouffVi^J^'t v description, the fooia ckasiem on the Greek chariot-races, deserves careftd studyinoon- 

• It T ’ ““““S’* I* “»st be remembered that it relates to the Pythian games. Comp. Hor. Carm lib i od i ^6 

m, from the descnption of Sophocles {Electr., loo. oit.), that the metse at the P^hian games were objects &e posts, perhaps columns. 
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Greek importance of the horse is shown not alone hy his "being crowned 

Coins rider ; in another type he is embraced, or at least welcomed, 

f \yY Victory standing to receive him, as if after a race j and again, 
in another, a small figure, apparently a genius, raises one of his 
Sicily. fore-feet and examines the hoof, as if to extract a stone. Another 
type shows two horses, the rider of one of which leads the other. 
In the exergue of these coins there are symbols, often of a marine 
character. All these representations evidently relate to games 
held in high honour, at which the horse-races were of two kinds, 
—one the usual contest with single horses, the other that at 
which every rider had two horses, one of which he rode while 
leading the other. There must also have been some connection 
with the sea. Here, as in the case of the chariot^race, the parti- 
culars entirely agree with the Olympic games, at which there were 
the two kinds of horse-races represented — the common one, and that 
with two horses. As if to remove all doubt, a similar type to those 
of Tarentum occurs on the coins of Syracuse and Leontini smaller 
than the tetradrachms. In the case of the former town, a rider is re- 
presented on the reverse of didrachms, drachms, and hemidrachms, 
and in that of the latter, of didrachms and drachms ; in each case of 
the earlier period. In one of the Syracusan examples, Victory flies 
above the horseman, while in the exergue there is a marine monster; 
two particulars which complete the parallel with some examples 
of the chariot-type on coins of the same place. If the explanation 
of the chariot-type be correct, it cannot be doubted, especially when 
we recollect the minute agreement in the instance last mentioned, 
that the similar type which we are considering must be explained 
in the same manner. It should, moreover, be borne in mind that 
the two typos occur in Philip’s coinage, with strong evidence of 
their meaning, and that it is therefore probable that they have the 
same signification on the other coins mentioned above ; in each 
case referring to two kinds of contests at the Olympic games. The 
gold coins of Gyrene, which we have not yet mentioned, have the 
two types. They present no difficulty. The chariot is always a 
quadriga, bearing in the earlier examples a figure seeming to 
represent a common charioteer, but in the later, a Victory driving. 
The horseman has, in one instance, the traveller’s hat, or causia, 
hanging from his neck behind ; and here he might possibly be a 
hero, as on coins of Macedonian kings. As in the case of the 
Sicilian cities, we find from ancient writers that Gyrene was suc- 
cessful at the Olympic games. It is probable that, at a compara- 
tively late period, perhaps from the early part of the third century 
B.C., these types lost their proper meaning, and were no longer 
used with reference to any victory of the city or king issuing the 
coins hearing them, but were copied in a careless manner from the 
earlier coinage, or continued with a kind of heraldic intention. 

Some objections which are likely to occur to any one considering 
this question may be here noticed. A similar explanation of the 
chariot-types was offered by the older writers, and has been aban- 
doned by numismatists, except in the case of Philip’s staters. 
Why, it may be asked, has their explanation fallen to the ground 
if it be near the truth? We reply, because it was founded on bad 
criticism, and uncritically developed. It is no matter for surprise 
that the earlier numismatists should have supposed that these types 
referred to famous games, for they were always striving to dis- 
cover some reference to whatever was celebrated in ancient times. 
Thus far they happened to be right ; but the next step led them into 
error, for, with their accustomed carelessness in such matters, they 
fixed in any case upon that one of the four sacred games to which 
the character of a particular device seemed at first sight to point. 
Such mere guesses, supported by no sound reasoning, were often 
necessarily erroneous, and the explanation fell into contempt. 
Nothing but a knowledge of the religious meaning of the types of 
Greek coins, and of the appropriateness of all their details, could 
establish a correct explanation. Another objection wears at first 
sight a more serious aspect. It seems unreasonable that the 
Olympic games should be commemorated on coins struck in Sicily, 
in Italy, in Macedonia, and in the Cyrenaica, and not on coins of 
Greece Proper. We must remember, however, that an Olympic 
triumph would have been esteemed of far more importance in 
remote places than those near the scene. The difficulties of the 
voyage or journey, the long absence of the competitors, and their 
great expenses, would, in the case of distant cities, forbid any but 
the most wealthy from engaging in the contest, and raise public 
expectation to the highest pitch while expecting the event. These 
conditions would, indeed, scarcely be those of the kings of Macedon; 
but they had a special motive for feeling pride in an Olympic suc- 
cess : their country was out of the limits of Hellas, and as none 
but Greeks could join in the great contest, it was only by proving 
a Greek ancestry that they obtained, with difficulty, this privilege. 
The Greeks of Italy, of Sicily, and of Africa, may have felt a 
similar pride in being able to contend, while their neighbours, 


often not only little inferior to them in civilization, hut far excel- Greek 
ling them in power, were rigorously excluded. Coins, 

In adopting the explanation given above of two classes of types 
of Greek coins, we must be careful to avoid an error into whicli the 
earlier w’riters fell. It would he natural to suppose that the coins 
bearing these types celebrate directly certain victories, or even vic- 
tors, at the Olympic games, but the principles which regulated the 
choice of types forbid such a conclusion, while the coins present no 
direct indications of any relation to individual persons, but in the 
later period the very contrary. The types were first adopted on 
occasions at which the city or sovereign acquired distinction at the 
Olympic games, but not with the intention of a direct historical or 
personal reference, although there is necessarily such reference of an 
indirect character. The nature of the difference is well explained 
by the absence, as far as we know, of any types referring to the foot- 
race, the successful contender in which was the especial Olympic 
victor, or to other contests besides the horse-race and chariot-race. 

In these other contests the victor was personally engaged, whereas 
in the chariot-race and horse-race this was not necessarily the case, 
and apparently very unusual ; indeed, as to the latter, the evident 
light weight of the riders represented on the coins proves that, at 
the period to w^hich they belong, the owners could not have gene- 
rally ridden their horses. The victors could not, therefore, be di- 
rectly commemorated by these types. It would be interesting to 
pursue this inquiry, but we cannot do so in the present article, \Ve 
would, however, in conclusion, caution students against hastily sup- 
posing some apparently similar types to have the meaning of those 
we have explained. Investigations of this kind must he prosecuted 
with the utmost care, and coins or types must never be considered 
singly? except after every effort has been made to gain the illustra- 
tive light afforded by similar examples. 

The inscriptions of Sicilian coins, paitleularly the older, are in- 
teresting with respect to palaeography and for their orthography. 

We may especially point out the inscription AKPATANTOS, written 
in the boustrophedon manner on tetradi achms of Agrigeutuin of the 
best period. Other instances will he mentioned when we speak of the 
coinage of the principal towns. We ha\e already noticed the art 
of Sicilian coins, which may be regarded as on the whole more 
typical of the western school than that of the coins of Italy. The 
denominations are, in the case of gold, the same as those of Italy, 

— Greek in origin, though not wholly identical with any Greek sys- 
tem ; in the case of the silver, purely Greek ; andin thatof the copper, 

Italian, The silver coins are of very heavy Attic weight, excepting 
only those of Zancle before it was called Jilessaua, and the earliest 
of Ilimera, both which follow the jdEginetan system. The princi- 
pal silver coin is the tetradrachm, which takes the place of the 
didrachm of Italy. Although the copper money is adjusted to the na- 
tive Italian system, its art, as with the rest of the coinage, is Greek. 

The first coins to be noticed in the series of Sicily are those of 
Agrigentum. They include gold as well as silver pieces of the 
period of good art. The most remarkable of the silver are tetra- 
drachms, some of which have on the obverse two eagles devouring 
a hare, and on the reverse a successful chariot at the Olympic 
games driven by Victory; while others, as well as didrachmSjhave on 
the obverse an eagle standing, and on the reverse a crab. The cop- 
per coins are on the Italian system : many of them are of the good pe- 
riod, and of good work. The type most worthy of note is the head of a 
river-god, with the name Acragas, which was that of the river of the 
town. The success of Agrigentum at the games is attested by 
Pindar; while Virgil (.^3Efn. iii. 704), Gratius (Cyneg. 626), and Silius 
Italicus {Punic, xiv. 208-210), mention its ancient renown for 
horses. Its lofty site (arduus Acragas)^ overlooking the sea, and 
on the bank of the stream of the same name, makes the eagles, the 
crab, and the river, appropriate devices, showing that Greek types 
have a local fitness, while chosen with a religious intention. 

The money of Camarina is of especial beauty and interest. The 
fifth of Pindar’s Olympic odes, that to Psaumis the Oamarinaan, 

B.c. 452, affords an excellent commentary upon It. The earliest coin 
we know is a didrachm of about this time; whereas there are many 
pieces of from fifty to a hundred years earlier of most of the 
other important cities of Sicily. Camarina, however, was then 
but lately inhabited (vi'wxav s^^«v), having been recently twice devas- 
tated by the Syracusans. If there be any older coins, they are proba- 
bly of a different type. This has on its obverse a helmet upon a 
round shield, and on its reverse a pair of greaves, between which 
is a dwarf palm (Chamosrops The arms are perhaps those 

of Minerva, kept here, as Virgil (JEn. i. 16) and Ovid (Fast. vi. 46) 
say the arms of Juno were At Carthage; and the palm might re- 
present the sacred grove ayvov) in which the temple of the 

goddess probably stood. This piece is followed by tetradrachms 
and didrachms of the best period and of most beautiful work, vary- 
ing a little in their style. The tetradrachms have on the obverse, 


Oixford Essctysi 1857, ** Sicily,” by M. E. Grant Duff, p. 75. 
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the head of Hercules in the lion’s skin, and on the reverse Minerva, 
as a victor at the Olympic games, in a quadriga, a type of which we 
^ have already spoken. It was Minerva, protector of the city 

whose sacred grove was made more illustrious by the suc- 
cess of Psaumis. The didrachms have on the obverse the head of 
a river-god, portrayed as a young man with small horns, and with 
his hair wet. Of the two rivers of Camarina, the Oanus and the 
Hipparis, the latter is here represented, for in one case the name is 
given on the coin. Pindar seems likewise to show the same pre- 
ference ; for while he merely mentions the Oanus (srflToe/atfv . . 
he speaks of the sacred ciiannels in which the Hipparis watered the 
city On the reverse the 

nymph Camarina (^Qx%mov Suyovri^ . . . Koffteeg/vce) is seen carried 
across her lake a swan swimming nith ex- 

panded wings, while she aids it by spreading her veil in the man- 
ner of a sail. Some of these didrachms have on either side, 
around the chief device, fresh-water fishes. The copper coins of 
Camarina are on the Italian system. 

The series of Catana comprises fine archaic tetradrachms and 
others of the time of the best art, which are handsome, though man- 
nered. The reverse-type of the latter is a victor at the Olympic 
games in a quadriga, passing one of the metae, which is a column 
of the Ionic order. Gela is represented by coins in the three 
metals. The archaic tetradrachms and didrachms must be especially 
mentioned. The former have on the obverse the fore-part of the 
river-god Gelas, whence the city took its name — 

* “ Immanisque Gela fluvii cognomine dicta” 

iii. 702), as Agrigentum did from the Acragas, and Camarina 
from its lake. The Gelas is repi*esented as a bull, having the face of 
a bearded man. On the reverse is a victorious biga at the Olympic 
games, in some e samples represented passing a meta, which is an Ionic 
column, and resembles that on coins of Oatana. A tetradrachm 
of the later portion of the time of good art, with the types of the 
fore-part of the Gelas and the victorious chariot, here a quadriga, 
is remarkable for having above the latter a bird, doubtless an 
eagle, taking the place of Victory. A tetradrachm of the com- 
mencement of the period of good art, and of the highest western 
style, characterized by a slight severity of treatment, has on the 
obverse the head of the Gelas, as a young man horned, surrounded 
by three fresh-water fishes 5 and on the reverse Victory in a biga, 
with a wreath above. The accompanying inscription is TEA- 
fllON. Some of the copper coins are beautiful, but not of the 
finest style. The money of Himera is of great interest. The 
earliest pieces are didrachms, which, like the series of Zancle, 
follow the jEginetan talent. No other Sicilian cities are known 
to have struck coins on this weight. The oldest didrachms of 
Himera, which probably commenced in the sixth century B.C., bear 
on the obverse a cock, and on the reverse an incuse type. They 
are succeeded by archaic tetradrachms, which bear on the one side 
a victorious chariot, and on the other a nymph sacrificing, near 
whom a little Pan, or Paniscus, stands beneath the stream of a 
fountain issuing from a lion’s head in a wall. The fountain no 
doubt represents the hot spring of the place, from which it was 
afterwards called Thermae. Leontini is chiefly represented by 
archaic tetradrachms and didrachms ; but there are a few tetra- 
drachms of the early part of the time of good art. The type of 
the chariot at the Olympic games occurs on these coins, of both 
periods. The series of Messana is one of particular value. It 
commences when the town was called Zancle, or, as it is written on 
the coins, Dancle, with early drachms and smaller pieces of the 
j®ginetan weight, and of very archaic work. On the obverse is a 
dolphin, and around it a sickle ; and on the reverse is a shell in the 
midst of an incuse pattern. The place is said to have received its 
name on account of its resemblance in form to a sickle or 

^ayxAu), like the town of Drepanum, or Drepana, in Sicily, and 
probably the promontory of Drepanum of the Peloponnesus. If 
thep were no religious meaning attached to these names, this early 
design of Zanclo would be an instance of what is termed a speaking 
type. It is more reasonable, however, to suppose that in each case 
there was a primary religious meaning in the names, and indeed later 
writers say that the sickle of Saturn was buried here, and at the Sici- 
lian Drepanum, the descriptive character offering a secondary mean- 
ing. Next to these first coins of Zancle may be placed, as the oldest 
piece of the' Attic weight, a tetradrachm with the Samian types, — a 
lion’s scalp on one side, and on the other the head of a bull, and bear- 


ing the inscription ME22ENI0N (for This coin was Greek 

doubtless struck during the rule of the Samians, who took the place Coins, 
about B.c. 494, at the instigation of Anaxilaus, tyrant of Rhegium, v „ -, 1^ 
by whom they were subsequently expelled. {Thucyd. vi, 4.) The 
next pieces are the earliest of those which have on the obverse a 
chariot drawn by two mules, and on the reverse a running hare. 

They most closely resemble coins of Rhegium, with the same de- 
vices, and must be assigned, like them, to the rule of Anaxilaus. 

As we have already mentioned, the period at which this tyrant 
governed the two towns is thus indicated, particularly as these 
types cease in the coinage of Rhegium, although they continue at 
Messana, some of the tetradrachms bearing them being of the period 
of fine art.^ The copper coinage is of good work. When the town 
had been seized by the Mamertini, its name was changed to theirs, 
which is accordingly borne by the later coins, which are of copper. 

They are good, but not of the best style. Naxos is represented by 
handsome archaic tetradrachms and others of the fine period, and 
by smaller silver pieces, chiefly of the earlier time. 

There are some coins of the city of Panormus, but most of 
those which have been classed to it are of the Carthaginians, issued 
both in Sicily and Africa. Nothing is more probable than that 
many of these pieces were struck at Panormus, but there is no 
means of distinguishing any such, and if there were, the mere fact 
of their having been issued at the place would not justify us in 
classing them to it. The Carthaginian coins of Sicily may be best 
noticed after the Greek coins. Segesta is represented by tetra- 
drachms and didrachms of the archaic and of the good period. One 
of the tetradrachms of the early part of the latter time has on the 
obverse the Olympic victorious quadriga, driven by Proserpine, 
who carries ears of bearded corn, while Victory flies above, about 
to crown her. The reverse-type represents a hunter, that is, some 
divinity or mythical hero in that character. 

The series of the city of Selinus next demands notice. The 
first coins are didrachms, bearing on the obverse a leaf, and on the 
reverse an incuse square, either having several divisions, or else 
containing a repetition of the leaf. The representation of the leaf 
is not, either on these or later coins, very exact. The city and its 
river no doubt derived their name from the plant aixnov, the leaf 
of which must be here intended. There is some difficulty as to its 
identification ; for in this case, as in those of many other natural 
objects, the Greeks may have given the same appellation to very 
different things. The plant sacred at Selinus appears to be, as 
Colonel Leake supposes, wild celery (Apium gramolens) ; ® but it 
does not follow that that of the same name with which the victors 
at the Isthmian and Nemean games were crowned was really the 
same.® Tetradrachms of a later time, either of archaic style or of 
that of the earliest part of the period of good art, have devices of 
more than usual interest. The obverse bears a biga with Apollo 
and Diana, the latter of whom drives, — a type doubtless referring 
to the Olympic games ; and the reverse exhibits a river-god, the 
Hypsas, sacrificing at the altar of jEsculapius, while a wading bird 
is sometimes seen behind him, as if departing. The latter subject 
appears to allude to the draining of the marshes into the river, by 
which the place was rendered more healthy. A tetradrachm of 
the best Sicilian style is important in connection with the opinion 
we have put forward as to the meaning of the chariot-types. It 
has on the obverse a quadriga, with two personages, doubtless 
Apollo and Diana, the former of whom appears to be driving ; 
above them is a wreath, and below an ear of bearded wheat, — ^the 
former plainly indicating a victory, the latter connecting the type 
with a Syracusan onfe of the same period relating to the Olympic 
games. The reverse represents the Hypsas sacrificing, as usual. 

The illustrious city of Syracuse is worthily represented by its 
coins. Its early and long-continued greatness in commerce and in 
arms, its luxury and its love of the arts, are attested as fully by 
these monuments as by the voice of history. The best do not indeed 
ever display the breadth and grandeur, and rarely the simplicity, 
that characterize the highest examples of the medallic art of 
Greece and her Asiatic colonies, but rather err in an excess of rich- 
ness and a use of tricks of art ,* yet the intrinsic beauty of many, and 
the fine execution of almost all, command great admiration, while 
the historical value of the series gives it an additional interest. 

The system of the gold coins of the Syracusans, like that of those 
of the Greek cities of Italy, is fundamentally on the Attic standard, 
but presenting some remarkable differences. Thus, although there 
are gold drachms and hemidrachms, there are also pieces respectively 


• Meffiana compare MUingen’s paper in Trans. Sac. Lit., toL i., pt . u., pp. 93, eS sea. ; and p. 363, 

he was marching from Syracuse to encounter the 
> see the enemy, they met mules carrying parsley 
dangerouslv m "th'ath7Hl»onM custom xo crown me sepulchres with parsley, which occasioned the proverb, of one 

toryfbeoat^e^ ‘ro’ight them their crowns before vie 

xne (^onntbians held tha wownof parsley snored, and then deoorated with it the victors at the Isthmian games. (Hut. Tbnokan, cap. 
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Greek as heavy as one and a half of each of these denominations. The 
Coins, oldest examples are of the early part of the period of good art, and 
V > therefore date from about the middle of the fifth century before 

the Christian era; and the latest probably immediately precede 
Sicily* reign of Agathocles (B.C. 317), the first tyrant whose name 

we find on the coins. There are some of these pieces which show 
marks of decline, but the greater number are of good work. One 
of the finest has on the obverse a head of Apollo, and on the 
reverse one of Diana, very differently treated, — ^the former having 
an ideal character, but the latter resembling a portrait. Other 
coins present on the obverse heads of the young Hercules and 
of other divinities, while the most important .reverse-type is a 
victorious biga. The silver coinage of Syracuse, which follows the 
Attic talent, presents many denominations. The decadrachms, 
though rare, are more common than those of any other city. The 
tetradrachms are extremely numerous, and evidently formed, at 
almost every period until about the time of Agathocles, the bulk of 
the silver coinage, the smaller denominations being of less frequent 
occurrence. The earliest corns are tetradrachms and didrachms of 
very rude work, which may be assigned to the later part of the sixth 
century B.C. The tetradrachms hear on the obverse a charioteer in a 
biga, and on the reverse an incuse square of four divisions, having 
in the centre a female head, probably that of Proserpine. The 
didrachms have a rider on the obverse, and the same reverse-types 
as the tetradrachms. A little later we find coins of much better 
execution, having a female head on the obverse, with dolphins, 
usually four in number, around it; and on the reverse Victory 
above the chariot or the horseman. Next in time to these are the 
famous decadrachms, believed to be the coins known as damare- 
tia, struck by Damareta, wife of King Gelon, on receiving a pre- 
sent of a hundred talents of gold, which the Carthaginians gave 
her when she had negotiated peace for them, after their defeat 
by her husband at the battle of Himera. As this battle was fought 
in the year B.c, 480, and Gelon died B.c, 478, the date of these 
coins is very nearly fixed, and may be considered to be B.c. 479. 
They afford an example of the highest archaic style, a style not 
without its excellence and promise. The resemblance to Egyptian 
art is most remarkable, and far greater than we observe in the 
money of Greece Proper. The obverse bears a female head, pro- 
bably that of Proserpine, bound with a wreath ; it occupies a 
circle, indicated by a fine line, without which are four dolphins, 
as though swimming round. The reverse-type represents a cha- 
riot, apparently drawn by three horses, in slow action, and driven 
by a man. Victory flies above, and below is a lion running. 
The style of the face of the goddess, with the slightly rounded 
nose, the eye as if seen in front, and the placid expression, no less 
than the treatment of the horses, at once recalls to one’s mind the 
colossi and battle-scenes of the temples of Egypt. There are tetra- 
drachms of so exactly the same work as these larger pieces that 
they must have been issued with them. After this time we per- 
ceive a rapid change to a much freer style, but yet one that already 
shows mannerism. The hair of the goddess, now undoubtedly Pro- 
serpine, is either partly covered with a kind of bag, or is variously 
arranged, sometimes in almost a fantastic manner ; and the dolphins 
around are less regularly placed than before. The period of good art 
may be considered to begin about B.c. 450, and to terminate with 
the commencement of the tyranny of Agathocles (b.c. 317). The 
length of this time is partly due to an accident which happened 
here towards its dose — the introduction, when medallic art was fast 
declining, of coins with the types and style of those of Corinth, 
where that art had but little decayed; so that there was a kind of 
recovery, very unusual in ancient money. At the commencement 
of the period of the best art, wo observe some admirable tetra- 
drachms, which, for the beauty of the face of Proserpine, the 
treatment of her hair, and the vigour shown in the drawing of 
the horses, now and always henceforward on the civic coins re- 
presented at full speed, are in their class quite unexcelled. The 
finest of these coins known to us is one in the British Museum. 
It has on the obverse a most beautiful head of Proserpine sur- 
rounded by three dolphins, and on the reverse a victorious quadriga, 
driven by a bearded charioteer. Victory hovers above, holding in 
her right hand a wreath, and in her left a label bearing the 
inscription ETAINETO, supposed to be the name of an artist. 
The names of artists begin to appear on these coins about this 
time ; and the distinction given to this word is by no means a 
proof that it is not one. Another, but little later, has on the ob- 
verse a head of Proserpine with ears of bearded wheat in her 
hair, and on the reverse a quadriga driven by a winged male 
genius, while Victory hovers above crowning him. On the 
obverse is ETM, the beginning of an artist’s name, and on the 
reverse ET©, the beginning of the name of another artist, 
showing that different hands were employed to design the two 
sides. Several coins, still somewhat later than this, have on their 
reverse Proserpine, with a flaming torch in her band, driving the 


victorious quadriga. One of these has for the obverse-type a Greek 

helmeted head of Minerva. To the same time belongs a tetra- Coins, 

drachm with a very beautiful head of the fountain-nymph 
Arethusa, whose name is sometimes written above in the form . 

APE ©02 A, as in Lord North wick’s admirable specimen, which 
has also the name of the artist, KIMXIN, on the fillet. The 
head is represented facing, but somewhat turned to the left, 
with the hair loose and as if wet, though skilfully arranged. The 
reverse bears Proserpine in a victorious quadriga. The name of 
Cimon also occurs on more than one of the decadrachms of the fine 
period, which we might otherwise have supposed to have been 
struck a little later. There may, however, have been two artists 
of the same name, or one may have worked at different periods 
of his life in styles varying as much as these. The later deca- 
drachms are not, however, like the earlier, all of the same time ; 
for there are some of an inferior style, which must be referred to 
a lower date. All were, however, probably struck during the 
tyranny of the first Dionysius (b.c, 405-368). Their obverse-type 
is a head of Proserpine, with the hair variously arranged, some- 
times partly contained in a bag of net, sometimes bound with 
corn leaves, and surrounded by four dolphins. The reverse dis- 
plays the same goddess in a victorious quadriga at full speed, 
while Victory above is about to crown her ; and the reward, a 
suit of armour, sometimes with the word A0AA, is seen below. 

These coins have been commonly considered the finest in the Greek 
series ; but the best of them are excelled in design and in execution 
by tetradrachms of the same place, and even these cannot be com- 
pared to the productions of the pure Greek school, as we have 
already endeavoured to show. There are other tetradrachms, 
besides those already mentioned, of about the time of these deca- 
drachms ; and some of a later period and inferior work, which are 
probably of the reign of Dionysius II., and of the republic esta- 
blished by Dion and overthrown by the tyrant. All these have 
types very similar to those of the decadrachms. The figure in 
the quadriga of the latest is, however. Victory. After these it 
is most reasonable to place those didrachms and smaller coins, 
which, although of Syracusan fabric, have in the former case 
wholly, and in the latter partly, Corinthian types. They are of 
good work ; and the didracbms so closely resemble those of Co- 
rinth, that their issue can only be explained by the supposition 
of some extraordinary influence on the part of the parent city. 

This condition is perfectly fulfilled by what occurred at Syracuse 
on the final overthrow of the second Dionysius by Timoleon the 
Corinthian (b.c. 344). The depopulated state of the city accounts 
for the inferiority of those coins which we suppose to have been 
struck a little before this event ; while a large issue of Corinthian 
coins at Syracuse would agree with the policy of Timoleon. He 
replenished the population with a body of Corinthian colonists, 
and sold the houses to them, depositing the proceeds in the treasury; 
and in accordance with his endeavours to connect the town as 
much as possible with Corinth, he would naturally, on issuing a 
new coinage from the sum thus obtained — said to have been a 
thousand talents (of silver) — have adopted the Corinthian types. 

There is a kind of hybrid coinage, half Corinthian and half Syra- 
cusan in character, which probably succeeded this, and lasted until 
the reign of Agathocles. The copper coinage 'of Syracuse anterior 
to Agathocles does not commence before the period of good art. It 
is on the Italian system, often of fine design and work, and well 
deserves the most careful study. 

The regal coins of Syracuse are of far inferior interest to those 
struck in the name of the people. Some of them are beautiful, 
but none in the highest style of Sicilian art. The series is im- 
portant on account of the weight of the silver pieces after the 
time of Agathocles, For these the Ptolemaic talent seems to have 
been used, their weights being in accordance with it ; while the 
treatment of the portraits is similar to those of the Greek kings 
of Egypt. Of Hiero II. there are octodrachms, of Queen Philistis 
tetradrachms and smaller pieces, and of Hieronymus pentadrachms. 

It is to be observed that the drachms of Philistis have a low Attic 
weight. It is possible, from the rarity of these silver coins, that 
they were struck rather as medals than to form the bulk of the 
coinage. The money of Agathocles is in gold, silver, and copper,; 
that of Hicetas in gold ; and that of Hiero II. and Hieronymus, 
again, in the three metals. Queen Philistis is only known from the 
coins and an inscription. She must have been the wife of Hiero 
II. towards the end of his reign, or of one of his sons. Her coins 
have fine though mannered designs; that of the obverse being 
her veiled head, and that of the reverse a victorious chariot. The 
later Gelon is probably a son of Hiero II., of that name, who may- 
have been admitted to some share of regal power. 

The town of Tauromenium, represented by five pieces in the 
three metals, closes the series of those Greek cities of Sicily, which 
are of high numismatic interest. We must, however, mention the 
main characteristics of the true Siculo-Punic coins — that is, those 
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Greek actually struck by the Carthaginians in Sicily. It has been usual 
Coins, to place together a large class of Graeco-Punic coins, on account 
of their general similarity. A careful examination, however, 
shows that they must be separated into two distinct divisions, 
representing the coinage of the Carthaginians in Sicily and in 
Africa, as Mr Burgon pointed out in his catalogue of the Thomas 
Collection. These classes are mainly to be distinguished by their 
weight, the Sicilian coins being adjusted to the Attic talent, 
like those of the Greek cities of the island, while the African follow 
the Phoenician talent ; but there is also a general difference in the 
types and style, which in the former are far more Greek than in 
the latter, in which Egyptian, or at least African, characteristics 
may be perceived. The Siculo-Punic coins are in silver and copper, 
for there are no gold pieces belonging undoubtedly to this series. 
Tetradrachms are the most numerous of the silver pieces. The 
most frequent types are, for the obverse, the head of Proserpine, 
and for the reverse a horse or horse’s head, both, especially the 
horse, being sometimes accompanied by a date-palm. The horse 
was probably sacred at Carthage, and thus came to be the fa- 
vourite symbol of the city. In late times the head appears to 
have become the prevailing form of the symbol. It may be worth 
while to remind the reader that both VirgiU and Silius Ttalicus ^ 
mention the digging up of a horse’s head — the symbol, says the 
former, of the future nation — at the foundation of Carthage ; and 
that the form of this tale given by Eustathius is still more illustrative 
of the coins. The last writer relates that the founders having dis- 
covered the head of an ox, took it as a bad omen, and left off dig- 
ging ; but commencing again about a cultivated date-palm, like 
that of the coins trtipvTtt/fictvoy, as distinguished from a wild 

one), found the head of a horse.^ This version of the story may be 
the origin of the combination of the horse and date-palm upon the 
Carthaginian money. We may also notice that there are Siculo- 
Punic letradrachms with the head of Proserpine and a victorious 
quadriga, struck in imitation of coins of Syracuse of the same 
denomination. 

(The principal work upon the Sicilian coinage is that of G, L. 
Castelli, Prince of Torremuzza, which, although published towards 
the close of the last century, has not yet been superseded,^) 

The islands near Sicily struck copper coins which are often singu- 
lar, and always of some interest. Those of Cossura are Phoenician, 
with an Egyptian character 5 those of Gaulos are Greek and Phoeni- 
cian j and those of Melita, Phoenician, showing both Egyptian and 
Persian influence. Of Lipara there is heavy copper money on the 
Italian sy.^item, having on the obverse a head of Vulcan, and some- 
times on the reverse a figure of the same divinity seated, holding a 
hammer, and a vase which he seems to have just formed. 

The Tauric In the Tauric Chersonese there are interesting coins of the city 
Chersonese, of Panticapaeum, the modern Kertch, in the three metals. Their 
obverse usually bears the head of a Pan, and their reverse a 
gryphon, or its head or fore-part. The money of European Sar- 
matia, of Dacia, and of Upper and Lower Moesia, is chiefly copper 
of the Greek imperial class. The few coins of earlier times are 
generally of a coarseness not far removed from barbarism. In 
European Sarmatia we may notice the autonomous and imperial 
pieces of Oebiopolis, and in Dacia the series hearing the name of 
the province. The Roman colonia Viminacium, in Upper Mcesia, 
is represented by numerous coins of a late time. Of Tstrus, in 
Lower Mcesia, there are didrachms and drachms having a strange 
type on the obverse, representing two beardless heads side by side, 
the one upright and the other upside down. On the reverse is an 
eagle devouring a fish. The former type has not been explained : 
it probably relates to some Greek myth. The style of those coins, 
it may be noticed, is in general fair, though it sometimes ap- 
proaches to barbarism. There are abundant Greek imperial coins 
of Marcianopolis and Nicopolis ; while Tomis, the place of Ovid’s 
banishment and death, is not unrepresented in this class. 

Thrace. The coins of Thrace are of high interest. The oldest are pro- 
bably of the sixth century B.c., and there are others of all subse- 
quent times, both while the country was independent and while it 
"was subject to the Romans, until the cessation of Greek coinage. 
Some of the best period are of the highest artistic merit. So long 
as they maintain any general distinctive peculiarities of fabric and 
design— that is, from their commencement until the age of Philip— 
the Thracian coins resemble those of Macedon. They also follow 
the same talent, that of Macedon, commonly called the Alexandrian 



or Ptolemaic. The heaviest tetradrachms are the earlier, which Greek 
weigh about 232 grains : those issued at later times are generally Coins 
much lighter. The money of Abdera comprises tetradrachms and _* ^ 
smaller coins of the period of archaic and fine art. The principal ^ 
type is a seated gryphon, .^nus is remarkable for the great 
beauty of some of its coins. These are tetradrachms of the earliest 
part of the time of the best art. They hear on the obverse a head 
of Mercury, facing, in his cap, and on the reverse a goat. The 
broad, free treatment of the head cannot be sufficiently praised ; and 
it is worthy of remark, that it is here far more effective than the 
later and artificial style. There are drachms of a period subse- 
quent to that of these coins, which enable us to make this com- 
parison, The money of the ancient city of Byzantium commences 
with early tetradrachms and smaller coins, having on the obverse 
a bull above a dolphin, and on the reverse an incuse square of four 
divisions. Tetradrachms of the late part of the time of good art, 
bearing the head of Ceres veiled, and with corn in her hair, on the 
obverse, and Neptune seated, on the reverse, should also be noticed, 
as well as the long series of copper coins issued under the empire. 

Of Oosa there are Graeco-Roman aurei, which were probably struck 
by Brutus during the short time that he maintained himself against 
the triumvirs. They hear on the obverse an eagle holding a wreath 
in one claw, and on the reverse a figure in a toga between two 
lictors, with the Greek inscription KOSflN. There is sometimes 
in the field of the reverse a monogram of the letters L B, which is 
supposed to indicate the name of Lucius Brutus, whom we know 
to have struck Roman money with the more famous Marcus Brutus. 

The Roman colonia of Deultum is represented by many coins ; and 
the city of Hadrianopolis by a long series, comprising fine pieces. 

Of Maronea, anciently famous for its wine, there is an interesting 
series of coins, beginning With very early drachms. After these 
we notice tetradrachms of the fine period, having on the obverse a 
horse, and on the reverse a vineyard, conventionally represented 
by a vine in a square. There are also large tetradrachms of a late 
time, with, on the one side, the head of an androgynous Bacchus, 
and on the other the standing figure of a young Bacchus. The 
Greek imperial coins of Pantalia and Perinthus are worthy of 
notice. Among those of the latter town we may mention very fine 
pieces of Antoninus Pius and Severus, and large coins, commonly 
called medallions, of Caracalla. In the Thracian Chersonese the 


most important series is one of autonomous silver coins, probably of 
the town of Cherronesus. The money of the island of Thasos is of 
much interest. It commences with extremely old silver coins, 
which appear to be on the ASginetan system. These are followed 
by a series on the Attic weight, ranging from a very early time to 
the commencement of the period of good art, some of the latest be- 
ing of fine style. The obverse-type represents a satyr carrying a 
female, and the reverse-type is an incuse square, divided, more or 
less rudely, into four parts. After this we observe coins bearing 
for their obverse-type the head of Bacchus. Some of these are of 
the best period of art, and one, a tetradrachm, is among the very 
finest Greek coins. The head of Bacchus is treated in a sculptural 
style that is remarkably broad and grand. The massive, powerful 
features, and the formal hair nearly falling to the neck in regular 
curls, like those of the full beard, are relieved by a broad wreath 
of ivy leaves designed with great delicacy and simplicity. The 
reverse hears a Hercules kneeling on one knee and discharging his 
bow, a subject powerfully treated. Of a far later period there are 
large tetradrachms much resembling those of Maronea. They were 
probably struck, in both places, in the early days of the Roman 
rule. The money of Lysimachus is of far higher importance than 
that of any other king of Thrace. The most common pieces are, in 
gold, staters, and in silver, tetradrachms. The earlier coinage 
follows the types of that of Alexander the Great. The later coin- 
age, of which the examples are far more numerous, bears as the 
obverse-type what is considered to he the first Greek regal por- 
trait, the head of Alexander with goat’s horns, deified as a young 
Jupiter Ammon the reverse- type is a seated Minerva holding a 
little Victory. There are coins of the kings of Paeonia, which are 
chiefly silver, and have a resemblance to those of the Macedonian 
sovereigns, although they are somewhat barbarous. 

The coinage of Macedonia, both civic and regal, is of great Macedon. 
variety and interest. It commences at an early time, probably to- 
wards the end of the sixth century b.g. The oldest pieces are of 
silver, copper, and not long afterwards gold, having come into use 


^ i. 441-445. 


* Fun. ii. 410, 411. 
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a'jj/Aceivsa-^eei o'^aX^v uvreig^ xcu •Xxp aXkm laa'/v raa<pijg xecHx km vo7s 'iTrtotSt Kxrjff'eiv ly raJ •romroa tottu KcefvrflSavat, i 6 .r.X. 

(Eustathius ad piony 8 mm,Per%. 195; comp. 

pendioes— ffwogwe et Tyrannorum Veteris Nummi Saraemorvm JSpocham antecedentes, fol., Panormi, 1781 (with twC ap* 
Some have doubted this type to represent Alexander, hut the erldence in favour of its doing so must be considered to he c<molasive. 
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Crreek for coinage during the fourth century b.o. The types are of a 
Coins. Greek character, with, in the earliest class, a tendency to har- 
V ^ harism. Their art, although at first slow in its development, at- 
talned great excellence. The standard of the earlier coins is that of 
Macedon. Macedonian talent, which is better known as the Alexan- 

drian or Ptolemaic, from its restoration to use in the coinage of 
Egypt by the first Ptolemy. The weight of its drachm was at first 
about 58 grains. The heaviest denomination in Macedonia was 
an octodrachm. The coins of this denomination are of an early 
period, all dating about the time of Alexander 1., and indicate the 
metallic wealth of the country rather than the success of its trade 
at that time, since they are more likely to have been coined from 
the produce of the mines than from silver acquired in commerce. 
Philip II. adopted for gold money, which he was the first Mace- 
donian king to issue, the Attic weight, striking staters on that sys- 
tem, while he maintained the old standard for his silver coinage. 
Alexander the Great made the weight of the gold and silver money 
the same by using the Attic system for both ; and from his time no 
coins of kings of Macedon, in these metals, were struck on any other. 

The series of Macedon commences with coins of the kingdom or 
province bearing the name of the Macedonians. Some of these 
seem to have been issued under the kings, but others are of the 
Roman domination. The money of Acanthus comprises fine ar- 
chaic tetradrachms, and others of the commencement of the period 
of good art. The type of their obverse is a lion seizing a hull. 
There are smaller pieces of various kindred types. The money 
of AEneia is chiefly interesting from its bearing the head of the 
hero AEneas. The town of Amphipolis is represented by a long 
series. There are tetradrachms having on the obverse a head of 
Apollo facing, which are of fine work, but not in the severe and 
best style. The reverse-type is a torch in an incuse square. Other 
silver, as well as copper coins, display good art. There are also 
many Greek imperial copper pieces of this place. The territory of 
Chalcidice is pre-eminent for the high excellence of some of its silver 
coins. These are tetradrachms of the best period, and of an ad- 
mirable style. The more important design is that of the obverse, 
representing a head of Apollo in profile, crowned with laurel. It 
is in very high relief, and treated with great simplicity, though not 
with the severity of somewhat earlier pieces. The delicacy of the 
features is balanced by the shortness of the hair, and the broad, 
heavy wreath of laurel. On the reverse is a lyre of seven strings. 
Other tetradrachms are of comparatively coarse work. There is an 
early series of coins of Lete. Some are of a remote date, and none 
later than about the time of Alexander I. The obverse-type is a 
Pan or faun with a nymph, and on the reverse is an incuse square. 
These coins are nearly all tetradrachms. Of Neapolis there are 
archaic silver and copper coins, with, on the one side, a Gorgon- 
head, and on the other a head of a female. The coins of Philippi 
are in the three metals. The gold pieces are fine staters, with the 
head of Hercules in the lion’s skin on the obverse, and on the re- 
verse a tripod. The silver and early copper pieces have the same 
types. The style of all points to the reign of Philip II., who, hav- 
ing discovered or gained possession of a rich gold mine near Ore- 
nides, changed its name to Philippi. Pydna is represented by 
copper money of the best period, sometimes fine, and, in the case 
of one specimen we have seen, very beautiful. There is a long 
series of Greek imperial coins of Thessalonica. Traelium must 
also he mentioned on account of its archaic silver coinage, and for 
the excellence of some of its copper money of the best time. The 
class of uncertain coins of Macedonia is deserving of careful study. 
It comprises very early silver pieces, among which octodrachms of 
the Macedonian talent should be especially noticed. One of the 
latter, and a smaller piece, bear inscriptions which have caused 
them to he attributed to the Orestas, but both Millingen and 
Colonel Leake assign them to a people of Thrace, not otherwise 
known to us, whom they call the Orescii, from the inscriptions of 
the coins. There are also two coins of Geta, King of the Edoni, a 
prince of whom we have no other record. They are octodrachms 
of about the period of Alexander I. On the obverse is repre- 
sented a hero wearing a causia driving two hulls,- and the reverse 
bears an incase square of four divisions, having around it on one 
coin rET[A]2 BA2IAEX12 HAHN AN, and on the other FETA2 
HAONEON BA2[I]AEV2. The difference, not alone in con- 
struction, hut in orthography, and the use of long and short vowels, 
is very remarkable, and seems to indicate barbarism, since the coins 
are unquestionably df the same period. Both were found in Baby- 
lonia by Mr Rich, — a circumstance that finds its explanation either 
in the commercial importance of the Macedonian silver at this time, 
or in the probability that the remains of the armies of Darius and 
Xerxes carried away with them some Greek money taken as plunder. 


The coinage of the Macedonian kings, since it includes the money Greek 

of Philip II. and that of Alexander the Great, is equal in interest Coins, 

to any other Greek regal series. The oldest pieces are of Alex- 
ander I., the contemporary of Xerxes. These are octodrachms, ^ , 

resembling those of Geta, King of the Edoni, but having Qj^^^oeoon. 
the obverse a hero by the side of a horse; and coins of a lower 
denomination with the same type. The next king known by 
his coinage is Archelaus (B.o. 413-399), of whose reign we have 
silver coins, some of which are of archaic, and others of fine work, 
as well as the earliest copper money of the series. Of Amyntas 
II. (b.o. 397-371) there are coins of fine work, both in silver and 
copper. The money of subsequent reigns is not remarkable until 
that of Philip H. His gold pieces are staters and a small division. 

The abundance of the former is attributable to his having possessed 
the gold mine of Philippi. The staters are Attic didrachms, and 
are of fine, hut not of the highest art. They bear on the obverse the 
head of young Hercules, — not of a sufficiently manly cast, and re- 
sembling that of Apollo, though rightly attributed to the former 
divinity by Mr Burgon. On the reverse is a goddess in a victorious 
Olympic biga, a type we have already explained: in one case 
Victory flies before the horses. These coins were afterwards known 
as and the gold money of Alexander as — ap- 

pellations which probably did not include larger or smaller pieces. 

Horace calls the gold coins of Philip, Philips” (“ regale nomisma, 
Philippes”), (Epist. ii. 1., v. 232.) The silver coinage of Philip 
is exclusively composed of tetradrachms of the Macedonian talent. 

Their type of obverse is a head of Jupiter ; and of reverse either a 
mounted hero wearing a causia, or a victor in the horse-race with 
a palm, a design already discussed. There is a diffi[calty in deciding 
as to the copper money of Philip. 

The coinage of Alexander the Great, both in the number of the 
cities where it was issued, and in its abundance, excels all other 
Greek regal money ; but its art is, without being despicable, far 
below excellence. The types are not remarkable in themselves, 
and there is a great sameness characterizing the entire series. 

The system of both gold and silver is Attic, Alexander having 
made the money of these metals uniform in weight by substituting 
the Attic for the Macedonian silver talent. The gold coins are 
distaters or gold tetradrachms, hemistaters or drachms, with their 
half, and a smaller denomination. The types of the distaters and 
staters — ^the latter of which were the most common pieces — are, for 
the obverse the head of Minerva, and for the reverse Victory bearing 
a standard. The largest silver piece is the decadrachm, of which 
there is but a single specimen known, now in the British Museum. 

The lypes of the tetradrachms and most of the lower coins are, on 
the obverse the head of young Hercules in the lion’s skin, and on 
the reverse Jupiter seated, hearing on his hand an eagle. The 
head has been supposed to be that of Alexander ; but this is not the 
case, although there is probably some assimilation to his portrait. 

The great currency was of tetradrachms, which were struck in 
different cities, distinguished by proper symbols and monograms. 

The classification of these coins is difficult, and has not been suffi- 
ciently studied. The copper money is not remarkable. (There is 
an essay upon Alexander’s coinage by M, Muller of Copenhagen, 
which will he found of service in its examination.^) 

The coinage of Alexander is followed by that of Philip Arrhidseus, 
in gold and silver. To Alexander jBgus no money has been assigned 
with certainty ; but it is probable that coins in silver and copper, 
usually attributed to Alexander II. of Epirus, were issued by 
Ptolemy I. in Egypt in the name of this titular sovereign. The 
obverse-type of these is a fiead of Alexander the Great, like that on 
the coins of Lysimachus, in the silver pieces covered with the skin 
of an elephant, and in the copper ones bare. The money of Cas- 
sander and his sons Philip IV, and Alexander IV. is not remark- 
able. The coins of Antigonus, King of Asia, are placed in the Mace- 
donian regal series, since he was a successor of Alexander, and his son 
Demetrius gained the Macedonian sovereignty; but this is scarcely a 
correct classification. He struck very fine tetradrachms, having on 
the obverse a head of Neptune, and on the reverse Apollo seated on 
the prow of a galley, — types indicating the naval power of this king. 

The coins of Demetrius L, Poliorcetes, comprise fine tetradrachms, 
the types of which have a similar reference. They hear either, on 
the obverse his portrait horned, and on the reverse a figure of Nep- 
tune, or on the one side a winged female figure ( Victoryp in the prow 
of a galley, blowing a trumpet, and on the other Neptune striking , 
with his trident. The latter types cannot he doubted to relate to 
the great naval victory which Demetrius gained over Ptolemy. 

The tetradrachms of Antigonus I., Gonatas, which are of inferior 
style and work to those of Demetrius, have types which appear to 
refer in like manner to the great event of his time. Their obverse- 


^ NtmimaMgue d^Aleiwmdre h Growd, suivie d’un Appendioe nontenant les Monnaies de Philippe II. et III. Par L. Miiller, 8to, Oopenhagns^ 
1855 (with a vol. of plates in 4to). 

® Eckhel supposes this figure to he Fame, hut in this instance he seems to have judged hastily (Doct. Nvm, Fet,, vol. ii., pp. 120, 121). 
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Greek type is a Macedonian buckler, with the head of Pan in the midst ; 

Coins, and their reverse-type Pallas Promachus. The head of Pan is 

K ^ ^7 supposed to have been taken as a device in consequence of the panic 

Tvhich led to the discomfiture of the Gauls at Delphi,— panics 
being attributed, as the name imports, to the influence of Pan. 
The money of Demetrius II. and Antigonus II. is unimportant. 
The tetradrachms of Philip V. have, on the obverse two kindred 
types, in each case a head in the helmet of Perseus, hut one appa- 
rently representing Philip in the character of that hero, and the 
other the hero himself, though probably assimilated to the king. The 
reverse bears a club. Other tetradrachms and smaller coins'have a 
simple portrait of Philip. The tetradrachms of Perseus are of a fair 
style, considering the time at which they were struck. They bear 
on the one side the king’s head, and on the other an eagle on a 
thunderbolt. 

Thessaly, The coinage of Thessaly presents very few specimens of a remote 
period, while coins of the best time are numerous. The latter are 
in general remarkably like the finest coins of Sicily and Italy, 
although there are some of a severer style. The weight is gene- 
rally, if not always, adjusted to the AEginetan talent. Of the town 
of Goraphi or Philippopolis there is a beautiful drachm, having on 
the obverse a female head facing, which is probably that of Juno. 
The coins of Lamia are also to be noticed for their beauty. The 
series of Larissa is well worthy of a careful examination. It com- 
mences with archaic pieces, and some of the early period of good 
art, hut of rather coarse execution. These are followed by coins of 
fine work. The usual obverse-type is the head of the nymph of the 
fountain facing, and on the reverse is generally a horse, either free 
or drinking. On some the head is treated in a very rich manner, 
like that of the fountain-nymph Arethusa, facing, on tetradrachms 
of Syracuse 5 indeed, in one case, the resemblance, in its obverse, of 
a didrachm of this place to these Sicilian coins is most remarkable. 
The small silver pieces have very interesting types, relating to the 
nymph of the fountain, and to be compared for mutual illustration 
with the common didrachms of Terina and with some of those of 
Elis. The copper money is also fine. The coins of Pharsalus and 
Pherse are worthy of note. Of the tyrants of the latter town, 
Alexander and Tisiphon are represented by their coins ; but we 
agree with Mr Burgon in thinking the tetradrachms which have 
been ascribed to the former to be of a king of Pasonia. The coins 
of Tricca resemble those of Larissa. 

Illyricum, The coinage of Illyricum is poor and rude. The weight is at 
fiirst .^ginetan, but afterwards it appears to have been generally 
Attic, a change probably attributable to Corinthian commercial 
influence. Of Apollonia there is a large series of Attic drachms, 
the most important type of which is a reverse one representing 
three nymphs dancing around what appears to he a burning hillock, 
but may be intended for a volcano. There are also a few Greek 
imperisd pieces. Dyrrhachium, which never, as far as is known, 
bears on its coins the more famous name of Epidamnus, is repre- 
sented by an important series. First, there are .^ginetan di- 
drachms, with Cocyraean types, — on the obverse a cow suckling a 
calf, and on the reverse a device supposed to be a kind of ground- 
plan of the famous gardens of Alcinoils. These are succeeded by 
didrachms with Corinthian types, and, of course, on the Attic 
standard; and then the old types are resumed, hut apparently 
without a return to tie former weight. Dyrrhachium, it should 
be remembered, was founded partly by Corcyraean and partly by 
Corinthian colonists. The Corinthian types are, however, to be 
at least mainly ascribed to subsequent influence, although their 
adoption may have been furthered by the recollection of the origin 
of the town. A didrachm of the first class hears the name of a 
King Monunius, who has been supposed to he the Illyrian prince 
Monunius mentioned by Livy and Athenseus, and who reigned 
about B.C. 180. All the ^Eginetan didrachms, however, must be 
concluded to have been struck from about b.c. 400 to 300, the 
Attic money supplanting them at near the latter date ; and there- 
fore this supposition is not tenable. 

Epirus. The coins of Epirus are of higher interest and beauty than those 
of Illyricum. The weight is generally jEginetan, except in the 
regal series, which follows the Attic standard. Of the Epirots 
there are silver coins which appear to be AEginetan didrachms 
and drachms of low weight. They are of about the time of Pyrrhus 
and of a later period. The city of Amhracia is represented by 
beautiful silver pieces, with, on the one side a veiled female head, 
and on the other a kind of obelisk. Of Damastium there are rude 
coins, which are doubtless of an early period. The long series 
of Greek imperial money of Nicopolis must also be mentioned. 


The coinage known to us of the kings of Epirus begins under Greek 
Alexander I. His coins have been found in the three metals, but Coins, 
they are rare. It is probable that they were struck in Italy while v. ^ i 
he was in that country. The coins of Pyrrhus are of high in- 
terest, and remarkable for their beauty, although in a greatly 
decorated style. There can be little doubt that they were for the 
most part struck in Italy and Sicily — at Tarentum, Syracuse, and 
probably other towns also. Some of the gold pieces are fine, but 
the silver are more worthy of note. The tetradrachm has for 
the type of the obverse a head of the Dodonasan Jupiter crowned 
with oak, and for that of the reverse Juno seated. A fine didrachm 
bears on the obverse a young male head helmeted, which we 
believe to represent Pyrrhus, though in a peculiar manner. It is 
said that Pyrrhus was judged by his contemporaries to hear a great 
resemblance to Alexander in face and manner and if we compare 
this head with that king’s on the coins of Lysimachus, we perceive 
a remarkable similarity. There is what we should call a strong 
family likeness, if the term be admissible, between the two. The 
features are not alone similar, but they have the same animated 
expression. Visconti considered the head in question to he that 
of Pyrrhus, and' brought forward the argument given above, hut he 
did not meet the objection that the treatment is ideal. This diffi- 
culty is overcome if we consider it to have been an idealized por- 
trait of Alexander assimilated to that of Pyrrhus, as the head of 
Hercules on the money of the former king is probably assimilated 
to his own. The portrait of Alexander on the coins of Lysi- 
machus, and again on those which we suppose to he of Alexander 
iEgus, is also ideally treated, more especially in the latter case.® 

Among the copper coins of Pyrrhus we must remark the beautiful 
ones with the portrait of his mother Phthia. The money ascribed 
to later kings of Epirus is of doubtful attribution. 

The coinage of the island of Corcyra generally, or of the Corey- Corcyra. 
raeans, commences with very early didrachms and drachms of the 
jEginetan weight. These are followed by coins of the early part 
of the period of good art, hut usually somewhat rudely executed. 

The types of the didrachms of this and the preceding group are, on 
the obverse a cow suckling a calf, and on the reverse the supposed 
gardens of Alcinoiis, both, as we have seen, like those of the first 
didrachms of Dyrrhachiums, These are followed by coins with, on 
the one side, the head of an androgynous Bacchus, and on the other 
a Pegasus. The former of these types is illustrated by the fame of the 
wine of Corcyra in ancient times ; the latter by the colonization of 
the island from Corinth, to which town this type must be held to re- 
fer, These and the later coins are probably on the Attic standard. 

Copper money is abundant, both of the autonomous and the impe- 
rial class. There are, however, no pieces which can he considered 
to he of very fine art in either silver or copper. 

The coins of Acarnania are not remarkable for beauty, or for Acarnania. 
variety in their types. We must mention those of the Acarnanians, 
which are iEginetan didrachms and drachms, having on the obverse 
the head of the Achelous, beardless, and covered with a hull’s skin, 
and on the reverse a seated Apollo. These are probably of about 
the time of Alexander the Great. Of Leucas there are silver 
and copper coins, the latter being numerous; and of (Eniadse, 
copper, with, on the one side the head of Jupiter, and on the 
other that of the Acheloiis, bearded, and in a bull’s skin. The 
honour in which the Acheloiis was held explains the occurrence of 
its head in more than one series. 

In jEtolia, the money of the .^tolians must he mentioned. The jEtolia. 
gold and silver coins are fine, but not of the best period or of a 
very good style, and are probably to be referred to about Alex- 
ander’s time. The gold pieces have on the obverse the head of 
Minerva or that of Hercules in the lion’s skin, and on the reverse 
.Etolia, personified as a female seated on shields, with a little 
Victory on one hand. There are similar types on the silver coins ; 
and the drachms bear others relating to the chase of the Calydonian 
boar. The latter have on the one side the head of Atalanta wearing 
a causia, and on the other the boar and the spear-head with which 
he was killed. The standard is first iEginetan, and then Attic. 

In Locris the coins of the Locri Opuntii, no doubt struck at Opus, Locriai 
claim our notice. There are didrachms and hemidrachms on the 
AEginetan weight, of the best period, and of a style which is 
admirable, notwithstanding that it is very rich in the treatment of 
the subject occupying their obverse. This is a head of Proserpine, 
with corn-leaves in her hair. The reverse bears a warrior in a 
fighting attitude, with sword and shield. His name, AIA2, which 
is sometimes written beneath, shows that he is the Lesser Ajax, who 
led the Locrians to the siege of Troy. 


^tyJovTtt xott rd^eg Uzivou xu) xiyyifAx roT$ xou rUg Us/vov xee) (ims ravg ayuvKS Iv rdv^ru ff'xtis rms 

xai iLifAKfixTX, fiXy &XXa>v fixnX'wy b xu) zkitru xx) rZ uillov ^txXkyurdxi, uevov M Uvppaa roTg cKUig x%i tout 

XY*\iorihixyviAMu rh (Plut. Pyrr., cap. viii.) 

Supp,,pp.27, 28) supposed the head on the didraohm of Pyrrhus to be intended for that of Achilles, and his opinion has 
some support from the occurrence of the letter A in the field. This letter would, however, be equally appropriate in the case of Alexander. 
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Greek There are silver coins of the Phocians and of Delphi. Those of 
Coins. former are of archaic and of fine art, and follow the .ffiginetan 
system. The coins of Delphi, which are on the same standard, are 
not an important series. Among them are Greek imperial pieces, 
some of which have a representation of the famous temple on the 
reverse. 

Bcsotia. The coinage of Bceotia forms an interesting series. It is chiefly 
of a period anterior to the reign of Alexander, under whom the 
political importance of Thebes and the whole country came to an 
end. The silver money is fine in its art, and a great similarity is 
observable in its fabric and types. The standard is .^Eginetan, but 
the Attic must have been introduced after Alexander’s time, as 
there are some specimens of its weight. The copper money is poor. 
Of the Boeotians there is a long series. The great currency was of 
.<®ginetan didrachms, but many smaller coins are found. In the 
archaic pieces the obverse-type is a Boeotian buckler, which is 
probably that of Hercules, and the reverse bears an incuse square. 
On coins of the early part of the time of good art we find the 
buckler and a diota ; the former seeming to stand for Hercules, and 
the latter for Bacchus, corresponding to the types of Thebes with 
the head of Bacchus on one side and Hercules on the other. Later 
coins of these types, and of a very fine style, bear on the reverse 
the earlier letters of proper names, which can only be of magis- 
trates. One, a didracbm, may be particularized for its beauty and on 
account of the inscription EIIAMI, which Mr Burgon supposes to be 
part of the name of the illustrious Epaminondas, an opinion which 
the style of the coin corroborates. On this piece there is a rose 
above the diota. The other names require to be carefully studied. 
There are still later pieces of inferior work. Very rare tetradrachms 
of Attic weight, standing quite by themselves in the coinage of 
Bceotia, must be referred to a time subsequent to tliat of the silver 
coins of .iEginetan weight. Their obverse- type is a head of J upiter, 
and their reverse-type a seated Neptune. 

The coinage of Orchomenus is fine. Very beautifjil hemidrachms 
of the best time, with the head of Proserpine on the obverse, must 
be particularized. Of Tanagra there are coins of the archaic and 
the good period. The money of these lesser towns cannot, however, 
be compared for importance to that of Thebes. A few small gold 
coins have been found of this city ; but the great currency was of 
silver, and chiefly in didrachms, of course on the .^ginetan stand- 
ard. The earliest silver pieces must be assigned to a time not 
long after the beginning of Greek coinage. These have on the 
obverse the usual buckler, and on the reverse an archaic 6 in the 
midst of an incuse pattern. After these there are pieces of early 
good style and others of rich work of a later time, although also of 
the age of the best art. The types appear mainly to relate to Her- 
cules and Bacchus. We may notice didrachms, with on the ob- 
verse the buckler, and on the reverse the diota, with the buckler, 
and the infant Hercules strangling serpents, and with the head of 
Bacchus, and Hercules stringing his bow. The last reverse-type is a 
very fine example of the early work of the good time. The copper 
money is not remarkable. The only other Boeotian town which need 
be mentioned is Thespise, of which there are silver coins of a late 
archaic time. 

Attica. In Attica the great series of Athens demands our consideration. 

The gold money is not common, and of a late time, probably near 
that of Philip. The pieces are staters or didrachms. The silver 
is very plentiful, and must anciently have had a high commercial 
importance. We have already spoken of the denominations in 
treating of those of Greek coins generally. It may be here men- 
tioned that the decadrachm of Athens is extremely rare ; that the 
most common coin is the tetradrachm ; and that some of the smaller 
pieces are of frequent occurrence. The earlier coins have archaic 
types, commencing about B.c. 500, and reaching down, without any 
essential change of style, throu^ the period of good art, — a cir- 
cumstance which can only be attributed, as already remarked, to a 
desire not to injure the credit of the Athenian money for purity 
among the nations which received it in trade. They are thick and 
of coarse fabric, Tliere was no doubt a still older Athenian coinage, 
of which specimens must remain; but on this subject nothing 
satisfactory has as yet been published. The most notable coins of 
the earlier class are the decadrachm, which has on the obverse the 
head of Minerva, and on the reverse an owl with spread wings, 
with the inscription ABE, and an olive branch, and the tetra- 
drachm, with the same obverse, and on the reverse an owl, usually 
turned to the right, but sometimes to the left, and more rarely 
facing, but with its wings closed. The coins of the later class are 
thinner, and consequently broader, and of a more recent style, than 
those of the earlier. They probably commenced not long after the 
time of Alexander, and lasted until that of Sylla, if not later. ' The 
Principal pieces are tetradrachms, each bearing the names of three 


magistrates, among which occur those of two kings, Antiochus Greek 

(doubtless the third of that name), and the famous Mithradates of Coins. 

Pontus. Their obverse-type is a head of Minerva, probably copied 
from that of the ivory-and-gold statue by Phidias in the Parthenon, 
rather than that of the bronze one by the same artist on the Acro- 
polis; and their reverse-type is an owl upon an amphora. The Athe- 
nian copper is of low art. The first attempt to introduce it failed but 
the principal piece {:^uXxevg) was common in the time of the poet Phi- 
lemon ,3 about B.c. 300. The most remarkable copper coins are two 
bearing representations of the Acropolis and the great edifices. Both 
have on the obverse a head of Minerva. The reverse of one represents 
the Acropolis, with the grotto of Pan, the statue of Pallas Proma- 
chus, the Parthenon, and the Propylaea, with the steps leading up 
to the latter. The reverse of the other shows the theatre of Bac- 
chus, above which are caverns in the rock, and higher still the 
Parthenon and the Propylma.® Respecting the rest of Attica we 
need only remark that there are fine copper coins of Eleusis, and 
that there are Greek imperial pieces of Megara. 

The money of the island of .ffigina is of especial interest, since ^gina. 
with it Greek coinage is said to have originated. The story is, 
that at a time when ASgina was a dependency of Argos, Phidon, 
king of Argos, struck the first Greek money there, in the eighth 
century B.c. It is said that previously sUver was formed into 
spikes (ej3iXjer»ei)t of which six made a handful j and that 

thus the name of the drachm and its sixth, the obolus, originated ; 
but this account may be an invention of later times. There can be 
no doubt, however, that the earliest .dEginetan coins are of extreme 
antiquity. The weight is of course on the talent of .^gina. The 
oldest pieces are very primitive didrachms, bearing on the obverse 
a tortoise, and on the reverse a rude incuse stamp. Afterwards the 
stamp becomes less rude, and later has a peculiar shape. There 
are some coins of the early part of the fine period, and of excellent 
work. The great currency was of didracbms. The copper coins are 
not remarkable, but some appear to be of a time anterior to most 
Greek pieces in this metal. 

The series of Achaia is numerous and interesting. First we Achaia. 
must mention the coins of the Achaean League. The principal 
pieces appear to be tetrobola, since tbeir weight is about that 
of two-thirds of a light Attic drachm. The type of the obverse 
is a head of Jupiter, and that of the reverse AX, for AXA10N, in 
a monogram, with the name of the people by which the coin 
was issued, either in full, or represented by its commencement, com- 
monly the latter, and generally some distinctive symbol. There is 
also copper money of this confederacy. Corinth is represented by 
a very large series of coins, the weight of which is always Attic. 

The chief coin was the didrachm. The oldest pieces are of a 
very early time, and bear on the obverse a Pegasus, and on the 
reverse an incuse pattern. On coins of a subsequent time, of ar- 
chaic style, latterly approaching to that of the good period, we 
find the Pegasus still on the obverse, but on the reverse the head of 
Minerva in an incuse square. Of the period of the excellence and 
decline of art there are numerous specimens, some of which are of 
beautiful work, although generally devoid of the severity of the 
highest Greek art. The didrachms have on the one side a Pegasus, 
either galloping, which is most common, or standing, or drinking ; 
and on the other the head of Minerva, sometimes with a laurel- 
wreath on the helmet, which, it may be noticed, is always Corinthian. 

The old letter koppa, the initial of Corinth according to the archaic 
orthography, is generally seen on the obverse, as well as various 
symbols and letters, on the reverse. The smaller coins have the 
same obverse, but generally on the reverse a head of Venus, some- 
times in a cap. Some of these, which appear to be principally 
tetrobola, are of good work; and there are a few of fine early style. 

There are some drachms with Bellerophon in a combatant attitude, 
mounted on Pegasus, on the one side, and the Chimmra on the other. 

The autonomous copper money is poor, but often of fair work, and 
interesting, especially when the type relates to the myth of Bellero- 
phon. Under the Romans this city was made a colonia ; and we have 
a large and interesting series of the copper coins struck by it as such. 

To the colonies of Corinth is assigned a large series of silver coins, 
chiefly, at least, didrachms, — for it is doubtful if there are smaller 
pieces, — with the common types of the parent city. These coins 
probably do not, in some cases, indicate anything more than Corin- 
thian origin, — and there can be no doubt that the didrachms of 
Corinth had such a reputation in commerce that other cities would 
have been ready, when it was possible, to issue similar pieces, — 
but in other cases they are witnesses of a contemporary influence 
or actual supremacy of that great mart. 

There are copper pieces of Patrss as a Roman colonia, and silver 
and copper coins of Phlius, both of the period of good art. The 
ancient city of Sicyon is remarkable for the great beauty of its 


Aristoph. Ban, 737; JSedes. 810. 
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money. Kotwitlistanding its reputation for antiquity, no coins of 
the archaic time have heen attributed to it. The silver coins com- 
/ msnce in the time of early good art, and continue until a late 
period, perhaps not far from that of the Achaean League. The 
standard, at least during the good time, is .^ginetan. The most beau- 
tiful specimen known to us is a drachm of an excellent and simple 
style, having on the obverse a dove, as if alighting, and on the re- 
verse the letter 2 , placed horizontally like M, with an ornament be- 
neath it. There are didrachms of a somewhat later time, which, 
although very fine, are a little too decorated, or at least not severe, 
in their style. The type of their obverse is the Chimaera, and that 
of their reverse a flying dove within a wreath. The copper is 
mainly of good time, but some pieces may be late. 

The money of Elis, or the Eleans, forms a most interesting series, 
many of the silver coins being of the highest style, and almost all 
bearing interesting devices, remarkably executed. The weight is 
jEginetan ; and didracbms must have heen the most important coins. 
The inscription, in full JFAAEIllN, is remarkable for the use 
of the digamma. The earliest coins are thick pieces of archaic 
work, and singular style, probably struck about the time of the 
expedition of Xerxes. The obverse bears a flying eagle carrying 
a serpent, and the reverse, a thunderbolt, sometimes of an elaborate 
form. Later archaic coins have the eagle carrying a hare or ser- 
pent, and a winged female figure. Kext in order of time are the 
first fine coins. Some of these have on the obverse an eagle 
preying on a hare, and on the reverse a winged female figure 
seated on a base. This reverse is very beautiM in one example 
we have examined. Still later than these are coins of the finest 
style. On the obverse is a head of Juno, in a tiara, with honey- 
suckle ornaments, and sometimes bearing her name HFA ; and on 
the reverse an eagle, or a thunderbolt, within a wreath. The head 
of Juno is an admirable design, and fully proves that the Greeks 
attained as great success in coin-engraving as in sculpture. Hot 
only is the face most beautiful, but it is perfectly appropriate to 
the character of Juno as drawn by the poets, and fit for the form 
and surface of a coin. There are also pieces in a later style. The 
copper money is not remarkable. 

We have next to notice the coinage of the island of Oephallenia. 
The very early and archaic silver coins of Cranii must not he passed 
by, nor the money of Pale and Same, all cities of this island. Of 
the island of Zacynthus there are silver coins, usually of rather 
coarse work. Didracbms of the early good style, on the AEginetan 
standard, must be mentioned. The coins of Ithaca are of copper. 
They are of interest on account of their common obverse-type, 
which is a head of Ulysses. 

Returning to the mainland, we first notice the money of Mes- 
senia, or the Messenians. The most remarkable coin is an jEgine- 
tan didrachm of the finest style, having on the obverse a head of 
Proserpine, excelling in design the similar subjects on the money of 
Syracuse. On the reverse is a figure of Jupiter. The other silver 
coins are of a comparatively late time, many being of about the pe- 
riod of the Achman League. The copper money is plentiful, hut not 
interesting. In Laconia it is only necessary to mention the coinage 
of Lacedsemon, As we might have expected, there are no early 
coins, the silver money being, like so much of that of the Greek 
cities, of about the time of the Achseau League. Among the types 
of the autonomous copper pieces may be noticed the head of the 
Spartan lawgiver, with the inscription ATROTProC. 

The series of Argos in Argolis commences, as one would have 
anticipated, with coins of a very early period. The standard is 
JEginetan. The first coins are the drachm, with a wolf on the 
obverse, and on the reverse A, the initial letter of the name of the 
people and city, in an incuse square of two divisions, and the 
bemidrachm and a smaller piece, each with a wolf’s head on the 
obverse, and the same type of reverse as the drachm. The most 
common silver coins haye as their obverse-type the fore-part of a 
wolf ; and the head also occurs on smaller pieces. Among coins of the 
period of good art we must especially notice those which have for 
the ohverse-type the head of Juno wearing a tiara 5 a design which, 
although sometimes of great beauty, is not equal to that of the coins 
of Elis, the style being less simple. A reverse-type of one of these 
coins, a drachm, represents Dioraed stealthily advancing with the 
Palladium in his left hand, and a short sword in his right. On 
coins of the period to which this belongs (for it is certainly anterior 
to Alexander), the devices were of a strictly religious character. 
We cannot suppose a historical subject to be introduced j and it is 
therefore evident that the Trojan war was then considered by the 
Argives to be mythical. It may be remarked that some of the 
copper coins of Argos are of good style. Of the town of Trcezen 


there are very fine silver coins of the early part of the best period Oreek 
of art, and some of a later time. Coins. 

The money of Arcadia is interesting, although it does not form a y _ 
large series. Some pieces are doubtless among the most ancient 
struck by the Greeks, and the types of these and later coins are -Acadia, 
often connected with the remarkable myths of this primaeval part 
of Hellas, showing particularly the remains of its old nature-wor- 
ship. The first series to be noticed is that of Arcadia generally, or 
the Arcadians. It commences with very ancient silver coins, pro- 
bably of at least the sixth century B.O., hearing types which con- 
tinue to the early part of the fine period. These coins are chiefly 
hemidrachms on the .^ginetan system, of which the usual types 
are, for the obverse, Jupiter ABtophorus seated, the eagle usually 
represented as if flying from his hand; and for the reverse, a female 
head. Of a later time, from about the age of Alexander, there are 
coins with, on the obverse, the head of Jupiter, and on the reverse 
Pan seated. These form part of the general currency which fol- 
lowed that of Alexander, and was most prevalent under the Achaean 
League. As they have everywhere a maximum weight of about 
40 grains, it is probable that they were equal to low AEginetan 
hemidrachms, as well as to Attic tetrobola similarly debased 3 and 
from their generally having come into use where the system of the 
former had obtained, they were probably considered as related to 
it, although actually Attic tetrobola. In Crete, however, the 
.dBginetan standard was supplanted by the Attic, and the same 
must have been the case in Bosotia, although there no pieces of 
the later issue above the weight of Attic tetrobola seem to have 
heen common. The coins of Hersea are interesting. They 
commence at a very remote period, and last to the time of 
good art. The types of the oldest are, for the obverse, a female 
head veiled, probably that of Juno, in an extremely archaic style; 
and for the reverse, the retrograde inscription AgLac, between two 
horizontal ornamented borders. These and the other archaic coins 
are hemidrachms, and a smaller piece, on the iElginetan standard. 

The antiquity of Mantinea is, in like manner, attested by its money. 

The silver coins of a very early time have on the obverse a bear, 
representing Callisto, the mother of Areas, and on the reverse three 
acorns in a triangular incuse depression. Others, of a later time, 
have on the one side an acorn, and on the other the letter M. As to 
the type of the bear, it may be observed that Callisto was particularly 
honoured here and as to that of the acorn, that its occurrence 
shows that the prominence given to this fruit in the myths relating 
to Arcadia must be due to a primaeval nature- worship, and not to its 
having heen supposed to have been the food of the earliest inhabi- 
tants. The silver coins of Megalopolis are important, since we 
know the city to have been founded B.c. 370. The types are the 
same as those of the coins of the Arcadians of the same period, the 
obverse bearing the head of Jupiter, and the reverse Pan seated.^ 

The silver coins of Pheneus must be noticed to be of fine work. 

The last Arcadian town of the money of which we shall speak is 
Stymphalus, The finest coin attributed to this place is a magni- 
ficent didrachm on the jEginetan standard. The obverse bears 
the head of Diana laureate, and the reverse Hercules striking with 
his club. This coin, although of great beauty, is not of the highest 
style. The bead is not sufficiently simple in its treatment, being 
too rich in the details. The other design also errs in a want of 
meaning. When Hercules is represented shooting, there is no need 
to portray the object which he attacks ; but when he uses his club, 
there is a defect if we do not see what he is about to strike. Mr 
Burgon thinks this piece must he of a city of the same name in 
Crete, as yet unknown to us from any other source. Hot alone is 
the style of the coin remarkably Cretan, and even the mechanical 
execution, but the very same types occur on .iBlginetan didrachms 
of Ohersonesus of Crete. Yet Diana and Hercules were both wor- 
shipped in the Arcadian city. The smaller silver coins are un- 
doubtedly of that place. They have on the one side the head of 
Hercules, and on the other, the head and neck of a Styinphalian 
bird, most resembling those of a vulture. There were representa- 
tions of these birds in the temple of Diana at Sfcymphalus.® The 
series of Tegea can scarcely be considered as important, but three 
of the re verse- types of its copper coins are very interesting. Two 
of these relate to the story that Minerva gave a jar containing the 
hair of Medusa to her priestess Sterope, daughter of Cepheus, in 
order that she might terrify the Argives should they attack Tegea 
during the absence of Cepheus, when Hercules desired his aid 
in an expedition against Sparta. The third represents a hind 
suckling the infant Telephus. 

The coins of Crete bear witness to its ancient wealth. Silver Crete, 
must have been abundant, whence, except it were anciently found 


^ Pans, Arc. 3, 9, 35, 36. 

Leake Eur. ^r., p, 72) supposes that the later silver coins of Arcadia were struck at Megalopolis ; and this would explain 

the identity of thei,r types with those of the coins of this place. » Paus. Arc, 22. 
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Greek ^ke island (and modern researches there have not yet detected 
Coins, ally traces of this metal, much less of its former working), we must 
^ y suppose an extensive and active commerce. The period over which 
the autonomous silver coins range extends from about the latter 
part of the sixth century B.c. to the beginning of the Roman rule. 
The autonomous copper coinage belongs only to the latter part of 
this period, and gold money has not been found. The imperial 
coins are not numerous. The types have a very local character, 
which connects them with early Greek mythology. Neptune, 
Jupiter, J uno, Hercules, and the local goddess Britomartis, identified 
with Artemis, are among the principal divinities. Subjects con- 
nected with the myths of Europa and that of the Minotaur also 
occur. Many series have evident reference to the primaeval nature- 
worship. The art of the silver coins of Crete is well deserving of 
study. In general it is at first rude, and suddenly attains excel- 
lence, In its perfection it stands by itself, as wholly distinct from 
that of any other class of Greek money. In essential excellence it 
is inferior to no other style, but it errs in a want of fitness, neces- 
sarily arising from its intensely pictorial character. The percep- 
tion of beauty which it displays is very great, although in female 
heads there is too much richness. The figures, the animal forms, 
and the trees are drawn with the most admirable truth and freedom, 
and, notwithstanding, often in very low relief for Greek coins. The 
pictorial character of this art is shown not alone in the ohoice of 
subjects, but in the extremely natural mode in which they are 
treated, with a constant preference for perspective, without in 
either case a regard for the form or surface of the coin. Thus, as 
examples of Greek art, the finest Cretan pieces are of the highest 
value j but as examples of that art as applied to coins, they are to 
be consulted with great caution. The standard of the older silver 
coins, comprising all those of fine style, is AEginetan ; and the coins 
show a considerable lowering of weight. The later coins follow the 
Attic talent. Judging from their art, none of the older class can 
be much more recent than b.c. 370, nor any of the later, much ear- 
lier than B.c. 320. One thing is certain, that there is a gap between 
the coins of the two systems which corresponds very well to the 
reign of Alexander, some of whose coins may he ascribed, on very 
probable grounds, to Cretan cities. 

Of the island of Crete, generally, there are Roman silver coins 
of the earlier emperors, some of which are of fine work for the 
period. The inscriptions are either in Latin, or partly in Latin 
and partly in Greek. In the autonomous civic series there are 
didrachms of Aptera, called on its money Aptara. The obverse 
hears a female head wearing a tiara, and the reverse a warrior 
before a sacred tree.^ Of Chersonesus, the port of Lyctus, called on 
the coins Chersonasus, there are didrachms of fine style, and some- 
times of fine work also. The obverse has a head of Liana Brito- 
inartis, who had a temple here and the reverse bears either Apollo 
with his lyre, or Hercules striking with his club. The pieces with 
the latter reverse are essentially identical with the fine coin hither- 
to attributed to the Arcadian Stymphalus which we have lately 
noticed. The series of silver coins of Cnossus is of great interest 
and beauty. This city is said to have been the capital of the ancient 
Cretan kings, and its coins show that it must have been a wealthy 
place. The oldest coins are of a very archaic style, and probably 
anterior in time to the expedition of Xerxes, and certainly not 
later. One of these, a didrachm, has on the obverse the Minotaur, 
portrayed as a man with apparently a bull’s head, kneeling on one 
knee; and on the reverse the Labyrinth, represented by an intricate 
pattern. Another didrachm, of about the same time, has on the 
, one side the Minotaur, who has here undoubtedly a bull’s head, and 
on the other a head, which appears to be that of a female, within a 
labyrinthine border. The head, which is probably that of Ariadne, 
being put for a person, and the border for the Labyrinth, are 
instances of archaic feeling. The antiquity of these coins disproves 
the supposition that the Labyrinth was an invention of the later 
poets, as there is no mention of it by Homer, Hesiod, or Herodotus ; 
a supposition which has led to the conjecture that the idea is of 
Egyptian origin, and fixed to this place on account of the natural 
excavations in its neighbourhood.® The coins show that the myth is 
older than Herodotus; and it may be observed that the Egyptian 
Labyrinth, both from the evidence of ancient writers and that of its 
lately-discovered remains, does not appear to have been what is gene- 
rally understood by a labyrinth. Further, it is doubtful if Homer 
do not in one place allude to the Cretan Labyrinth.^ Of the early 
part of the time of fine work are didrachms with, on the obverse, the 


head of Proserpine, and on the reverse the head of a bull, for the 
Minotaur, in a labyrinthine border, or else only a conventional pat- 
tern for the Labyrinth. One of these is, on the obverse, in excel- 
lent style. These are succeeded by coins of the most beautiful design 
and execution. They have on the obverse a head of Juno wearing 
a tiara, and apparently represented as young; and on the reverse 
the Labyrinth, which here has a rectangular form, and is a maze. 
The head is of great beauty ; its youthful and soft character is 
probably an effect of Cretan art, but it may refer to the tale that 
Juno was married near this town.^ The didrachm and drachm of 
these types are known. Of a later time there are tetradrachms on 
the Attic standard, with, on the one side, the head of Apollo, and 
on the other the Labyrinth, represented of a circular form ; or the 
head of J uplter, and the rectangular form of the Labyrinth. There 
are interesting coins of Cydonia. Their types constantly refer to 
the myth of Cydon, son of Apollo by Acacallis, daughter of Minos- 
The money of Eleuthernss must also be mentioned. 

Gortys, or Gortyna, is represented by most remarkable coins, which 
generally allude to the myth of Europa. Lidrachms of about B.C. 
500 have on the obverse Europa carried by the bull, and on the 
reverse a lion’s scalp, in linear and incuse squares. Colonel Leake 
describes one belonging to Gen. Fox, with nearly this general type, 
hearing on the reverse a retrograde inscription in archaic characters, 
roPTTNOS TO 2AIMA[2HMA],® where probably means “badge” 

or ensign,” and not “ type ;” for the last rendering would not he 
in accordance with the principles of the inscriptions of Greek coins- 
These pieces are followed by a remarkably fine class of spread ABgi- 
netan didrachms, the types of which relate to the myth of Europa. 
The best are of the early part of the period of good art, at the 
time at which perfect skill of handling had been attained. These 
have on the obverse Europa seated in a pensive attitude on the 
trunk of a tree, doubtless the sacred plane at Gortyna which was 
said never to shed its leaves, mentioned by Pliny and on the 
reverse a bull suddenly turning his head, as if stung by a fly. 
Nothing in Greek art exceeds the skill and beauty of these 
designs. The truth with which the tree is sketched, and the 
graceful position of the forlorn Europa, are as much to be admired 
as the fidelity with which the bull is drawn, even when fore- 
shortened, sharply turning his head, with bis tongue out, and his 
tail raised. These designs, beautiful in themselves, are strikingly 
deficient in fitness, and afford equally strong illustrations of the ex- 
cellencies and the one great fault of the art of Cretan coins. Many 
pieces of the same class are of rude execution, but a fine style is evi- 
dent in all. There is a tetradrachm with the types of the late Athe- 
nian ones, from which it differs only in the name, and in having the 
badge of a butting bull. The coins of Hierapytna are chiefly re- 
markable for bearing the representation of a date’palm. Of Itonus 
there are fine early pieces, and others of the best period. Lyttus, as 
its name is written on the coins in the Oretanform, instead of Lyctus, 
is represented by many silver coins, chiefly archaic JBginetan di- 
drachms, having on the obverse a flying eagle, and on the reverse 
a boar’s head. 

The coins of Phsestus form an interesting series. Among the 
didrachms are some of admirable work, with, on the obverse, Hercules 
slaying the Hydra with his club, and on the reverse a bull, excel- 
lently drawn. Others, also of fine work, have on the one side 
Hercules seated on the ground, and on the other a bull within a 
wreath. The most remarkable coins of Phaestus are, however, 
those that bear representations of Tales, the man of brass, said 
to have been made by V ulcan. One of these is an JEginetan di- 
drachm, on which he is portrayed as a winged youth, naked, hear- 
ing in each hand a stone, and in a combatant attitude. This figure 
is accompanied by his name. A similar design is seen on a copper 
coin. The reader will recollect the accounts which ancient writers 
give of Talos, and especially that of Apollonius Rhodius {Argonaut* 
iv., 1638, et 9eq,), who relates that he prevented the Argonauts 
from landing in Crete by hurling stones at them, until he was de- 
stroyed by the artifice of Medea, These coins afford important il- 
lustration to such scanty and less authoritative notices, and have 
the advantage, as usual, of addressing us by representation and not 
by description. Instances of this kind show convincingly the great 
value of numismatic knowledge in the study of Greek mythology. 
Of Polyrrhenium, or Polyrrhenia,® there are many coins ; the early 
ones are fine, and should rather he called of the people than of the 
place, since it is said that at the period to which they undoubtedly 
belong the city was not built, and the Polyrrhenians dwelt in villages, 
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^ Nvmismata Hellenica, “ Insular Greece, pp. 3, 4, Strabo, lib. x., cap. 4. 

* Comp. Hoeok, EretUt vol. i., p. 56, et seq. 

* 11 xviii. 590, et seq. It is, perhaps, of little importance that the Onossians in after times showed a so-called sculpture in white stone ascribed to 
Lmdalus, representing the dance of Ariadne, a work to which Homer was here said to allude. (JPaus. ix. 40.) 

* Diod. Sic. v. 72. 

® Eumismata HeUenica, “ Insular Greece,” p. 18. xii. 5* 

* The name of the place or people on the coins has but one P. 
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G-reek by which we can scarcely understand a straggling’ and unwalled 
Goins, town.^ There are interesting coins Rhaucus, 


both with representations of Neptune. Of Sybrita, or Sybritia, we 
must notice a didrachm of the finest work, bearing on the obverse 
Bacchus or a bacchic figure, with a thyrsim carried by a panther, 
and on the reverse Hercules drawing on his right buskin. 

Ruboea. The coins of Eubcea are plentiful, but their types are not very 
various. All, however early, are on the Attic standard, and no 
numismatic indication of a distinct Euboic talent has yet been 
discovered. Of Euboea generally, silver and copper coins are 
known. The former are of the early part, and the rest of the 
period of good art, but principally of the latter. The obverse has a 
female head, probably of Venus, and the reverse, the head of a 
sacrificial bull. Carystus is represented by early didrachms with, 
on the one side, a cow suckling a calf, as at Dyrrhachium, and on 
the other a cock ; and by later pieces with the head of Hercules 
bearded, in the lion’s skin, and a palm-tree or other device. Of 
Chalcis there are drachms with the head which is probably that of 
Venus, and an eagle destroying a serpent, some of which are fine, 
although not very remarkable for their art. There is an early 
tetradrachm of Eretria, bearing on the obverse a bull as if stung by 
a fly, and with a bird standing on his back, and on the reverse a 
cuttle-fish. Among the later coins no very fine pieces are found. 
Of Histissa there are many small silver coins, which appear to he 
drachms and tetrobola. The obverse-type is, as we think, the head 
of a bacchic female (for it can scarcely be of the ani?ogynous 
Bacchus), and is sometimes very beautiful ; and the reverse-type is 
a female seated on a prow, and holding a mast. Most of these coins 
are of the fine period, hut some are late. In the copper series there 
are also pieces of good style. 

Ceos, &c. Among the other Islands classed after Euboea, Ceos is especially 
worthy of note. There are coins which have the name of the 
people in general, and others of the cities of Oarthaea, Coresus or 
Ooresia, andlulis. The silver money of Coresus is wholly of a very 
early time, for we must assign it to the sixth and seventh centuries 
S.O., carrying its oldest pieces as far back as near the commence- 
ment of Greek coinage. The weight is .^ginetan; and there are 
didrachms and smaller coins. The usual obverse-type is a cuttle- 
fish and dolphin, and the reverse bears an incuse pattern. Of the 
coins of Melos the common obverse-type is a fruit, probably a 
pomegranate. Those who expect, from the excellence of the works 
of art that have been found in this island, a corresponding beauty 
in its coinage, will be disappointed, as at Athens. Naxos is repre- 
sented by early ASginetan didrachms and coins of the fine period, 
the latter being chiefly copperpiecesof remarkably delicate and good 
work. The types are bacchic. Of Paros the silver money is 
plentiful, but not very fine ; it consists chiefly of Attic didrachms. 
There are very early u®ginetan didrachms of Siphnos, and smaller 
archaic coins. Some of the copper pieces are of the best period, 
and very fine. Of Tenos there are silver coins of the good time, 
but of poor work. The head of the bearded J upiter Ammon occurs 
on tetradrachma following the Attic standard, and on smaller 
pieces, that of the young Ammon, laureate as well as horned, 
which shows the reasonableness of concluding that the two repre- 
sentations are of the same divinity. 

Pontus, &c. coinage of Asia commences with that of Asia Minor. The 
first provinces are Bosporus and Colchis, the coins of the cities of 
which are few and unimportant. The coins of the cities of Pontus 
are more numerous, and although none of them are archaic or 
deserve to be characterized as fine, the style of some, both of silver 
and of copper, is not bad. The general series is of copper pieces, 
which are sometimes large and usually thick, and are of more careful 
work than those of Greece Proper. The only place meriting especial 
notice is Amisus, which alone of the cities of Pontus seems to have 
issued autonomous silver coins. These were continued under the 
emperors in the form of Greek denarii, that is, Roman denarii with 
Greek inscriptions. The common subjects of the copper money of this 
place relate to the myth of Perseus and Medusa. The series of the 
kings of Pontus and Bosporus has, as its first interesting coins, those 
of the famous Mithradates VI., king of Pontus, of whom there are 
staters and tetradrachms. The portrait on the best tetradrachms is 
extremely fine, and, as a portrait, scarcely excelled in the whole 
class of Greek coins. Even as a design it has great merits } and 
this is the more remarkable if we consider the low period at which 
it was struck. ' The treatment of the hair has been well explained 
by the supposition that the head was copied from a statue in which 
the king, who is said to have been a very skilful rider and chario- 
teer,* was represented driving; an opinion which derives some 
support from the apparent allusion by Pliny to a work or works 
of Ihe kind.® The subseq^uent coins are not interesting. They are 


of the remaining part of the kingdom of Pontus, and of all that of Greek 
Bosporus until near its close, probably not very long after the time Coins, 
of Constantine the Great. The gold and silver coins soon became v ^ 
Roman aurei and denarii in their weight. The gold degenerates 
into electrum, and the silver is supplanted, though later, by potin 
or other very base metal. These coins bear dates in the Pontic era. 

In Papblagonia we must especially notice the coins of the cities Paphlago- 
Amastris and Sinope. The silver pieces of the former place bear nia and 
a female head, in a laureate Phrygian bonnet, probably represent- Bithynia. 
ing Amastris the founder. On the late copper money the bust of 
Homer occurs. There are also copper coins of the imperial class. 

The silver pieces of Sinope are plentiful, and of fair work. There 
are copper coins of a Pylsemenes, king of Papblagonia, bnt it is 
not known to which of the sovereigns bearing that name they 
should be assigned. Bithynia is represented by a more important 
series. Of the country generally there are Roman silver medal- 
lions, of the weight of low Attic tridrachms, with Latin inscriptions, 
and imperial copper pieces with Greek inscriptions. The ordinary 
silver coins of Chalcedon strikingly resemble, on both sides, the 
early ones of Byzantium, a circumstance confirmatory of the state- 
ment that the two cities were colonized at nearly the same time 
from Megara. Of Cius, also called Prusias ad Mare, there are fine 
silver pieces : the latter name occurs on some of those in copper. 

Hadriani and Hadrianotherm issued autonomous copper coins. Of 
Heraclea there are silver coins of good work of the fine period ; 
these are .ffiginetan didrachms, and smaller pieces apparently on 
the same standard. The obverse-type is a head of Hercules, either 
bearded or beardless, in the lion’s skin ; and the most interesting 
reverse-type, a female head wearing a tiara on which are three 
turrets, is probably that of the town personified. Of the ty- 
rants of Heraclea, there are silver coins of Timotheus and Diony- 
sius ruling together, and of Dionysius reigning alone. Qf the 
imperial class, there is a large series of Nicaea, and there are many 
coins of Nicomedia. The series of Bithynia closes with the money 
of its kings, consisting of Attic tetradrachms and copper pieces. 

The tetradrachms bearing the name of Prusias are probably of 
Prusias I. and II., for there is some difference in the portraits. 

The copper coins with the same name, some of which are fine, 
cannot be otherwise classed than to both kings, since we do not 
know by which of the two they were issued. Of Nicomedes II. 
and III. there are only tetradrachms. 

The fine Greek coinage of Asia may be considered to commence Mysia, 
with Mysia. Cyzicus is in numismatics a most important city. 

Erom it the Cyzicene staters derived their name, which appears to 
have been used as a general appellation of the electrum staters of 
the west coast of Asia Minor, although those of Phocsea were dis- 
tinguished. Some of the known specimens of these coins, as well 
as of the hectas, were doubtless struck at Cyzicus ; but we have 
thought it best to group the whole class to which they belong 
together, until it is more certainly classified. The silver coinage 
of this town comprises archaic but not very old pieces, and others 
of early fine work, but of somewhat archaic style, having on 
the obverse a half-boar, behind which is a fish, and on the reverse 
a lion’s head in profile, within an incuse square. Of the best art 
there are most beautiful tetradrachms of the Phoenician or Persian 
talent. The obverse bears a head of Proserpine, with a veil on the 
back wound round her hair, and in the hair ears of corn. This is 
an example of the best Greek art, equally simple, delicate, and 
graceful. Such a union of beauty with breadth and simplicity is 
very rare, especially in the representation of female heads. Above 
the head is the inscription 3QTEIPA, which may he compared with 
ROPH SflTEIPA KTZIKHNCN on a late copper coin, accompanying 
a head which is probably that of the younger Faustina in the 
character of Proserpine. The reverse-type of the fine tetradrachms 
is a lion’s head in profile above a fish. ‘ These were followed, after 
a long space, by coins on the Attic weight ; for there is a tetra- 
drachm on that standard resembling those of the later Macedonian 
kings. Some of the autonomous copper coins are fine, but most are 
of a low period, probably having been issued just before and under 
the Roman domination. The late pieces are, however, sometimes 
of good work for their time. There are also many imperial copper 
coins. 

The money of Lampsacus must next be noticed. In gold there 
are fine staters, adjusted apparently to the standard of the darics 
rather than to that of the Attic talent ; although, from the small 
difference in weight, this is hard to determine. One is very fine, 
though not of the highest art, and remarkable for the peculiar 
style of the design of its obverse. This is the head of a bearded 
man, with long dishevelled hair, and covered with a conical cap 
bearing a wreath. It may perhaps he a head of Neptune. The 


* Strabo, lib. X., cap. 4. As, however, the city built by the Aobaeaua and LacedaBmonians is here described as strong, it is 
viUages which It supplanted really formed a straggling town without walls, 

Appian. Muhr, § 112. 8 2 ^ 1 ^^ 

zxxiii., § 54. 


possible that the 
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Greek reverse has the fore-part of a winged horse, the wing being 
Coins, curled, and the body terminating in what seems to be a kind of 
* j fin, so that the monster would appear to be a sea-horse. The old 
silver coins have on the obverse a Janus-like combination of two 
female heads. Of the good period there are some small pieces ; and 
there is also an Attic tetradrachm of late time, showing the aban- 
donment of the old standard, which was probably Phoenician. The 
autonomous copper money is not very important. Of Parium there 
arc silver coins of the early fine period, and of rather archaic style. 
Some copper pieces of good time are remarkable for bearing an 
altar in perspective, such objects being scarcely ever thus repre- 
sented until a much later period. 

The coins of the great city of Pergamus or Pergamum are chiefly 
of a late time. There are, indeed, gold and silver pieces of the 
good period, the former being very rare ; but the most numerous 
silver coins are cistophori, and therefore late. The cistophorus, 
as we have already shown, is in weight an Attic tridrachm, but 
it probably came, through the depreciation of the Phoenician tetra- 
drachms of Rhodes and other places, to be considered a tetradrachm, 
and thus the half and quarter of it were struck, although apparently 
in no great numbers. All the cistophori are of the kingdom of 
Pergamus, which afterwards became the Roman province Asia. 
The oldest were most probably issued under the kings, but the 
later are of the Roman rule, and we find on them the names of 
proconsuls or proprmtors of Asia, and of proconsuls of Cilicia, 
from the time at which Phrygia was given to that province. Thus 
the name of M. Tullius Cicero, as proconsul, occurs on a cistophorus 
of Apamea of Phrygia, and, with the title “ Imperator,” on one of 
Laodicea in the same country, the latter coin illustrating an event 
narrated by the orator.^ The obverse-type of these pieces is the 
cuta myatica^ a basket from which a serpent issues, all within a 
wreath of ivy ; and the reverse-type, two serpents, partly inter- 
twined(, and rising on either side of a bow-case, or sometimes, but 
rarely, of some other object. These proper cistophori are succeeded 
by coins of the time of the triumvirate of Mark Antony and his 
colleagues, with a Roman head or heads on the obverse, and ser- 
pents on either side of the cista, and of some other object, on the 
reverse ; and these, again, are followed by the so-called imperial 
silver medallions of Asia, which are of the weight of cistophori. 
These last have on the obverse either the head of an emperor or 
that of an empress, and on the reverse various designs, and are of 
fine work for the period. The earliest are of Augustus, and the 
latest of Domitian.^ The copper pieces of Pergamus are numerous, 
both of the autonomous and of the imperial class, the latter com- 
prising some medallions. The principal coins of the kings of Per- 
gamus are Attic tetiradrachms, with, on the obverse, a laureate 
head, believed^ to be that of the first king, Philetaerus, and on the 
reverse a seated Minerva. The portrait is often very fine, when it 
must be considered to be one of the best Greek portraits, and an 
excellent example of the work of the time. The reverse is pro- 
bably taken from that of the common tetradrachms of Lysimachus, 
from whom Philetaerus revolted. Although the inscription of the 
reverse is always ^lAETAIPOT, a monogram or letter sometimes 
points out the king by whom a particular coin was issued. Be- 
sides these tetradrachms, there are copper coins, which, however, 
are unimportant. 

The Troad, coinage of the Troad is chiefly interesting from its reference, 

* in its later pieces, to the Trojan War, and the manner in which it 
thus illustrates the Iliad. We must recollect, however, that this 
kind of evidence on very late coins cannot be safely held to be in- 
dependent, except where the type is of an indisputably religious 
character, and also that, at the Roman time, and a period somewhat 
earlier, this character is not constant. Hence we must not 
hastily conclude that the coins show that there was a local tradi- 
tion of the great contest, nor that they prove its heroes to be my- 
thical. Of Abydos there are silver coins of the early part of the 
good period, which seem to be adjusted to the Phcenician talent. 
The drachms have on the obverse an anchor, to which a craw-fish 
is about to cling; and on the reverse a head of Medusa, with the 
serpents, which are not usually represented on the coins. There 
are Attic tetradrachms of a late time, noticeable for their strange 
fabric, which gives them the appearance of cast coins, and renders 
them suspicious to those who are unaware of this peculiarity. 
Alexandria is represented by late Attic tetradrachms, having on 
the one side a head of Apollo, and on the other, Apollo advancing 
with bow and arrow, and the inscription AnOAAflNOS iMI©En2 


AAESANAPEGN, &c. There are later autonomous and imperial Greek 
coins, in copper, of the Roman colonia. Of Ilium there are like- Coins, 
wise late Attic tetradrachms of coarse work, bearing on the obverse 
the head of Minerva, and on the reverse the same goddess advanc- 
ing, holding in her right hand a spear, which rests on her shoulder, 
and in her left hand a distafi*, with the inscription A0HNA2 
lAIAAOS, &c. One of the autonomous copper pieces has on the 
obverse Hector in a combatant attitude, with his name EKTQP, 
and on the reverse the wolf and twins, showing that it is of the 
Roman period. On another copper coin -®neas is represented 
carrying Anchises, and leading Ascanius. There are also many 
imperial copper pieces of this place. Of Scepsis, which is said to 
have been the capital of a Dardanian kingdom for a long period 
between the fall of Troy and the age of Alexander, ^ there are 
archaic silver coins ; and some of its copper money is of good style. 

Sigeum was for a great length of time a dependency of Athens; 
and the common types of its silver coins are accordingly Athenian, 
although the style of art is different. The island of Tenedos is 
represented by very early coins, and others of the fine and late 
periods. The usual obverse-type of all the silver pieces is a Janus- 
like combinatiou of two heads, probably those of Jupiter and Juno ; 
and the usual reverse-type of all but the oldest is a two-headed 
axe.^ The weight seems to be always Attic. 

In .ZEolis we may notice that some of the coins of are of a ABolis. 
very early time, and that the principal type, the head and neck, 
or fore-part of a goat, is probably connected with the name. The 
town of Cyme is represented by an important series of silver coins. 

A few of these are early, but most are fine late Attic tetradrachms, 
probably first struck not very long after Alexander’s time, and per- 
haps issued for about a hundred years. On the obverse is a female 
head, perhaps that of Diana, bound with a narrow fillet : the style 
has some purity and vigour, though yet far inferior to that of the 
best Greek coins, and thus shows the vitality of art in Asia Minor. 

The reverse-type is a horse within a wreath of laurel. There are 
also examples of fair work among the copper coins. Of Myrina 
there are Attic tetradrachms like those of Cyme, and of about the 
same period. The obverse-type, which is a laureate head of Apollo, 
is in a vigorous style. The imperial coins of iBolis are not very 
numerous. 

The coinage of Lesbos is remarkable for the base material of Lesbos, 
what we may consider, as a class, to be its oldest pieces. These, 
although at first heavier, probably represent ABginetan didrachms 
and divisions, their original weight having been determined on the 
same principle as that which regulated the weight of the electrum 
coins of Asia Minor. They are doubtless of the different cities of 
the island, although it is diflicult to attribute most of them. Cer- 
tain of these early base silver coins, with, on the obverse, two boars’ 
heads facing one another, and on the reverse an irregular incuse 
square, must be classed to Antissa, as Hr Burgon has determined, 
since one bears the letters AN in monogram. To Methymna may 
perhaps be assigned a coin of the kind just noticed, but there is 
also a silver one of very archaic style, which is, if not anterior to it, 
at least of the same time. Of a later period there are fine coins of 
this town. Among the copper pieces we must not pass by one 
already mentioned, on which Arion and the dolphin are repre- 
sented. The weight of the pure silver coins of Methymna seems to 
be always Attic, Mytilene appears to have struck electrum coins, 
for hectm are assigned to it, one of which hears the letters A£. 

It must be remembered that this was the chief town of the island, 
and, as Col. Leake supposes, Homer’s Aiff^ov ivzrtfji,iy9iv. There are 
early base coins of this place, and silver of the fine period. The 
standard seems to be ABginetan. The copper pieces are numerous, 
and the earliest are of fair style. The very late are interesting, as 
bearing the names and portraits of benefactors. Mytilene is thus 
shown to have honoured such persons as heroes or heroines ; and 
one, Theophanes, the friend of Pompey, from whom he obtained 
for this city, his native place, the privileges of a free state, is in- 
deed even called a god ; while Archedamis, probably his wife, is 
styled a goddess. The imperial coins of Mytilene may also be 
mentioned : they comprise medallions. There are beautiful copper 
pieces of Pyrrha ,of the good period. 

The electrum coins of Asia Minor may be best placed between Electrum 
.ffiolis and Ionia, in the opinion of Mr Burgon, since this position is coins of 
about the centre of their geographical range. They form a niost^gia 
interesting class, whether we consider the antiquity of the earliest, Minor, 
or the admirable style of the designs of a great proportion, or their 


^ Having conquered the barbarians at Issus, Cicero received this title : “ Ita viotoriH. justfi Imperator appeUatus apud Issum,” &c. (Epiat. 
Fam, ii, 10.) „ _ 

® See, on the whole subject of the cistophori and imperial medallions, an excellent paper by M, Binder, “ "^er die Oistophoren und fiber die 
Kaiserlichen Silbermedaillons der Romischen Provinz Asia, von M. Under” (Kbngl, Acad, der WmcnscA), Berlin, 1856. 

* Strabo, lib. xiii., chap. i. 

* Aristotle (ap. Steph, Byz, voc, gives a puerile explanation of these types, which Colonel Leake (IViow, JSTeZ., *' Insular Greece,” p. 4^ 
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general importance in reference to Greek mythology. As to their 
art, it may he truly said that it is impossible to form a fair opinion 
of the artistic excellence of the coins of the west of Asia Minor with- 
out a knowledge of these, which make up the majority of the most 
carefully-executed specimens struck during the best period.^ The 
earliest electrum coins have the appearance of a greater antiquity 
than any in the whole Greek series ; and thus explain the remark of 
Herodotus, that the Lydians, as far as he knew (for he does not 
here omit his characteristic cautious mode of expression), were the 
first who struck money. Although perhaps the first coins may 
have been struck in -®gina, and others soon afterwards elsewhere 
in Greece, and this useful invention speedily adopted in Asia, it 
seems more prooable that it was of Asiatic origin ; and it should 
be remembered that the part of Asia to which the electrum class 
belongs was at this early period subject to the Lydian kings. ^ The 
oldest pieces are staters and smaller coins, with rude and seemingly 
unmeaning incuse stamps on the obverse, and on the reverse a mere 
mark of the rough surface of the anvil. These are followed by 
coins with a rude design on the obverse, and irregular incuse 
stamps in a square on the reverse. After a time the art of the 
designs on the obverse improves, and the reverse is occupied by a 
quadripartite incuse square, of which each of the divisions is in a 
different plane. There are many staters and hectae of this class, 
which we may call the later archaic, to distinguish it from the 
older class which precedes it. To the same group must be assigned 
some hectae struck towards the close of its period, which are re- 
markable for having a second and incuse design on the reverse, 
differing from that on the obverse. The electrum coins of the best 
period commence with such as are slightly archaic. These have 
the quadripartite incuse reverse, which is, as far as we know, the in- 
variable reverse of the staters of this whole period. These staters are 
of pure and excellent style in their designs. The hectae are unex- 
celled for breadth and purity of style, combined with the greatest 
beauty and refinement. They present a most interesting series of 
heads of Greek divinities. The latest show a slight decline in their 
style. 

In Ionia we must first notice the town of Olazomenm, the earlier 
silver pieces of which bear the fore-part of a winged boar. Among 
the coins issued at a later time, we must notice three examples which 
worthily support the character we have given the artists of Asiatic 
Greece. These are, a gold coin of the weight of the third of an 
Attic tetradrachm, and two silver Attic tetradrachms. The obverse- 
type of all is a head of Apollo facing, and the reverse-type a swan. 
The age is about the middle or latter part of the fifth century b.c.; 
and the head is in the very best Greek style, the swan being not so 
finely executed. The former is slightly better on the gold coin, 
where it has a simple grandeur and beauty that gives it a place 
among the first monuments of Greek art. On the two tetradrachms 
the head is hut" little inferior ; and it is noticeable that the artist, 
proud of his work, has inscribed on both (for they are by the same 
hand, though from different dies) “Theodotus made this ” (GEOAO- 
T02 EnoEI). There is a tetradrachm, doubtless later, on which the 
head of Apollo shows an ornate and mannered style. Some of the 
copper coins are of the good time, and well executed. 

. Passing Colophon, of which there are archaic coins and others of 
the fine period, we reach Ephesus. The early silver pieces of this 
town, which are not of a very remote period, have on the one side 
a bee, and on the other usually an incuse square, rudely divided 
into four parts. The most important of the older coins of the fine 
period are tetradrachms of the Phoenician talent, bearing on the 
obverse a bee, and on the reverse a date-palm and the forepart of 
a stag. The principal later coins of the same period are dldrachms 
pf a lower weight, and in time a little before the expedition of 
Alexander. They hear on the one side the bust of Diana, in a 
beautiful style, but not the finest; and on the other the fore-part 
pf a stag. Of a still lower time there are many cistophori. Some 
of the autonomous copper pieces display a good style of art. There 
is a large imperial series, including some coins of silver. Of the 
latter metal certain are of especial interest, since they bear, 
although they are evidently of Roman weight, inscriptions stating 
them to be drachms and didrachms. These are followed by Roman 
denarii of fine work, with Latin inscriptions. The imperial 
copper money also presents specimens of good art for the period. 
There are coins in both silver and copper of Ephesus with the name 
of Arsinoe, which the city took from the wife of Lysimachus, and 
bore only during his life. They have the portrait of Arsinoe, 
which may be compared with that on her Egyptian coins as wife of 
Ptolemy Philadelphus.^ The money of Brythras bears types con- 
nected with Hercules. Some of its silver coins, on the Phoenician 
^a^ndard, are of good style; and the autonomous copper pieces are no- 
ticeable for the great number of magistrates’ names which they bear, 
indicating the long period during which they were issued. On 
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the coins of Magnesia are subjects connected with the River 
Masander. Thus the earlier silver pieces, which have on the 
obverse an armed horseman galloping, bear on the reverse a 
humped bull butting, within a circular meander, or upon a straight 
device of the same kind ; so thpt there seems to be a double symbolic 
representation of the river. There is also a fine spread Attic 
tetradrachm, of late time, but of fair work, like those of Cyme ; 
and having on the obverse the bust of Diana, and on the reverse 
Apollo standing on a meander. Of Miletus there are a few archaic 
silver coins on the Attic standard, with, on the one side, a lion’s head 
and fore-leg, and on the other a conventional star in an incase 
square. The later pieces, which appear mainly to follow the Phoe- 
nician standard, are of good and sometimes excellent work. Their 
obverse-type is a head of Apollo, and their reverse-type a lion 
looking back at a star. The silver coins of Phocsea are very early, 
and have on their obverse a seal, reminding us of the derivation of 
the name of the place. The copper coins are much later, and some 
of them are in a good style. ISfo early silver coins of Smyrna 
are known, the pieces in this metal being late Attic tetradrachms, 
with, on the obverse, a female turreted head, probably that of 
Cybele, and on the reverse a lion or a monogram, within a wreath 
of oak. In copper there is a large series, both of the autonomous 
and of the imperial class. Some coins of the former kind are of 
fair work. Certain of them have on the obverse a figure of Homer 
seated ; and it was doubtless copper money of Smyrna of this sort 
which Strabo mentions as bearing the name Other auto- 

nomous copper coins bear on the obverse the head of Mithradates 
VL, and were doubtless struck when he held the place. The impe- 
rial class comprises fine pieces, with portraits of great beauty and 
merit, and otherwise of good work. Historically the most in- 
teresting are those which bear the name of a Vespasi anus Junior 
(n^reg 0 ;), supposed to be a prince of the Flavian family not other- 
wise known to us. Of Teos there are archaic AEginetan di- 
drachms, bearing on the one side a seated gryphon with curled 
wings, and on the other a quadripartite incuse square. There 
are later coins of the earliest good work, and others of subsequent 
times. 

Chios and Samos, islands of Ionia, are represented by interesting Chios and 
coins. Of the former there are archaic silver pieces, but the Samos, 
greater number of its coins are of the early fine period. The 
obverse-type is a seated sphinx with curled wing, and an amphora 
upon a slightly-raised surface like a shield ; and the reverse hears 
an irregular incuse square of four divisions. The weight is Phoeni- 
cian. There are later coins in silver, and many autonomous and 
imperial copper pieces. Some autonomous copper pieces of the Ro- 
man period have the value inscribed, thus ACCAPION HMTST, [sic,] 

ACCAPIA ATO, ACCAPIA TPIA, and alsoOBOAOc, the latter being pro- 
perly the name of a Greek silver coin. The coins of Samos are on the 
Phoenician standard. There are numerous tetradrachms, some early, 
and many of the good period. Their common obverse-type is a 
lion’s scalp ; and the early coins have on the reverse the head and 
neck of a bull, the later, the fore-part. Some of the smaller silver 
pieces are supposed from their types to have been issued at a time 
when Samos and Clazomense were in alliance. 


The autonomous civic coinage of Caria is generally poor in art, Caria. 
and even inclining to barbarism. Of the imperial class there are 
coins of many cities, but no one very large series. The autono- 
mous money of Cnidus, of which the silver follows the Phcenician 
system, deserves especial mention. The early coins have on the 
obverse the head and fore-leg of a lion, and on the reverse the head 
of Venus. The same types continue, but during the time of good 
art they change places. There are other silver coins of Cnidus, with, 
on the one side, a Rhodian type, the head of Apollo facing, and on the 
other the Cnidlan head and fore-leg of the lion. These indicate a 
Rhodian alliance or domination. The money of Halicarnassus in- 
cludes some silver pieces of the good period. Of lasus there are 
silver coins of good but not the best style, having on the obverse 
the head of Apollo, and on the reverse a youth swimming beside a 
dolphin which he holds — a type reminding one of the well-known 
didrachms of Tarentum. Of Myndus there are silver pieces, with, 
on the obverse, the head of Jupiter, and on the reverse an Egyptian 
divinity’s plumed head-dress. The coins of Nyaa, of Stratonicea, and 
of TripoUs may also be mentioned. The money of the kings of Caria 
is worthy of note. The weight is Phcenician. There are tetra- 
drachms, didrachms, and drachms, having for their obverse-type a 
fine head of Apollo, laureate, facing ; and for the reverse-type a 
standing figure of the Carian Jupiter bolding a two-headed axe 
and sceptre. These pieces are of Mausolus or Maussolus, of Idrieus 
or Hidrieus, and of Pixodarus. 

First of the islands of Caria, Calymna should be noticed. The Oalymna 
early silver coin6 are extremely barbarous, but the later are in a (jQg, 
good style. The obverse hears a helmeted male head, in the earlier 


* See a paper by Mr Bonfell of Smyrna (iVww. Chron*y vol. ii,, p. 171, et seq,) 
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Greek pieces bearded, and in the later, beardless i and the reverse, a lyre. 
Coins. Cos affords an important series. The standard of the silver pieces 
appears to be Phoenician, but if so, the weight of the earliest is 
very heavy. The oldest tetradrachms have remarkable types : 

Cos. that of the obverse represents a naked male figure dancing and 

beating a tambourine before the tripod of Apollo, and the reverse 
is occupied by an irregular incuse square, divided diagonally, and 
having a crab in the centre. The obverse-type is in a very fine 
late archaic style. Among the later coins we must notice, as the 
most beautiful, although not severe in its treatment, one with, on 
the obverse, a head of Hercules bearded, and on the reverse a head 
of Ceres veiled. There are also small pieces of a subsequent time, 
which bear on the one side a head of JSsculapius, resembling that 
of Jupiter, and on the other a serpent. Many copper coins also 
bear types relating to this divinity. The imperial money is in- 
significant. 

Rhodes. The island of Rhodes takes an important place in numismatics. 

In Homer’s time, three cities, Lindus, lalysus, and Camirus, di- 
vided its territories between them. After having existed several 
centuries, these cities united to found Rhodes, and ceased to possess 
separate laws. Strabo places this event in the course of the Pelo- 
ponnesian War Tat Hikoxofvtia-toixd), and gives another indica- 
tion of its date when he says that the architect employed was Hip- 
podamus of Miletus, who huilt the Pirsseus of Athens, for the latter 
work was executed about b,c. 475. It may therefore be supposed 
that Rhodes was founded not very long, perhaps as much as twenty 
years, before the Peloponnesian War, which began b.c. 431, These 
particulars entirely agree with the numismatic evidence. The 
coins of the three cities, if we include those attributed to Astyra, are 
generally of archaic fabric, and in no case late; while those of Rhodes 
do not in style reach earlier than the middle of the fifth century 
B.c, The coins of Camirus and those of lalysus, the latter seem- 
ing always to commemorate alliances, are worthy of careful study. 
Of Rhodes there are gold staters of Attic weight, and smaller 
pieces, all of a low period. The silver coins form a large series. 
The pieces struck before Alexander’s expedition may he considered 
as generally of the good period, although some of them are archaic; 
and those issued after his reign may be assigned to the time of 
decline. During that reign bis regular coinage was struck at this 
city. The obverse bears a head of Apollo, facing in the large 
coins, and usually in profile in the small. The earlier are chiefiy 
to be distinguished by the facing head of Apollo being hare, and 
the later, by its being radiate. On the reverse is a rose, almost 
always represented in a side view, hut sometimes as seen from 
above. After a very careful examination of many examples, we 
are firmly convinced that this is nothing but a single rose. It has 
been suggested that it is a pomegranate flower ((ictkctua-Ttoy ) ; but 
the coins seem to us absolutely to overthrow this theory, although 
supported by the opinion of Colonel Leake, No doubt there is a 
certain degree of conventional treatment in the representation, but 
not enough to render its meaning in any degree doubtful. Some 
of these coins are fine, although most of them show, in the head, a 
degree of harshness. The weight is Phoenician, and becomes very 
low. The autonomous copper coins are similar to the silver; a 
few are fine, and some are very large. Those of the imperial class 
are unimportant. 

lycia. Entering Lycia, we are in a more Asiatic region than any through 

which we have passed. The earlier coins have a peculiarly local 
character in most instances, and are no doubt of the Persian do- 
mination. It seems probable that their issue ceased somewhat before 
Alexander’s expedition, for we can scarcely bring the latest quite 
as low as that event. There can he no question that, here as else- 
where, a Greek coinage was then introduced, first struck by Alex- 
ander, and afterwards by the cities. The earlier coins are principally 
of silver, but copper pieces occur. Some of the former have a very 
archaic aspect ; and the style of all would he called archaic else- 
where, but here the eastern character of the devices must be taken 
into account. The types present a union of Greek and oriental de- 
signs, the most common of which is one probably of the latter class — 
the so-called triquetra, an object resembling a ring to which three 
hooks are attached. A man-headed hull with curled wings is also 
to be noticed. The inscriptions are in Lycian characters, except in 
the case of the early pieces of Phaselis, which have Greek letters. 
The coins with Lycian inscriptions have not been satisfactorily at- 
tributed. The standard is probably Phoenician, but this cannot he 
regarded as certain. Sir Charles Fellows has published a list of 
all the specimens of this class known to him, with engravings of 
the greater number.^ The later coins, or such as were struck after 
Alexander’s time, are of inferior interest to those which we have 
just noticed. The common types are, for the obverse the head of 
Apollo, frequently in rather an androgynous character, and for 


the reverse, a lyre in a shallow incuse square. These occur ou Greek 
small silver coins of the cities Cragus, Limyra, Massicytes, Patara, Coins, 
and Phaselis, the earlier coins of the last of which we have already 
noticed. The imperial pieces of Lycia, in silver and copper, form 
a very small class. 

The older of the autonomous coins of Pamphylia show oriental Pamphy- 
influence, although this is principally displayed in the weights and lia, 
inscriptions. The imperial money consists of copper pieces, which 
are not of great importance. Of Aspendus there is a large series 
of silver coins. They appear, from their weight, to be double 
silver darics, equal to two-thirds of the Phoenician tetradrachm. 

The inscription is in a Pamphylian form, and written in Greek 
characters. The common coins are generally of the early part 
of the fine period; they have on the obverse two wrestlers en- 
gaged, and on the reverse a slinger discharging a stone, with, in 
the field, a triquetra formed of three legs, like that represented 
on coins of Syracuse. The autonomous series of Perga is not im- 
portant. Of Side there are archaic pieces of the weight of double 
silver darics. Their obverse-type is a pomegranate fruit 
above or upon a fish. Of a subsequent period are early fine silver 
coins of the same denomination as the older ones, although lighter. 

Their obverse-type is Minerva holding an owl or a little Victory, 
with a pomegranate in the field ; and their re verse- type, a male 
figure sacrificing. They bear an inscription in Sidetan, letters, 
which differ from those on the coins of Aspendus — some being 
apparently Phoenician, while others are Greek. After these coins 
are Attic tetradrachms, bearing on the one side the head of Minerva, 
and on the other a Victory, with a pomegranate in the field. They 
are very similar to the tetradrachms of Amyntas, King of Galatia. 

In Pisidia the only important autonomous series is that of Selge. Pisidia, &c. 
The principal coins are pieces of the weight of double silver darics. 

Their types are essentially the same as those of the silver coins of 
Aspendus, already noticed. On the one side are two wrestlers, and 
on the other a slinger, who here appears to be Hercules, with a 
triquetra in the field. The inscription is Greek. The autonomous 
copper money of Termessus must also be noticed. The imperial coins 
of Pisidia are not very numerous. Of the cities of Isauria there 
are only a very few imperial copper coins ; and in Lycaonia there 
are some autonomous pieces of Iconium, and a very scanty imperial 
series of that and other places. Cilicia has a higher numismatic Cilicia, 
interest. The autonomous coins display Persian influence, even if 
we exclude, as of the oriental class, the money of the satraps. The 
weight is evidently on the Phoenician standard, and the principal 
denomination is generally what we may term the doable silver 
daric. The imperial coins are not very important. Of Celenderis 
there are archaic and early fine pieces, of the weight of double 
silver darics. The older are not of a remote time, and some of 
them are remarkable for the excellence of their style and execu- 
tion. The obverse-type is a naked horseman seated sideways, and 
the reverse-type is a goat crouching forwards. The coins of the 
good period present no great differences. Of MaUus there are silver 
coins, which are either partly or wholly Persian in their types. 

These are of the same denomination as the pieces of Celenderis 
just noticed. So also are the silver coins of Nagidus, which are of 
fine or fair style, as well as those of Soli, some of which are very 
early, but others of the period of good art. The autonomous silver 
coins of Tarsus bear witness to its ancient wealth. The earlier are 
on the Phoenician standard, and the chief piece is of the weight of 
a double silver daric ; and the later follow the Attic standard, and 
the principal denomination is a tetradrachm. The former are of 
the Persian period, and the latter of that of the Seleucid®. The 
inscriptions of these silver coins are Phoenician, and their types 
have an oriental character. The Phoenician coins having the 
weight of double darics have on the obverse Baal of Tarsus seated, 
and on the reverse a lion seizing a stag; and the Attic tetra- 
drachms have the same ohverse-type, and the reverse-type of a lion 
walking. Among the devices of the copper coins is the so-called 
monument or, incorrectly, tomb of Sardanapalus. The imperial 
coins include some base silver or potin pieces. The cojns of satraps 
struck at Tarsus should he referred to the Persian»seriea, It may 
he noticed that there are copper coins of Tarcondimotus and Philo- 
pator, kings of Cilicia. 

The coins of Cyprus form a small bn.t remarkable series. They Cyprus, 
do not commence at a very early period, for one of the oldest is 
struck upon a silver coin of Aspendus, with the types of the 
wrestlers and slinger. The usual metal is silver. The types fre- 
quently refer to the worship of Venus. The inscriptions are in 
Cyprian characters ; hut the pieces of one place, if the attribution 
be right, bear Greek letters, and there is an instance of Phoenician 
letters on the same coin .with Cyprian ones. The art is chiefly' 
remarkable for its oriental character, which gives the coins an 


* Goins of Ancient Lycia lefore the Heiyn of Alemnder) with an Essay on the relative Lates of the Lycian Monuments m the British Museum, by Sir 
Charles Fellows, 1855. 

VOL. XVI. ^ ^ 



STS 


NUMISMATICS. 


Greek 

Coias- 


Lydia. 


Phxygia. 


archaic appearance that more satisfactory evidence does not corro- 
borate* The denominations appear to he Phoenician, and there is 
no doubt that the heaviest is of the weight of two silver darics. 
Pieces having on. the obverse a ram lying down, and a reverse, 
either perfectly plain, or else bearing a ram’s head or a kind of 
crux ctnsata, are assigned by the Due de Luynes to Amathus, vidth 
two exceptions. The coins with the Greek inscription MAP, before 
alluded to, he attributes to Marium. To Salamis he classes coins 
of which two types are worthy of note. One of these represents a 
female seated on or carried by a bull, and the other a figure, ap- 
parently also that of a female, carried by a ram. The former type 
connects the myth of Europa with the worship of the Cyprian 
Venus and Astarte ; and the latter connects these again with the 
story of Helle, and the recumbent ram on the Cyprian coins with 
the famous one which bore the Golden Fleece. There are a few 
copper coins of this class* The Due de Luynes has published an 
excellent essay on these coins of Cyprus.^ A few pieces are known 
of the kings of Cyprus. Of the Greek imperial class there are 
base silver and copper pieces of the island generally, on which 
occurs, in both metals, a remarkable reverse-type representing the 
famous temple of Venus at Paphos* 

The coinage of Lydia is chiefly of copper pieces, the majority of 
which are either actually imperial or struck during the imperial 
period. The autonomous copper coins of Blaundus may he men- 
tioned, as well as those of Magnesia ad Sipylum. One of the 
latter place is of the highest interest, from its hearing a fine 
portrait of Cicero, which is no doubt nearly or quite contem- 
porary. It is of good work, resembling in that respect the 
Koman money of the earlier emperors. The autonomous cop- 
per coins of Philadelphia must also be noticed. Of Sardis 
there are cistophori, as well as many copper pieces. Some 
of the latter, of the imperial class, display good work. There 
are copper coins of Thyatira, both autonomous and imperial, some 
of the latter being of fine work for the period to which they belong. 
Tralles is represented by cistophori and by copper coins. There 
are some uncertain Lydian coins, which were probably struck at Sar^ 
dis by a Lydian king, perhaps Croesus, They are of both gold and 
silver, and hear on the obverse the fore-part of a lion facing the 
fore-part of ahull, as if attacking it, while the reverse is occupied 
by an incuse square rudely divided into two parts- The gold coins 
•weigh the same as the darics, and the principal silver ones, like 
the so-called, silver darics, one-third less. The type is mani- 
festly of an oriental, if not a Persian character, being only another 
form of the common one of a lion seizing a bull. It would be 
hasty, however, to conclude that the coins are of the time following 
the overthrow of Croesus by Cyrus. 

The coinage of Phrygia is chiefly of the Koman period, and its 
imperial pieces are numerous and interesting. Of Apamea Cibotus, 
more anciently Oelaense, there are cistophori and autonomous copper 
coins, some of which are of a fair style for the late time at which 
they were struck. The imperial series contains the remarkable 
pieces which have been supposed to bear a representation of the 
ark of Koah. These are of Septimius -Severua, Macrinus, and 
Philip Senior, and have on the reverse an ark in the shape of a boat 
or chest, with two persons either within or near it, and upon it the 
letters KGE or NG. It is not reasonable to suppose, as has been 
frequently done, that these coins directly refer to the Hoachian 
Deluge. ^ It does not seem possible that any Jewish or Christian 
coinmuhity would have been able, at the time when these pieces 
were struck, to fix types of the public money of a pagan tow^ and 
it is by no means likely that any local tradition would have pre- 
served the actual name of Hoah. The letters which appear at first 
to be that name may, however, be part of the name of the people 
AHAMEGN, or they may have been added by tooling in modern 
times, but as to this we cannot speak positively, not having seen 
any of the specimens. In either case the designs would do no more 
than refer to the story of Deucalion, and so indirectly to the De- 
luge of IToah. The appellation xt^atos given to the town implies some 
connection with an arkj and it is very probable that the tradition 
of a great flood would be stronger in Phrygia than in Greece Proper, 
from the former country being much nearer the site where the ark 
must have rested than the latter. There is another coin of Apamea 
with a remarkable reverse, which we have already described in an 
^rlier place,^ It is one of Septimius Severus, with the type of 
Minerva playing on the double pipe. Other pieces also have designs 
relating to the myth of Marsyas, as one of Hadrian, on which he is 
repres^ted playing on the double pipe. Of Ciby ra there are silver 
wms of abase style, and copper pieces; andof Hierapolis, copper 
coins, including some of a fine late style. Laodicea is represented 
dy cito^i and autonomous copper coins, of which last some 
are of fair style, as one with the bust of Mjjv or Lunus upon a 
crescent, wearing a Phrygian bonnet wreathed with laurel. Some 


^ « Immptiam Oypriota, par H. de Luynes, 4to, Paris, 1852. 


of the early imperial pieces bear fine portraits. On the copper Greek 
coins of Prymnessus the bust of Midas is represented wearing a 
Phrygian bonnet. *, 

The autonomous coinage of the cities of Galatia is very unim- ^ 
portant, and the imperial series is not extensive. There are coins ^^-ietiaand 
of several kings, of whom the principal one is an Amyntas, believed ^^-Ppado- 
to be the contemporary of Strabo. The gold money attributed to 
him is of doubtful authenticity. His silver pieces are light Attic 
tetradrachms, greatly resembling those of Side. There are imperial 
copper coins of Galatia generally. — The autonomous civic coinage 
of Cappadocia is very scanty ; but of the imperial class there is 
one long and interesting series — that of Cmsarea. It comprises 
silver coins of somewhat base metal. These are of several denomi- 
nations, of which the basis seems to be a Greek denarius, than 
which there is a lighter piece as well as heavier ones. They were 
struck for about 200 years, terminating after the reign of Geta. 

Among the reverse-types must be noticed a Bactrian camel, and 
the sacred mountain Argaeus. The latter subject is frequent on 
copper as well as silver coins ; and on the former the mountain is 
sometimes represented as if upon an altar, The money of the 
kings of Cappadocia is also worthy of note. It consists of silver 
pieces, which appear to be Attic drachms, and were struck during a 
period extending from about the last quarter of the third century 
B.C, to the time when Cappadocia was made a Koman province. 

The coins bear portraits which are sometimes well executed. 

There are a few copper pieces of the ancient kingdom of Armenia. 

The coinage of Syria commences with the series of the Seleu- Syriou 
cidm, which, for the excellence of its portraits, may, as a whole, take 
the j^st place in the class of Greek regal money. It comprises a 
few gold pieces ; its silver coins, which are chiefly tetradrachms, 
are abundant, and there are many copper coins. The reverse-types 
present no great variety, and are usually of little interest. The 
weight of both gold and silver coins is Attic, excepting those in the 
latter metal issued by the Phoenician mints, which, save the earliest 
pieces of Sidon, which are on the Attic weight, follow the standard 
of the Ptolemaic coins. Of Seleucus I, there are gold staters. 

Most of his tetradrachms have the same types as those of Alexander 
the Great, with sometimes this deviation, that the J upiter on the 
reverse holds a Victory instead of an eagle. Some, however, have 
on the obverse a head, doubtless that of Seleucus, in a close helmet, 
mainly formed of the skin of a hull’s head, with the horn and ear. 

Other tetradrachms have on the reverse Minerva fighting in a 
quadriga of elephants, with, in the field, an anchor, the symbol of 
Seleucus. It is remarkable that, under the next sovereign, An- 
tiochus I., tetradrachms were still struck bearing Alexander’s 
types, but with, in the only example we have seen, the same varia- 
tion of the reverse-type as in some of the similar coins of Seleucus 

I. The ordinary tetradrachms bear the king’s portrait and Apollo 
seated on a cortina, a common reverse-type of the earlier Seleu- 
cidse. The tetradrachms of Antiochus IL, Seleucus II., Antiochus 
Hierax, and Seleucus III., are only interesting for their portraits. 

Antiochus III., or the Great, struck gold money, for there is an 
octodrachm, of course on the Attic standard, among his coins. The 
portrait on the tetradrachms varies according to his age ; sometimes 
it is fine. The tetradrachms of Seleucus IV. need not be noticed, 
except as having portraits. Those of Antiochus IV. have two types 
of obverse, both of which are fine heads : one of these is undoubtedly 
that of this king; the other, which is bearded, may be that of 
Jupiter, although it has a resemblance to the portrait. The tetra- 
drachms of Antiochus V. and Demetrius I. have portraits. Of 
Alexander I. there are not only Attic tetradrachms, but also Ptole- 
maic of Tyre and Berytus, having an eagle on lie reverse, the 
characteristic of the class, plainly showing its Egyptian origin. A 
tetradrachm of Sidon has Attic weight and a Syrian reverse-type. 

The portrait on one of Tyre is fine. On the earlier tetradrachms of 
Demetrius II. the king’s head is beardless, but on the later, bearded. 

One of them bears the design which has been supposed to repre- 
sent the monument of Sardanapalus. Of this Demetrius there are 
also Ptolemaic tetradrachms of Tyre and Sidon. The portrait of 
Antiochus VL on his tetradrachms is very fine. That of Tryphon, 
upon an extremely rare coin of the same denomination, is remark- 
able for its strange helmet, having the horn of an ibex projecting 
in front. The tetradrachms of Antiochus VII. and of Alexander 

II. have portraits ; and those of Cleopatra with Antiochus VIII., 
bear heads of the queen and king, one behind the other. Seleucus 
V. is* represented by copper coins; there are tetradrachms with 
portraits of Antiochus VIII. alone, Antiochus IX., Seleucus VI., 

Antiochus X., Antiochus XI., Philip, Demetrius HI., and copper 
coins of Antiochus XII* The tetradrachms of Tigranes have the 
bust of the king wearing a strange oriental head dress. The series 
closes with copper pieces of Antiochus XIIL 

In Gommagene we may notice the autonomous and imperial cop- 
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per coins of Samosata, and the pieces of Zeugma of the latter class. 
There is also copper money of the kings of Commagene. In Oyr- 
’ rhestica there are unimportant autonomous copper coins, and not 
very numerous imperial pieces in the same metal. Those of Bercea, 
Gyrrhus, and Hierapolis, of the latter class, may he mentioned. 
There are a few autonomous copper coins of Chalcidene, but Palmy- 
rene is not represented. Copper pieces are indeed known, purport- 
ing to be of the famous Zenobia, struck at Alexandria of Egypt ; 
but those we have examined are doubtful or false. In Seleucis and 


and Pieria the series of the great city of Antioch on the Orontes must 


&c. 


Phcenicia. 


be first noticed. There are autonomous copper coins, but those of 
the imperial class are far more numerous and important. They 
form a very large series, extending through nearly the whole 
period of Graaco-Roman coinage. The types are not of much 
interest, and are very few in number j while the art of the coins is 
generally rude, although some of the silver pieces are in a fair 
style. The series has, however, a historical value, in showing us 
what emperors here struck money, and therefore ruled in Syria. 
The silver coins are of base metal, which becomes potin, and even at 
last copper washed with silver. In weight they are very low Attic 
tetradrachms, each being equivalent to four denarii of the early 
empire. They do not lose weight by degrees, but the quantity of 
pure metal constantly decreases. They commence under Augustus, 
and last as late as the time of Volusian. The Era according to 
which the earlier are dated is the Caesarian, except during the 
reign of Augustus, and part of that of Tiberius, when the Actian 
was used. After Nero the tetradrachms bear no such date, the 
emperor’s tribunitian year taking its place. The obverse bears the 
head or bust of an emperor or empress, and the reverse, the city 
seated, or an eagle upon a thunderbolt or club. The eagle, with 
sometimes a symbol or letter between its legs, becomes at a late period 
the constant reverse-type. There are copper coins having Greek in- 
scriptions, and others contemporary with them having Latin in- 
scriptions, although after a time the two kinds merge into one, with 
Greek inscriptions, except that the Roman S. 0. in Latin letters is 
added. It is to he remarked, that on some pieces of the last class the 
city is called a colonia, having been constituted one by Caracalla. 
The autonomous copper coins of Apamea may be noticed, as bear- 
ing an elephant for a reverse-type. Of Laodicea we must mention 
late tetradrachms, doubtless of the Roman period, and of the same 
standard as those of Antioch : their obverse-type is a turreted and 
veiled female bust, personifying ihie city,‘ There are also autono- 
mous and imperial copper coins. Seleucia ’is represented by late 
autonomous tetradrachms of the same kind as those of Laodicea, 
and with the same type on the obverse, as well as by copper coins. - 
In Gceleeyna there are some copper com» of Dsunascus, both autono- 
mous and imperial, and others in the same metal of a king Aretas. 
It is not certain to which, if any, of the sovereigns bearing his 
name, mentioned in history, this Aretas corresponds. In Tracho- 
nitis there are only a few imperial copper coins of Caesarea 
Panias ; and in Decapolis there is a small number of pieces, of the 
same class and metal, of some of the cities. 

The money of Phoenicia is more interesting than, that of the 
countries last mentioned. Here the autonomous coinage again be- 
comes important, and affords us some indications of ‘the ancient 
power and wealth of the great commercial people from whom the 
region takes its name. The earliest coins, however, are classed 
with those of Persia, and were no doubt mostly struck under Per- 
sian rule 5 while such as were probably issued independently are 
saffioiently oriental in character to belong rather to that kind 
than to the Greek. Of Berytus there are copper coins -both au- 
tonomous and imperial'; those of the latter sort are numerous, 
and struck by the city as a colonia. Of the imperial coppfer coins 
of By bins, one of Macrinus may be noticed, as bearing for 'its re- 
verse-type -the representation in perspective of a temple of curious 
'construction, one of the many illustrations of architecture which 
this class affords. The silver pieces of Sidon are tetradrachms and 
didrachms- of the Ptolemaic talent. The obverse bears the bnst of 
the city, personified as a female veiled and turreted ; and the re- 
verse the eagle of the Ptolemies. The earlier of the coins are of 
good work on the obverse, although not of a high style. The 


autonomous copper coins have interesting types, among which we Greek 
may notice Europa carried by the bull ; a device mentioned by Coins. 
Lucian as borne on the money of this place. Some of the coins of v ^ 
this class have Phoenician as well as Greek inscriptions. The ^ 
imperial copper does not form a long series : it first bears Greek 
inscriptions, but afterwards Latin as a colonia. The coins are 
dated by two eras, the first supposed to be that of the'Seleuoidae, 
the second that of the autonomy of the town. The autonomous and 
imperial coins of Tripolis must be mentioned. Next in order stands 
the series of Tyre. This comprises many silver autonomous coins, 
the principal pieces being tetradrachms of the Ptolemaic talent. 

The obverse-type is a laureate and beardless head, seemingly of 
Hercules ; and the reverse-type a Ptolemaic eagle, behind which is 
a palm -branch. The head may perhaps be assimilated to the por- 
trait of a Ptolemy. None of the pieces are fine, but a few have 
some merit. There are also autonomous copper coins, as well as 
imperial pieces of the Roman colonia. The dates are in two 
eras, as at Sidon, supposed to be that of the Seleucidse, and that 
of the autonomy of Tyre. There can be no doubt that some 
of the early so-called Persian coins must have been struck at 
Tyre. These may be distinguished by future investigations. . The 
insular city of Aradus is represented by an interesting series. This 
probably commences with Phoenician pieces issued under the Per- 
sian rule, but such have not been positively attributed. The most 
important Greek coins are tetradrachms, having for their^ obverse- 
type the turreted and veiled bust of the city personified, but of 
Phoenician weight, unlike the similar coins of Syrian cities. ' They 
are of poor work, and bear dates in the Era of the Seleucidse. 

Braehms, which appear from their style to be somewhat earlier, 
have on the obverse a bee, and on the reverse a stag, behind which 
is a palm-tree — types of Ephesus. These must he of the Attic 
standard, somewhat depreciated, unless they are of a very heavy 
Phoenician weight. There are copper coins of Phoenicia, hav- 
ing Phoenician letters only, and at least generally subsequent 
in time to the Persian domination. These require careful study 
in order to their satisfactory classification to the cities which issued 
them. 

In Galilee there a few imperial copper pieces of Ptolemais, Judaea, &c. 
Sepphoris, and Tiberias; and in Samaria, some of Csesarea, and- a 
greater number of Neapedis. In Judaea there are no antonomous 
coins of Jerusalem,* although the pieces supposed to have been 
issued by Simon the Maccabee were no doubt there struck. There 
are, indeed, some imperial copper coins of tha colonia jElia 
Capitolina, founded on the ruins of Jerusalem by Hadrian.* It 
may also be mentioned that there are a few- copper pieces, both 
autonomous and imperial, of Ascalon and Gaza. By f&v the most 
interesting coins are, however,* those with Hebrew inscriptions, 
which are usually assigned, and we believe justly, to Simon the* 

Maccabee. These are shekels and half-shekels, respectively equiva- 
lent to tetradrachms and didrachms of the Egyptian talent.^ The 
shekels bear on the obverse the pot of manna, with the inscription, 

Vpio ('^The shekel of Israel”), and the letter to, for nato 
(“year”), followed by a letter indicating the date; and on the 
reverse, Aaron’s rod that budded, with the inscription 
ritonpn (“Jerusalem the Holy”). The half-shekels have the same 
types, but their reverse inscription is ‘’Xti Half-shekel”). 

The dates which occur on either shekels or half-shekels are 
those of the years 1, 2, 3, and 4. The letters are in what is 
called the coin character, an old form of Hebrew. The ‘weight of 
the coins shows that they must have been struck under either the 
Ptolemies or the Seleucidse ; arid in the latter case they may be 
compared to the pieces of Phoenician cities following the standard 
of the kings of Egypt, although issued under the authority of the 
Syrian kings. During the period thus indicated we find that the 
right of coining money with his own stamp was granted 'to Simon 
the Maccabee by Antioehus VII. and there would be no question 
that this was the date of these pieces, were it' not that it is said 
that the Jews adopted as an era the previous establishing of the 
freedom of the country by the treaty of Simon and Demetriuri IL, 
between two and four years earlier.®* This diflSciilty may, how- 
ever, be explained, if we suppose either that Antiodhus merely con- 


^ M. Ch. Lenormant finds fault with Josephus for saying that the shekel is equal to four Attic drachms (o Ss tr ’wXcs *Z^^ct.iu9 Sv, *Arnkics 

Jud, iii. 8, 2). He argues, that the weight of the so-called Maecabeau shekel being that of a Phoenician tetra- 
dtachm is inubh below that of an Attic tetradrachm (J^evuie Ifumismatique, Pr., 1846, pp. 180, 181).* It is perfectly true that there was this dif- 
ference between the Macoabean shekel and the contemporary Attic tetradrachm; but Josephus* must be understood to speak of the Attic tetra- 
drachm or drachm of his own time. By gradual depreciation the Attic drachm had come to be equivalent, under Angustus,t6 the Roman dena- 
rius, so that the two coins were considered thenceforward identical ; and thus pieces struck at Ephesus a little earlier thau'the'time of Josephus 
which have the weight of a deriarius and of two denarii, bear' respectively ihe inscriptions APAXMH and AIAPAXMON. ’ At ^tbe'samefr period the 
denarius was almost exactly equal to the quarter of a Macoabean shekel. There as no question; then, that Josephus was right in paying that the 
shekel was equalto four Attic drachms,, meaning the current Attic drachms, and not the older pieces of .the full weight. It may'he noticed that 
the later coins of the same kind subsequently mentioned are shekels of the old weight, and their quarters struck on Roman' ’denarii. ; There is no 
reason, therefore, to suppose that the Jewish coins show a depreciation hke that of those with which Josephus compares them. 

* l,Macc.X7.6. , ®Id. xni.42. 
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firmed pmUeges before granted by Ms brother, i or else that he gave 
his sanction to the Jewish money already issued. There are also 
copper coins of subsequent princes of J udaea, ending under Agrippa 
Ilf Their inscriptions are at first in Hebrew and in Greek, but 
afterwards in the latter language only. Of a later period there 
are autonomous silver and copper coins, with Hebrew inscriptions, 
like those of the coins assigned to Simon, but with a differen^^ m 
the form of the characters. There are shekels of this class, which, 
notwithstanding their strange fabric, appear to be genuine. The 
smaller silver coins are usually or always re-struck Roman denarii, 
and cannot be doubted. The proper name that occurs on both, as 
well as on the copper, is There is no doubt that these 

pieces were issued by Barchochehas, who raised the Jews in the 
time of Hadrian; hut it is doubtful whether the name Simeon 
refers to him or to Simon the Maccabee, There is also a class of 
uncertain imperial copper coins of Judaea, which may perhaps 
have been struck at Jerusalem. 

. Of Roman Arabia there are imperial copper coins of the country 
^generally, as well as of the cities Rostra and Petra, In Meso- 
potamia the autonomous coinage is unimportant ; but the imperial 
copper money of Oarrhse, Edessa, Hisibis, and Rhesaena is worthy 
of notice. There are also coins of the kings of Edessa, generally 
bearing the name of the contemporary Roman emperor or empress; 
a few are denarii, but the greater number are copper pieces. Of 
Assyria, there are autonomous copper coins of Atusia ad Oaprum, 
and imperial pieces in the same metal of the famous Hineveh as a 
Roman colonia, with the name HIHIVA OLAVHIOPOLIS. The 
known coinage of Babylonia is very scanty. It is possible that 
among the earliest money of what is termed the Persian series there 
maybe some of the last days of the old kingdom of Babylon. There 
are copper coins of Melon and Timarchus, kings of Babylon, of a 
much later period. The former was a satrap of Media who rebelled 
against Antlochus III., B.C, 223, and was defeated and slew himself 
B.O. 220. His money shows that he took the title of king. 

The coins of ancient Africa, including Egypt, are far less nume- 
rous than those of the other two continents. The most important 
series is that of Egypt. There are no coins that can be assigned to 
the period anterior to the conquest by Camhyses, nor do the Egyp- 
tian monuments bear any representations of money ; but we learn 
from them that gold and silver were kept in rings, and weighed 
when their value was to he ascertained. From the time of 0am- 
byses, Persian coins must have been in circulation in Egypt ; and 
indeed Herodotus tells us that Aryan des, governor under this king 
and Darius Hystaspis, was put to death by the latter for issuing 
silver money. In the Persian series there are some pieces in a 
kind of spurious Egyptian style, which are not improbably of 
Aryandes. The certain coinage of the country commences with 
that of the first Ptolemy, bearing his name. There can he little 
doubt that some of the money of Alexander the Great was struck 
in Egypt ; and it seems most probable that Ptolemy issued coins first 
for Philip Arrhidaeus and then for Alexander iEgus, the titular 


the portraits of Ptolemy I. and Berenice, and on the other, those of 
Ptolemy II. and ArsinoS. It is probable that most of the silver 
coins of the second Ptolemy bear his father’s portrait. Of his ' 
queen, Arsinoe, there is a fine series of both gold and silver pieces. 
The gold coins known are principally octodrachms, and the silver 
are all decadrachms. The obverse-type in both cases is the head 
of the queen, with a tiara and veil, a good design, but not in the 
best style ; and the reverse-type is a double cornucopise. Of Pto- 
lemy Euergetes there are fine gold octodrachms, having on the ob- 
verse the king’s bust, wearing a radiate diadem and an embroidered 
chlamys, and with a sceptre-like trident ; and on the reverse a 
radiate cornucopiae. The portrait is in a good style. Of Berenice 
there are gold and silver coins, some of which have Attic weight. 
The portrait is generally of good style, and in one case very beau- 
tiful and somewhat different from the common one, though its 
attribution is confirmed by the fame of this Berenice’s beauty, 
Tetradrachms, in silver, of Ptolemy Philopator are known ; and 
octodrachms, in gold, of ArsinoS. The obverse in both cases is 
occupied by a portrait, that of the queen being of great beauty. 
Of Ptolemy Epiphanes there are gold octodrachms and silver tetra- 
drachms, both bearing his portrait, well executed. Tetradrachms 
of Ptolemy Philometor likewise occur. The coins of the later 
Ptolemies are not yet satisfactorily classed. They are, as already 
noticed, principally of copper. There are silver coins, didrachms and 
drachms, hearing on the obverse the bust of a young man in the 
character of Bacchus, which are doubtless of I'tolemy Heus Dionysus, 
or Auletes. The Egyptian coinage of the famous Cleopatra seems to 
have been only of copper pieces. They hear her bust on the 
obverse ; the face is intelligent, but not beautiful. Her head, with 
that of Mark Antony, occurs on silver coins of the Roman pro- 
vince Asia. The greatest portion of the Ptolemaic copper money 
cannot be exactly classed, since it bears no indication of the reigns 
during which it was issued ; so that difference of style is the main 
guide. The common types are, for the obverse the bearded head of 
Jupiter Ammon, and for the reverse an eagle on a thunderbolt. 
Some of these copper coins are very large and heavy. 

Of the Roman period, the imperial series of Alexandria, whether 
we consider its extent or the interest of its types, is the most re- 
markable in its class, and deserving of far more study than it has 
received. It commences under Augustus, and terminates with 
Constantius I. and Galerius Haxlmianus ; thus lasting longer than 
the Greek imperial money elsewhere. In the earlier part of the 
period there are potin coins, representing silver money, and most 
probably meant for tetradrachms of the Ptolemaic standard ; hut 
the common metal is copper, at first struck in several sizes, in- 
cluding some that are large. The types are very various ; they are 
Graeco-Roman, and even purely Roman (though not technically so), 
Greek, Graeco-Egyptian, and Egyptian. The Egyptian types are 
very interesting, and form a series standing by itself. The coins of 
this last kind begin to deserve especial attention under Domitian j 
and those of Trajan, Hadrian, and Antoninus Pius are numerous 


kings in whose names he governed in the earlier part of his rule. 
The proper Ptolemaic coinage is in the three metals. The gold and 
Sliver pieces are adjusted to the Ptolemaic or Alexandrian talent, 
but there are examples of Attic weight in one reign. The prin- 
cipal denomination of gold money is the octodrachm, hut the penta- 
drachm and tetradrachm are also found. In silver the chief coin 
is the tetradrachm, but there are also decadrachms. The copper 
coins are adjusted to an Egyptian talent, distinct from that of the 
other money, and probably representing the old native system. 

' The gold and silver pieces of the earlier Ptolemies are compara- 
r tively numerous, and are chiefly of the heavier denominations. 
J Their art is superior to that of the money of the later princes, of 
-whom there is scarcely anytMng hut copper. The art of the first 
period is fair, the portraits being usually good iu style, and some- 
times, in the case of the queens, excellent. The designs, except 
the portraits, are uninteresting, and of no great variety. The 
whole series requires a more careful examination than it has yet 
received in order to its accurate classification. It is especially 
desirable that the indications of places of mintage offered by the 
coins should be considered. At present scarcely anything can be 
said, but that it is probable that many were struck in cities of Cy- 
prus and Phoenicia, although some must have been issued in Egypt, 
, particularly after the loss of foreign dominion. The chief coins of 
the first Ptolemy are pentadrachms in gold and tetradrachms in silver, 
’ In both the king’s bust occupies the obverse, and an eagle on a thun- 
der^lt, the reverse. The portrait is good. The tetradrachms, 
which are very numerous, bear dates. Some of the copper coins of 
this reign have, on the one side the bust of the king, and on the 
other that of Berenice. To the time of Ptolemy Philadelphus we 
must assign gold octodrachms and tetradrachms, with, on the one side. 


and interesting. One of the last emperor, dated in his sixth year, 
is particularly important, as commemorating the commencement of 
a Sothic Cycle, a.d. 139 the type is a crane, the Egyptian hen-nu 
or phoenix,^ with a kind of radiate nimbus round its head, and the 
inscription is AIHN. The coins of the subsequent emperors are less 
important. About the time of Claudius Gothicus, and thencefor- 
ward, there seems to be but one size of coin, tbe material of which 
is copper, generally or always washed with silver. The coins of 
the Homes of Egypt form a remarkable class. They belong to a 
short period, the earliest being dated in the eleventh year of Trajan, 
and the latest in the eighth year of Antoninus Pius. Their metal is 
copper, and they are of different sizes. There can he no doubt that 
they were struck at the metropolis of each Home. The types relate 
to the local worship, and thus illustrate the Egyptian religion. 

The inscriptions are the names of the Homes. There is an excep- 
tional coin of the town of Pelusium. (The work of ZoSga affords 
the best account of the coinage of Egypt under the Romans.'*) 

Passing beyond Egypt, we may notice that there are a few Libya, 
autonomous coins of Libya, and, in Marmarica, of Petra, In the 
Cyrenaica there is an interesting series of Cyrene. The gold coins 
are numerous, and of the time of good art, some showing a decline. 

The heaviest pieces are Attic staters or didrachms, hearing on one 
side a victorious quadriga, in the earlier examples driven by what 
seems to be a male charioteer, in the later by Victory. Coins of half 
the weight of these, or gold drachms, have on the obverse a horseman, 
and on the reverse the sacred silphium plant. On smaller pieces the 
head of Jupiter Ammon occurs, both bearded and beardless. The 
weight of the silver coins is at first Attic, but it becomes very light, 
the tetradrachms being reduced to very nearly an equality with 
tridrachms, and thus considerably below the Ptolemaic tetradrachms. 
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Eoman The cause of the change may have been the influence of Rhodian 
Goins* and other light coins, hut the occasion is not known ; in time it was 
probably anterior to the rule of Magas. There are didrachms, be- 
sides the tetradrachms. The art of the silver coins is sometimes fair, 
although never very fine. The usual types are, for the obverse the 
bearded or beardless head of Ammon, the former sometimes crowned 
with silphium, and for the reverse the silphium plant. Some of the 
copper pieces are relatively of a fair style. Of the Cyrenaica gene- 
rally there are Greek and Roman coins, the latter issued by Roman 
officials. Of the town of Barce there are both gold and silver 
pieces, the former not being common. The silver series commences 
with somewhat archaic coins. The standard is Attic, with the 
same change as at Gyrene. The types are, for the obverse the 
silphium, and for the reverse the head of Ammon ; designs which in 
some of the later coins change places. In Syrtica the autonomous 
Roman coins of the colonia Leptis Magna, and in ^eugitana 
the money of Carthage, are deserving of notice. In speaking 
of the Siculo-Punic coinage, we have already had occasion to 
treat of the money of the Carthaginians issued in Sicily. Their Afri- 
can coinage has the same chief types, the head of Proserpine, and 
the horse or horse’s head and palm-tree. It follows the Phoenician 
talent, and the dodecadrachm and decadrachm are known, besides 
tetradrachms and smaller pieces. Some copper coins are known of 
the city of the Roman period with Latin inscriptions. There are a 
few imperial pieces of towns of Mauritania, as well as an interesting 
series of the kings of Numidia and Mauritania. There are silver 
coins of Bocchus, silver and copper of Juba I. and Juba IL, as well 
as the latter with Cleopatra ; copper of Cleopatra alone; and silver 
and copper of Ptolemy. The silver pieces of this series are probably 
for the most part low denarii. On the whole, the coinage of Africa 
beyond Egypt is poor and of small interest. 

Sect. IV.— EOMAN COINS. 

The ancient Roman coinage appears to have commenced 
late in the fourth, or early in the third century b.c., and to 
have continued without interruption until thefall of the Western 
Empire , a.d. 476. It will be necessary here to give a sketch of 
Glasses. the characteristics of its great classes. The earliest Eoman 
coins are of gold, silver, and copper, of Greek fabric and with 
Greek types, but Latin inscriptions. Their art shows that 
they date from about the time of Pyrrhus to near the dose of 
the third century b.c. There can be no doubt that they were 
issued by Campanian cities subject to the commonwealth. 
After a time the Romans had a proper coinage of Eoman or 
Etruscan fabric, and with Eoman types as well as Latin in- 
scriptions. With this class the proper Roman coinage com- 
mences. The period of these coins is different with those of 
each metal. The silver and copper money probably began 
about the same time, near the close of the third century b,c. ; 
and terminated, in the case of the former about b.c. 80, in that 
of the latter somewhat earlier. The late silver coins are of 
Campania only ; and the same is the case with all the gold 
pieces, which were most probably struck between b.o. 90 
and 80. It will be seen that the later coins of this class 
considerably overlap in time the earlier of the next class, 
but their types forbid our altering the arrangement. The 
copper coins, commonly called ces grave, are the most im- 
' portant. They are of heavy weight and coarse fabric, bearing 

' rude types, the most common of which are, for the obverse the 
head of Janus bifrons, and for the reverse the prow of a galley. 
The silver coins usually have as their obverse-type tbe head of 
Minerva, and the gold ones, that of Janus. This class was 
succeeded, though in an irregular manner, by what is called 
the family or consular series, the latter of which appellations 
is incorrect. Its coins are of the three metals, and with Roman 
types and Latin inscriptions. They were struck at Rome from 
B.c. cir, 170 to the time of Augustus, by individuals to whom the 
state allowed the right of coinage, whose names they hear, and 
they are therefore classed accorfing to the Roman families. The 
gold and silver family coins usually have on the obverse the head 
of a divinity, or of a personification, or of a traditional or histo- 
rical personage ; and, on the reverse a mythological, symbolical, 
traditional, or historical subject. They are generally of better 
art than the as grave, which the copper coins, on the contrary, 
follow in art as weU as in types. The imperial coinage may be 
considered to commence with that of Julius Caesar, although the 
family series does not then terminate. It is of two classes ; that 
of the pagan emperors, and that of the Christian emperors. 
The former class ends under the reign of Constantine; when he 


changed the coinage. The coins are of gold, silver, and copper ; Roman 
the last including brass. Their designs from the time of August us Coins, 
to the decline of the empire show a fair style of art, and display 
great mechanical skill. They most nearly resemble modem 
coins, particularly in form and thickness, but their designs are 
generally in higher relief. The obverses bear the portrait of an 
emperor or empress, or of a Caesar ; and the reverses, historical, 
mythological, or symbolical types. Towards the latter part of 
its period the coins become thinner in form and of much lower 
^ and execution. The second class of imperial money, that 
issued by Constantine for the greater part of his reign, and by 
his successors to the fall of the W^estern Empire, is of gold, 
silver, and copper, and is mainly to be distinguished from the 
receding one by the absence of pagan types, and by a further 
ecline in its art. It is important to distinguish the five great 
divisions of Roman money which we have described, and which 
may be called the Greek coinage of the commonwealth, the 
early Roman coinage, the family coinage, that of the pagan, 
and that of the Christian emperors. 

In seeking the motives which influenced the choice of the Devices 
types of the proper Roman coinage, we must not imagine too and in- 
close an analogy with the case of Greek money. The idea of scrip tions. 
the first coinage, that of the Campanian cities, which was not 
properly Roman, was to adopt subjects connected with religion. 

This feeling was maintained, though it seems somewhat igno- 
rantly, in the ass grave, tinder the empire, however, the 
sovereign became the source of the chief types, although the 
religious motive was, perhaps for a reason of policy, never 
wholly abandoned. An inscription of the time of Diocletian, 

SACRA MONETA AYGG NN (Augustorum nosirorum), 
well expresses this idea ; the coinage personified by the goddess 
is still sacred, but yet it is the emperors\ The proper Roman 
coinage, if separated according to its types, falls into four 
classes, the aes grave, the family silver and gold (for the 
copper maintained the old types), the pagan imperial, and the 
Christian imperial. The designs of the first are, like those of 
the early Greek coins, sacred distinctive symbols, though, as 
already noticed, probably not always understood by those who 
used them. The types of the family silver and gold coins 
are somewhat different from those of any class of money which 
we have already noticed. The primary religious motive is 
indeed to be clearly traced in them; but their having been 
selected to distinguish families, instead of towns or tribes, gives 
them a peculiar character. The following are the principal 
classes to which these types may be reduced : — 

1. Head or figure of a divinity worshipped at Rome ; as head of 
Jupiter (fam. Petillia), figures of the Dioscuri (Junia), or of a 
divinity worshipped by the family or individual striking the coin, 
as head of Neptune (Pompeia, coin of Sextus Pompeius). 

2. Sacred natural or artificial object; as pontifical implements 
(Antonia), — This class is not a very large one, and sacred animals 
rarely occur. 

3. Head or figure of a personification of a country or town ; as 
heads of Hispania (Oarisia), Roma (Julia), Alexandria JBgypti 
(.Emilia). 

4. Head or figure of an allegorical personage ; as heads of Favor 
(Hostilia), Pallor (id.), Honos and Virtus (Fufia, Mucia). 

5. Fabulous monster ; as Scylla (Pompeia), 

6. Head or figure of an ancestral personage; as heads of Numa 
(Oalpurnia), Ancus Marcius (Marcia). 

7. Events connected with ancestors ; as figure of Marcus Lepidus, 
as TVTOR REG [is], crowning Ptolemy Epiphanes (.Emilia), 

8. Places connected with historical exploits, and of a votive cha- 
racter; as Pharos of Messana (Pompeia, of Sextus, probably com- 
memorating the sea-fight ofif Messana, B.C. 38). 

9. Symbolical representations commemorating contemporary 
events, as a general welcomed on landing by a country or city 
(Minatia). 

10. Heads of living personages exercising dictatorial power, or 
in very high authority; as head of Sylla (Cornelia). 

11. Representations connected with noilitary matters ; as legion- 
ary standards (Antonia) 

Besides the principal designs, there are symbols and nume- 
rals, generally to be regarded as having been indicative of 
successive issues from the mint. The inscriptions are usually, 
on the obverse the name of the personage represented, with, 
in the field, x for denarius, and the like ; and on the reverse the 
name of the person who issued the coin : the latter sometimes 
occurs on the obverse. The inscriptions are in the nominative, 
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Tie series of Roman imperial coins of the pagan emperors 
reommencing with Jdius Caesar, and terminating with the 
adoption of Christian types hy Constantine the Great) bears 
devices of the same general character as those of the family 
money, hut with a far stronger relation to living persons 
events than to mythology. The ohverse-type of this period is 
the portrait of an imperial personage, an emperor, an empress, 
or a Csesar ; and the reverse bears some subject directly or tro- 
pically connected with their actions. Under J ulius and Augus- 
tus moneyers of powerful famiHes shared the right of issuing 
coins with the head of the state ; their money is like that of the 
family series, to which it should he assigned, hut it generally 
hears on the obverse the head of the emperor, if we may include 
Julius with Augustus under that name. In the reign of 
Augustus, however, this privilege ceased ; and the emperor 
struck the gold and silver money, while the copper was issued 
hy the senate, and therefore always bears the characters S. C., 
for Semt4$ corbsvMu. Without repeating what we have said 
of the types of the Roman family coins, we may mention the 
principal kinds of types of the imperial coins. Those of the 
obverses vary only in the treatment of the head or bust of 
the imperial personage. Those of the reverses are com- 
monly mythological, representing divinities; or allegorical, 
representing personifications ; or historical, representing, 
either directly or tropically, acts done or works executed 
hy the reigning emperor. Thus the coins of Hadrian, besides 
hearing the figures of the principal Roman divinities and per- 
sonifications, commemorate, hy allegorical representations of 
countries or cities, the emperor’s progresses, and, by actual 
representations, his architectural works. The inscriptions of 
the coins of the pagan empire are either simply descriptive, 
such as the emperor’s names and titles in the nominative, on 
the obverse, or partly on the obverse and partly on the reverse, 
and the name of the subject on the reverse ; or else they are 
dedicatory, the imperial names and titles being given on the 
obverse in the dative, and the name of the type on the reverse. 
On the latter there is sometimes a directly dedicatory inscription 
to the emperor. The inscriptions of the earlier imperial coins, 
from Tiberius to Alexander Severus, have generally a chro- 
nological character, usually giving the current consulship of the 
emperor, or his last consulship, if he did not at the time hold 
that office, as well as the year of his tribunitian power. In 
the latter part of the third century an indication of the towns 
at which the coins were struck commences, usually occupying 
the exergue of their reverses. There are also sometimes cha- 
racters or signs in the field. The geographical indications are 
not completely understood, but it is probable that they gene- 
rally mark not only the place of striking, but each fresh issue 
of the same type. 

The coins of the Christian empire differ from those of the 
pagan empire mainly in the character of thejr reverse-types. 
These are generally allegorical and free from pagan intention, 
though not from pagan influence, as in the cases of the common 
types of Victory inscribing the emperor’s vota upon a shield, or 
in later times holding a long cross, and of seated Rome. Purely 
Christian, types are less common : the most remarkable is that 
of the monogram of the name of our Saviour, formed of X and 
P, the latter letter being placed vertically across the former. 
The inscription HOC SIGNO VICTOR ERIS, on coins dating 
not many years after the victory of Constantine over Licinius, 
must also he noticed. The inscriptions generally show the 
same change as the types. There are many varieties, but very 
few absolutely different types and inscriptions. 

Roman coins, if classed according to theit art, fall info three 
main divisions, — ^that of rude and slightly progressive art, that 
of the beat art, and that of declining arf. The period of the 
first class commences with the issue of the ass grave, about the 
latter part of the third century b.o., and lasts to the accession 
of Augustus ; -that of the second comprises the reigns of that 
emperor and his successors, as far as the death of Commodus ; 
and that of the third extends from this time to the close of the 
empire.: ^ fh® case is a very different one from that of the 
^reek coinage, for the improvement of art in the time before 
is in genera] very slow, and the great advance made 
in ^ money is owing to a better system, and the employment 
9“ f"Cek artists. The .decline, which sensibly commences in 
the reign of Commodus, although Ms coins are generally of 
good style, is not very rapid, and receives occasional checks, 
untu, at the time of Diocletian, there is a sensible improTe- 


ment, which, however, is more evident in the execution of the Roman 
coins than in their designs. The money of Constantine the Coins. 
Great is perhaps the best of this time ; under his sons decline 
has again begun, and it steadily, though still slowly, continues 
until the close of the empire. 

We shall here speak only of the best art of Roman coins, as 
in the case of the art of Greek coins, and for stronger reasons. 

The art of Roman coins is not steadily progressive from in- 
ternal vigour, and in its time of excellence is far more foreign 
than native in character. It is, however, well worthy of study, 
in this period, for its intrinsic merit, for its illustration of con- 
temporary sculpture, and on account of its influence on me- 
diaeval and modern, numismatic art. The Roman coins were 
designed under the revival of Greek art, during the empire, by 
the Grseco-Roman school. The Romans had properly no art of 
their own. Their greatest temples, and the statues of their gods, 
were essentially copies or imitations by Greeks of Greek works, 
except, in the case of the statues, some few Greek originals of an 
earlier time. Both differed from the best Greek works in a want 
of simplicity and purity of design and execution, and the statues 
show a tendency to pictorial and dramatic rather than ideal 
treatment. The portrait statues and busts are most charac- 
teristic of this style. With an evident faithfulness, they usually 
show a deficieucy of grandeur, and occasionally some man- 
nerism. Perhaps the most excellent' example of* this class is 
the bust commonly called that of Clytie, in the British Museum, 
wMch is undoubtedly a portrait of the Grgeco-Roman school. 

The best Roman coins approach most nearly to the excellence 
of this very beautiful sculpture. As simple medallic por- 
traits, they are indeed scarcely surpassed, except by the still 
more pictorial Italian medals of the fifteenth and sixteenth 
centuries ; but they never rise to the simple grandeur of the 
few good Greek portraits that occur on coins. The difference 
is this : the Greek sculptor seized the highest expression of the 
face he would represent, and produced an ideal portrait ; while 
the Grseco-Roman copied the usual expression, and produced 
nothing beyond a faithful portrait. The finest examples of 
Graeco-Roman art on coins are the portrait of Livia as Pietas, 

Justicia, and Salus, and that of the elder Agrippina, on copper 
coins ; and those of the elder and younger [Faustinas, in the 
gold series. The medallions and copper coins of Trajan, Had- 
rian, Antoninus Pius, and Commodus, are on both sides of 
excellent design and beautiful workmanship. For portraits, 
none of the period are more interesting than the coins of Nero, 
the growth of whose bad passions may be traced in the increas- 
ing brutality of his features and their expression. In the case 
of other emperors, the portraits are either always the same, or 
taken at two ages. The whole series from Augustus to Com- 
modus is well worthy careful examination, especially as afibrd- 
ing some of the best specimens of the work of an important 
school of ancient art. This Graeco-Roman school is seen to far 
more advantage in these works than in its attempts — and these 
but imitative — at high sculpture, in which, through an inade- 
quate ideal, it failed to produce anything pure, elevated, and 
simple. Let any one who would see how far it fell short 
compare the Venus of the Capitol with the Venus of Melos. 

We have already had occasion to speak of the mode in which Systems of 
Roman coins were struck, and we may now pass on to consider coinage, 
the denominations of the coinage at different times. The sub- 
ject is one of extreme difficulty, from the disagreement of the 
evidence of ancient writers with that of the coins themselves, 
and the obscurity of the indications offered by the latter. It 
was believed, until lately, that some existing Roman coins were 
as early as the period of the kings, from the statement of Pliny, 
that Servius Tullius first struck copper money, and from the 
ancient appearance of the specimens in question. Any such 
theory is, however, wholly untenable. The earliest Roman 
coins, as we have already mentioned, were of Greek fabric, and 
issued by Campanian cities. The gold and silver appear to 
follow the Greek system of the Attic talent, while the copper 
are on the Italian system. The denominations of the second 
class are, in gold, tlie aureus and half-aureus ; in silver, the 
denarius, and its half, the quinarius ; and in copper, the as, 
with certain of its divisions. The denominations of the third 
class, ox family series, are in general the same as those of the 
preceding class, with, in the copper, a depreciation of weight. 

The denominations of the fourth class— that of the pagan em- 
pire — are the same, though again of constantly decreasing 
weight. The fifth class, comprising the money of the Chris- 
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Roman tian emperors from Constantine’s change in the coinage until 
Coins, the fall of the Empire of the West, has a different system of 
denominations. 

Cold coins notice the money of each metal in particular, from 

* the commencement of a Roman system with what we have called 
the second class of Roman coins. Pliny states that the first aarei 
were struck, forty-five from the pound of gold, B. c. 207 ; a date which 
well agrees with what must he that of the oldest silver coins of 
this class. The gold coins of the same class seem to have been on this 
standard, for they weigh a little more than a hundred grains, which 
would indicate that about forty-five were struck from the pound. 
There is also in this series a half-aureus (a coin of which we do not 
know the ancient appellation) of this series. The aurei of the next 
class — the family series — fluctuate in weight. The earliest are 
somewhat heavier than those of the preceding class ; those of the 
time of Sylla are very much heavier, having been struck thirty 
to the pound ; while those of Pompey are forty to the pound, a 
reduction mentioned by Pliny. There are no half-aurei of the 
family series known, but they are found of the reign of Augustus. 
Prom the time of Augustus the weight of the aureus was gradu- 
ally lowered, until Nero fixed the number to he struck from 
the pound of gold at forty-five, making a corresponding change 
in the silver money. Caracalla, in a.d. 215, further reduced 
the aureus by striking fifty from the pound ; and many of his 
successors issued gold coins that were much lighter than the 
weight thus fixed. Under Constantine the Great a new coin was 
substituted for the aureus, called solidus, or voi^iirfAu, of which 
seventy-two were coined from the pound. This continued to he 
the principal Roman gold coin, and to maintain its full weight, 
to the fall of the Empire of the West, and, indeed, with little 
change of weight, though latterly much alloyed, until the end of 
the Byzantine Empire. The divisions of the solidus were the half 
and third, commonly, hut without authority, and, in the case of the 
latter, incorrectly, called the semissis and tremissis. 

Silver The principal silver coin of the commonwealth was the denarius, 

coins. of which there were twenty -five to the aureus. Pliny makes the first 

denarii to have been struck as early as B.c. 269 ; hut there are no 
specimens that we can ascribe to an earlier period than the date he 
assigns to the first aureus — ^B.c. 207. It may be remarked, how- 
ever, that since the denarius is derived from the Attic drachm, the 
Campanian Attic drachms of Greek types might have been con- 
sidered by Pliny as the first denarii ; although the principal gold 
coins of the same class could not be called the j^st aurei. In this case 
the date would perfectly apply. The denarius received its name 
from its being at first equivalent to ten asses. It had two divisions 
in silver — its half, the quinarius^ audits quarter, the sestertius : the 
quiuarius, when bearing the figure of Victory on its reverse, was 
termed victoriatus. Smaller silver coins are mentioned by an- 
cient writers as current under the commonwealth, but no examples 
of them have been recognised. There are quinarii of the second 
class of Roman coins, that to which the earliest denarii belong. 
The victoriati are said to have been struck by a Clodian law (Plin. 
N.H., lib. xxxiii., § 13), but it has not been ascertained when this 
law was enacted. The sestertii are all, as far as we know, of a 
later time. It is said that at first a hundred denarii were struck 
from the pound of silver ; and accordingly we find that the oldest 
weigh from 60 grains to above 60. In the time of Augustus, how- 
ever, eighty-four denarii were struck from the pound. When Nero 
lowered the weight of the aureus, he proportionately reduced the 
denarius, coining ninety-six from the pound. In subsequent reigns 
the proportion of alloy was constantly increased, until, in the time 
of Severus, it was one-half of the weight of the coin. Caracalla, in 
A.D. 215, legalized a considerable proportion of alloy in the denarius, 
and issued a new coin, called after him the Argentms Amoninianus, 
of which sixty were struck from the xjound — a coin which not very 
'long afterwards supplanted the denarius. The argenteus was con- 
siderably alloyed, and later emperors made it baser by degrees, until 
at length it was a copper coin washed with silver, and even tin. 
The types of obverse introduced by Caracalla were always main- 
' tained ; they represent the bust of the emperor with a radiate 
crown, as Phoebus, and that of the empress resting on a crescent, 
as Diana. Diocletian again issued coins of good silver of two de- 
nominations, one of which appears to represent the argenteus, 
though without its types, and the other the denarius. Constantine 
the Great added other denominations, all which have not been satis- 
factorily identified among his coins. The principal sUver coin of 
his time was the cententionalis, weighing a little less than 60 grains, 
which was probably first issued by Diocletian. This system was 
followed to the end of the Empire of the "West, although hut two 
denominations were usually struck, which seem to be the centen- 
tionalis and a piece of half its value. 


The earliest proper Roman copper coinage has been generally Roman 
supposed to be as ancient as the time of the kings. The principles Coins, 
of just criticism forbid us, however, from carrying any of these 
coins to a remoter period than the latest part of the third century « 
before the Christian Era. The as, which was the principal copper 
coin, is said to have been first coined of the weight of a pound 3 
and therefore when the weight of the denomination had been low- 
ered by authority, these oldest asses were called lihrales, Eor the 
same reason, the whole class of heavy copper coins received the 
name of obs grave when there was a lighter currency. It is not 
clear whether this appellation anciently included all the copper 
money of this kind, whether of Rome or of Etruscan cities, 
heavier than that hearing the names of Roman families ; but this 
was probably the case. The as, like the libra, contained twelve 
undos, or ounces ; and the divisions which were commonly struck 
were the semis or semissis, its half ; the triens, or third 3 ihequadrcmsy 
or quarter ; the sextans, or sixth 3 and the uncia, or twelfth. The 
other divisions of the as which have been noticed are, according to 
M. Cohen, the quincunx, or five ounces, without Rome 3 and the bes 
or bessis, or eight ounces 3 and dodrans, or nine ounces; which 
last two have been alone found among the coins of the family 
Cassia.^ The Roman pound has been estimated by Bdckh at 
5053 grains , 2 but no as has been found, as far as we know, 
nearly equal to this estimate. There are, however, specimens 
which are of not much less weight; and if we make allowance 
for waste by rusting and for irregularity of striking, which is 
especially great in almost all copper coinage, and generally below 
the standard, we may consider they fairly represent the asses 
librales. An examination of the divisions of the as leads to the 
same result. There are also larger pieces of metal of greater 
weight than the as, and of an oblong form, bearing on one side 
the figure of a hull, of which some true specimens remain, although 
most of those which are in cabinets are forgeries. They are of the 
period of the ses grave, and might be supposed to represent the sum 
of three asses (called tressis), or ten asses ( called decussis), according 
to when they were struck ; but it is doubtful if they are more than 
pieces of metal containing a number of pounds without fractions, 
like the so-called Celtic ring-money. ‘While the earliest asses and 
their divisions are of nearly full weight, we find the later ones are 
much lighter. During the period of what we have called the second 
class of Roman coins, which commences with the issue of a proper 
Roman coinage, the as appears, frpm existing specimens, to have 
gradually fallen to the sixth part of its original weight by a degra- 
dation that was probably on the whole regular. During the next 
period — that of the family coins — the asses seem to be only of the 
weight of either two ounces or a single ounce. Under Julius C»sar 
the as weighs not quite half an ounce ; and we first observe two new 
copper coinS' — the sestertius^ and its half, the du^ondius. At this 
time the number of asses to the denarius had already been increased 
to sixteen; so that the sestertius, which was the quarter of the 
denarius, contained four asses. The sestertius, however, and the 
dupondius, were struck of fine yellow brass (orichaUum), while the 
as was of copper. Instead, therefore, of weighing two ounces and 
one ounce respectively, they weighed one ounce and half an ounce 3 
while the as weighed nearly half an ounce. The reason that the 
as is defective^ rather than the dupondius excessive, probably is, that 
its weight was that to which the coin had already fallen, and that 
it was considered better to make the new piece of an exact weight 
than slightly to raise the old one. The dupondius and as, being 
nearly of the same weight, and having the same types, are in 
general only to be distinguished by the difference of metal, and 
sometimes the more careful work of the former. The rust pro- 
duced by the chemical action of different soils often hides the 
colour of the metal, and so takes away the principal means of 
discrimination 3 yet the two may usually be distinguished, at 
least as late as the time of the Antonines, particularly if one is 
careful to compare them with the sestertii, to which the dupondii 
always have a nearer resemblance than have the asses. ^ Divisions 
of the as are very uncommon under the empire. Those which exist 
are of the period extending from the accession of Augustus to that 
of Gallienus. From that time it is doubtful if any were coined. 

The very small pieces issued considerably later do not seem to 
have corresponded to any one of the old coins. The copper coinage, 
like the silver and gold, suffered considerable changes. Alex- 
ander Severus, or, as he is called on the coins, Severus Alex- 
ander, reduced the sestertius and dupondius to two-thirds of their 
former weight. A few years afterwards a larger coin or denarius 
of brass, equal to four sestertii, was issued, called the Fhilippus 
areus, from the Emperor Philip, who seems to have first struck 
it. In the time of Gallienus the sestertii and dupondii cease alto- 
gether, at least as a regular series, and the principal coin seems to 
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be the as, now a small piece coined of brass, and some larger pieces, 
generally Philippi serei. In the reign of Diocletian a new coin of 
f copper, frequently plated (the /oZZw or urwctimim^y was introduced ; 
and the Philippas asreus appears to have been abandoned at the 
same time. The smaller coin, which is also of copper, appears to 
be the azsarion, Constantine the Great changed the copper coinage ; 
but he seems to have taken the money of Diocletian as the basis 
of his coinage. His copper money consists of two principal deno- 
minations, which differ only from those of Diocletian in being 
somewhat lighter, and the half of the smaller coin. Thenceforward, 
to the end of the empire, there was no very important change, 
except that the largest coin, the follis, fell into disuse after the 
time of HonoriuSj and that there was a constant diminution in the 
weight of the others. The common division of the Roman copper 
money, according to its size, is into first brass, second or middle 
brass, and third brass. The first class includes the sestertii, the 
second the dupondii and earlier asses, the third the later asses and 
all smaller coins. It is not necessary to show the faults of an ar- 
rangement that is so thoroughly unscientific in character ; but we 
must protest against its use in the arrangement of cabinets, and 
the consequent injury to the real progress of numismatic iuquiry. 

In addition to the Roman coins, there are certain pieces which 
.cannot be properly considered to have been money. These may 
be classed as medallions and tickets. The medallions are of gold, 
silver, and brass or copper, and usually larger than the largest 
coin of the time of their metal. They are generally, if not 
always, of the weight of a number of coins without fraction ; but 
they are not therefore to be considered as part of the currency. 
The gold medallions commence under Constantine the Great, and 
continue to the end of the empire ; the silver probably commence 
under Gallienus, and last to the same time ; and the copper com- 
mence with Augustus, and continue at least to the reign of Alex- 
ander Severua. The types resemble those of the coins, but have an 
especial reference, in the case of the copper pieces, on account of 
their having been set in the standards, to military matters. The 
work^ of all is usually finer than that of the current money. Of 
the tickets, the most interesting are the contor'/daus^ which were 
probably struck between the time of Constantine the Great and the 
fall of the empire, and were connected with the games. 

(The most valuable treatise on the entire class of Roman coins is 
the part of Bckhel’s Doctrina Numorum Yeterum which relates to 
It. Except with reference to the family series, no great advance 
has been made since its publication ; and on the whole it is both 
the most complete and the most learned account of Roman money. 
Mionnet’s work, entitled Medailles Romaims,'^ is of far less import- 
ance. It has the two cardinal defects of not describing the most 
common types, and of following no scientific arrangement. There 
several excellent essays on particular branches of the subject, 
which we shall have occasion to notice in subsequent places.) 

TOhout considering in detail every kind of Roman money, it 
will be necessary to make some observations on the chief classes, the 
early proper coinage of the city, the family series, and that of the 
empire. Of the first kind, the aes grave is beyond doubt the most 
important portion. ^ It must not be supposed, however, that it is 
all of Rome 5 for it is certain that much was issued by other cities, 
although there is a great quantity that we must believe to he pro- 
perly Komam The as of Rome is known by having on the obverse 
the head ^ bifrons, and on the reverse the prow of a ffalley, 
to which Ovid alludes, asking — * o jj 
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** Cur navalis in aere 

Altera signata cst, altera forma biceps?’’ 

(Rasu i.) Other denominations have different obverses, with the 
same reverse, and must have been struck at Rome or under Roman 

generally referred to 
neigitouring provinces. (The most complete work on 

Pamilv A Tessieri, already noticed.) 

Family ^ The series of family coins consists mainly of denarii, other 
senes. pieces, both in gold and silver, being comparatively rare, and even 

SL -T ‘yP®® of denarii are of high 

’"fhen they relate to the Koman traditions, or to 
^her or contemporary history. Those that refer to the story of 
^mnlus, or hear the heads of others of theprimmval kings or 
hnw™.hl‘”*'*®i,®’^!r“*®t.®®“®“®'^ this first age of the city,^how 
mtod ®®rfy Koman legends had taken upra the 

S?L 1 ^® “ the first and second centuries before the 

Th™e tones art 7 *® similar written evidence, 

natton ^ *^® P®’’* tha common devices of the 

gnerai feeling more dearly than those of Greek cities, which gave 


no scope to individual choice. The family coins that record the 
achievements of the house, whether in days past or in the time 
when they were issued, are also of high interest. The memory of ^ 
events not yet recognised in written history is thus preserved, and 
in such a manner as to lead us to hope that we may, with the aid 
afforded by the coins, restore otherwise lost portions of the annals 
of the city. It is important to observe, — there can be no doubt, 
owing to historical considerations, differences of style, and evidently 
local types, — that many family coins were struck not alone out of the 
city, but in provinces beyond Italy. We may notice a few of the 
types of denarii, taking the families in an alphabetical order. Of 
the family jEmilia there are interesting coins relating to deeds 
performed or structures raised by members of that house. One 
bears the head of Alexandria on the obverse, and on the reverse 
Marcus Depidus crowning Ptolemy Epiphanes, Another has a 
representation of Paulus ^milius as if raising a trophy, with 
Perseus, king of Macedon, and his two children, standing before 
him. The coins of Mark Antony, which belong to the family 
Antonia, display his power and arrogance. To Jania is assigned 
the money of the celebrated Brutus. The most remarkable coins in 
the family series, were they undoubted, would be those of Brutus 
commemorating the death of Julius Caesar, with on the reverse a 
cap of liberty between two daggers, and the inscription EID. MAR. 

There are specimens in both gold and silver, the latter having two 
types of obverse ; but we have seen none that could be pronounced 
satisfactory. Dio Cassias indeed says that such a commemorative 
type was placed on his coins by Brutus ; but it is not unlikely that 
all the pieces bearing it would have been called in by the triumvirs, 
while the passage would have stimulated modern forgers to produce 
what it describes. Among the types of the coins of the family 
Marcia we notice the head of King Ancus Marcius. The coins of 
the family Pompeia are of great interest. The most remarkable 
one has on the obverse the Pharos of Messana above a Roman 
galley, and on the reverse Scylla striking with a rudder; types 
supposed to relate to the defeat of the fleet of Octavianus, B.c. 38, 
near Messana, by that of Sextus Pompey ; or possibly referring to 
the earlier battle in the straits of Sicily, b.c. 42, between the same, 
and with the same result. The coins of the family Tituria present 
two noticeable types, one representing the Romans carrying off 
two Sabine women, and thus commemorating the Rape of the Sabines, 
and the other, Tarpeia being crushed by bucklers, (The best work 
on the family coins is that of M. Cohen,®) 

The imperial series is properly the continuation of the family Coins of 
class, although characterized by marked distinctions. The <3[eno- the empire, 
minations present a more perfect system, as we might have ex- 
pccted ; and the reference of the types is either to the state or to 
the emperor. The types of the later family coins, however, from 
the time of Sylla, when the liberties of Rome were already over- 
thrown, are very frequently similar in intention to those of the 
imperial money. The whole class may be separated into three 
main divisions, the first comprising the coins of the period extend- 
ing from the rule of Julius Cassar to the death of Commodus; the 
second, those of the subsequent time, as far as the accession of Con- 
stantine; and the third, those of that sovereign and his successors 
to the fall of the Empire of the West. The coins of the first period 
have that general character of order and fitness that we should ex- 
pect in the money of a great empire, and at the same time show 
such changes as would be made by a nation which despised com- 
merce, and was strong enough to carry its contempt into acts, 

Under the outward system of regularity there lay an element of 
disorder that brought about in the end financial ruin. The prin- 
ciples that worked little harm in an age of prosperity were engines 
of destruction when the state was overtaken by adversity. Ho 
longer sustained by a powerful government, or applied with mo- 
deration, slight changes took the form of desperate experiments, 
each one of which left the exchequer in a position of greater diffi- 
culty. In the period we are now noticing, we find but the com- 
mencement of this disorder in the constant though small decline of 
the weight of gold and silver coins, and the legalization of their 
moderate reduction, a system which did but continue the custom 
of the commonwealth, under which there had been far greater 
changes. The chief coins are the aureus, the denarius, the sester- 
tius, the dupondius, and the as. Denominations lower than these 
are not common. There is a general similarity of types, especially 
in the case of the aurei and denarii. On the whole, the best work 
is shown in the sestertii ; but the dupondii are often excellent, as 
well as the aurei and denarii. The types have for the most part a 
reference to the emperor rather than to the state, although this is 
less marked at the first than afterwards. The coins of Augustus 
show a decided advance in their art upon those of Julius; but in 
this respect they must yield to those of Livia, Antonia, and Agrip- 
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Jloman pina the Elder, which are among the most excellent Eoman coins. 

Coins. The portraits of Livia, as Sains, Justitia, and Pietas, on dupondii, 
V ^ j are among the most beautiful examples of Graeco-Roman art. The 
^ bust of Antonia on aurei and denarii, as Ceres or Proserpine, is a 

Coins of the subject, scarcely less ably treated.^ The portrait of the elder 

empire, Agrippina on sestertii is quite equal to those of Livia in work, 
although the face is not so beautiful. The coins of Drusus Senior 
hear types relating to his conquest of the Germans. The denarius 
of Tiberius is interesting on account of the description of it in the 
New Testament with reference to the question of the lawfulness of 
paying tribute. The sestertii of Nero are of very fine work, and 
in this respect yield to no other coins in the series. The money of 
Vespasian and Titus records the subjugation of Judasa. The coins 
of Trajan are remarkable for their architectural types ; and those 
of Hadrian as commemorating his journeys. The portrait of An- 
toninus Pius is fine; and that of the elder Faustina is among the 
most beautiful. The head of Marcus Aurelius is also well executed ; 
and that of the younger Faustina is always beautiful, and some- 
times inferior to none in the series, when the empress is repre- 
sented as very young, probably in the character of Venus, whose 
name and figure occupy the reverse. The imperial ladies are dis- 
tinguished by the manner in which they wear their hair, which is 
sometimes a safer guide than the portrait. The coins of Commodus 
may he considered to close the series of those showing good art : 
some of them display great delicacy and careful work. Among the 
more interesting pieces is the copper medallion, having on the 
reverse Roman Britannia seated. 

The disorders that followed the death of Commodus have left their 
impress on the coinage, which then lost its beauty of design and de- 
licacy of execution, neither to be more than partially restored in after 
times. The money of Severus and his house, which shows systema- 
tic lowering of value, is of interest. The base metal argenteus is 
already found in the time of Niger, hut it was not regularly intro- 
duced until the reign of Oaracalla. The coins of Elagahalus are 
remarkable for their reference to the oriental worship to which he 
was attached. Tinder Alexander Severus, the copper money was 
legally reduced, and great attention was paid to its execution, 
which is excellent for the period. The art and purity of the 
money declined after Alexander’s reign, and in that of Gallienus 
both had sunk to a’ very low condition. The chief coins of this 
emperor, and the so-called “Thirty Tyrants,” were the argentei, 
which were of copper or base metal washed with silver, and brass 
pieces of the same size, commonly called “ third brass,” which are 
first plentiful at this time. With the accession of Aurelian the 
Greek imperial money may be considered to cease, except at Alex- 
andria ; and thenceforward very much of the Roman coinage was 
struck in the provinces. After a time we notice the abbreviated 
names of the towns of mintage in the exergues of the coins ; a 
practice which appears to have commenced in the reign of Gal- 
lienus, hut not to have attained a regular form until that of 
Diocletian and Maximian. About the period of the latter, Treves, 
Lugdunum (Lyons), Arles, Londinium, Rome, Constantinople, 
Antioch, Alexandria, and Carthage, and afterwards Ravenna and 
Alilan, are the most common mints. The changes of Diocletian, 
although they improved the material of the coins by substituting 
pure silver pieces for the base argentei, and added the large cop- 
per follis to the third brass, did not materially affect the types. 
Throughout this period they are of inferior interest to those of 
the prosperous age that preceded it. Their reference is rather to 
divinities than to events, and they show a want of originality. 
With Diocletian, however, the art of the coins improves, a stiff 
style being introduced, which, notwithstanding its radical faults, 
is not devoid of force. In the treatment of heads it is more happy 
than in that of groups. 

The commencement of the third period of Roman coinage we 
have dated in the reign of Constantine the Great, The proper 
beginning cannot be exactly fixed; for it would he difficult to 
choose between the monetary changes of this emperor and his 
abandonment of pagan designs and adoption of others, either con- 
nected with Christianity or supposed to be not repugnant to it. 
The two events do not, however, seem to have been far apart. 
The recognition of Christianity was not the cause of such great 
immediate changes in the types as one might have supposed. A 
little earlier several types of a symbolical or allegorical character 
had been introduced, and these were retained. The Christian 
types at first are very few, and they can scarcely be said to pre- 


dominate during any part of the remaining period of the Western Media val 

Empire. The art of Constantine’s money resembles that of Dio- and Mo- 

cletian’s;but after his time there is a speedy decline, and towards dern Coins. 

the close of the empire the coins are in this respect very poor. The v 

most interesting coins are the third brass pieces of Constantine, 

with the Christian monogram upon the standard (laharu>frC)^ and 

the somewhat later folles, as those of Vetranio, with the inscription 

HOC SIGNO VICTOR ERIS. The coins of Julian the Apostate 

are to be noticed on account of their showing a recurrence to 

purely pagan designs. On the whole, it may be considered that 

the change of religion was fatal to the types of the coins, no doubt 

because it took place at a time when the art of the empire was in 

too low a condition to be capable of expressing new ideas. 


Sect. Y.— MEDLEVAL AND MODEEN COINS OF 
EUROPE. 

The period of the mediasval and modern coins of Europe 
must he considered to commence about the time of the fall of the 
Western Empire, so that its length to the present day is nearly 
1400 years. The many groups into which this great class is 
divided are so remarkably different from one another that it 
cannot be treated, like the Greek or the Roman series, as a 
whole. It is also impossible to separate the mediaaval and 
modern coins, either in the entire class, because the time of 
change varies, or in every group, since there are usually pieces 
indicative of transition which display characteristics of both 
periods. The clearest division is, to place the Byzantine coin- 
age first alone, and to consider the rest of the class as possess- 
ing a kind of general similarity, though of the widest sort. 

The Byzantine money is usually held to begin in the reign Byzantine 
of Anastasius, a.d. 491-518. The coinage is always in the empire, 
three metals, but the silver money is rare, and was probably 
struck iu small quantities. At first both the gold and the 
silver are fine, but towards the close of the empire they 
are much alloyed. The types, except when they refer sim23ly 
to the sovereign, are of a religious, and consequently a Chris- 
tian character. This feeling increases to the last. Thus, on the 
obverse of the earlier coins the emperors are represented alone, 
but from about the tenth century they are generally por- 
trayed as aided or supported hy some sacred personage or 
saint. On the reverses of the oldest coins we have such types 
as a Victory holding a cross, but on those of later ones, a repre- 
sentation of our Saviour or of the Virgin Mary. Subsequently 
some allegorical religious types are introduced, as that of the 
Virgin Mary supporting the walls of Constantinople. The prin- 
cipal inscriptions for along period almost invariably relate to 
the sovereign, and express his name and titles. The secondary 
inscriptions of the earlier coins indicate the town at which the 
piece was struck, and, in the case of the larger copper pieces, the 
year of the emperor’s reign is also given. From about the 
tenth century there are generally two principal inscriptions, 
the one relating to the emperor, and the other to the figure of 
our Saviour. The secondary inscriptions at the same time 
are descriiDtive, and are merely abbreviations of the names or 
titles of the sacred personages near the representations of 
whom they are placed. From the time of Alexius L, Com- 
nenus, the principal inscriptions are almost disused, and de- 
scriptive ones alone given. These are nearly always abbre- 
viations, like the secondary ones of the earlier period. The Ian- * 
guage of the inscriptions was at first Latin, with a partial use of 
Greek; about the time of Heraclius, Greek began to takeitsplaco 
on a rude class of coins, probably local \ by the ninth century 
Greek inscriptions occur in the regular coinage ; and at the time 
of Alexius I. Latin wholly disappears. The Greek inscriptions 
are remarkablefor their orthography, whichindicates the changes 
of the language. Of the art of these coins little need be said. 

It has its importance in illustrating contemporary ecclesiastical 
art in the East, but is generally inferior to it in both design 
and execution. The denominations, except those of the gold 
money, present matter for careful inquiry, little that is definite 


^ The beautiful bust in the British Museum, usually called that of Clytie, probably represents a Roman lady of the early days of the empire. 
That it is the work of a Graeco-Roman artist, and— whether meant to be an ideal subject or not — the portrait of a R^an lady, admits of jjo 
douht. In time it must be, judging from its style, of the first centnry of the Christian era; and the manner in which the is worn poin^ to the 
earlier part of that period. The lady represented may be only a private person, but the excellence of the work m akes it far more probable that 
she is of an imperial family. On a comparison with the coins, it will be noticed that the head hears a great resemblance to that oi Antonia, with 
whose character the simple modesty of its expression, unexcelled in portrait-sculpture, would well accord. That Antonia is represented on 
of these coins as Ceres or Prosdrpine, agrees with the eoneeit of the seulpior^-whH) has made the bust to spring from a fiower* 
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Mediaeval Baving been ascertained respecting tBem. The chief ^old 

and Mo- piece was the solidus or which maintained its just 

dern Coins, weight, as established by Constantine, for near 1000 years 
from the reign of Anastasias until the latter days of the Em- 
pire of the East, and without diminution of purity except dur- 
ing the time of disaster that closed this long period, its cor- 
ruption commencing under the Comnenian princes. This 
accuracy rendered the solidi famous in the commerce of Europe, 
so that they were the principal gold pieces, not alone of the East 
but of the West also, before the issue of florins and ducats by the 
cities of Italy. The smaller gold pieces were the half and third 
of the solidus, as in the late Roman coinage, hut after a time 
they were both disused, and the solidus was alone issued. 
In the eleventh century the solidus begins to be struck in a very 
concave, or rather a cup-shaped form ; and this kind soon sup- 
planted the old flat coin, and continued to the taking of Con- 
stantinople. The silver and copper pieces take the same shape, 
but not so consistently. These concave coins are termed 
nummi seypliati. The silver money of Justinian I. has more 
denominations than that of the close of the Western Empire, 
but they are not satisfactorily determined and identified. In 
the reign of Heraclius, in a.d. 615, a large silver piece, weighing 
six grams, and therefore called a hexagram^ was issued ; its 
weight is about 105 grains. During the eleventh century con- 
cave silver pieces were issued, as well as flat and somewhat thick 
ones of a smaller size and lesser w^eight. The Byzantine copper 
money falls into two great classes, the first commencing under 
Anastasius and ending under Basil I., and the other beginning 
under Leo VI. and extending thence to the close of the 
empire. The former class is distinguished by the coins 
bearing numerals indicative of their value. It follows three 
systems,— that of the empire generally, that of Alexandria, 
and that of Carthage. The unit was the coin called 
or As WTO!/. Under Justinian I., or about his period, we 
observe coins of the empire generally, with on the reverses 
the following indexes of value : — M, K, I, E, A, T, B, and 
A, or 40, 20, 10, 5, 4, 3, 2, and 1, nummia; the Latin equi- 
valents-of certain of these being given on some coins, chiefly 
of western mints, and the index XXX also occurring without 
a Greek equivalent. Anastasius, in a.d. 498, reformed the 
copper coinage, and struck pieces with the index occupying the 
greater part of the reverse, and having beneath it the abbre- 
viated name of the place of issue. Justinian I. added, in the 
coinage of his twelfth year, a.d. 538, the regnal year. The 
weight of this copper money presents extraordinary variations, 
which indicate the condition of the imperial finances from year 
to year. There is, as might be expected, a decline which is 
constant, although irregular. The Alexandrian coins com- 
mence under Anastasius, and terminate with the capture of 
the city by the Muslims. They have two denominations, 
marked respectively IB and S, as containing 12 and 6 nummia, 
the former of which forms the great bulk of the copper money, 
and maintains its weight with tolerable accuracy. Some of 
these pieces of the reign of Heraclius, struck while his sons 
Heraclius Constantinus and Heracleonas were associated with 
him, have the double index IB and M, a circumstance ex- 
plained by the depreciation of the copper money of the empire 
generally, while that of Alexandria retained almost its just 
weight. There is an isolated Alexandrian coin of Justinian I., 
with the index AT (33), of great rarity: it was probably 
issued as an experiment, and never subsequently struck. The 
monetary system of the Vandals at Carthage is an offshoot of 
the Byzantine. It probably lasted from the accession of Hu- 
neric to the capture of the city and dethronement of Geliraer ; 
but the pieces hearing indexes of value have no sovereign’s 
name. The indexes are XLII, XXI, XII, and IIII. The sys- 
tem must be regarded as a double one, comprising a piece of 42 
its half, and one of 12 and its third, the relation of all be- 
ing,^ if we take the piece of 12 as the unit, for the sake of con- 
venience, 3*5, 1*75, 1, and *33. Under Basil I. there was a 
reform, and larger copper pieces were issued. The second 
class of Byzantine copper coins begins under Leo VI. The 
denominations are at first evidently the same as those of the 
preceding class. 

Besides the regular series of the Byzantine Empire, in which 


we include the money assigned to the Latin emperors of Con- Medieval 
stantinople, there are several groups connected with it, either and Mo- 
by their similarity, or on this account, and also because the deni Coins, 
sovereigns were of the imperial houses. The former of these 
two classes comprehends the money of the Ostrogoths struck . 
in Italy, that of the Vandals in Africa, and that of the Visigoths zantbr 
in Spain. The last series is wholly of gold pieces, which, not- groups, 
withstanding their barbarism, are of interest, as showing the ° ^ ‘ 

wealth of the kingdom. The latter class comprises the money 
of the emperors of Nicsea, of Thessalonica, and of Trebizoncl. 

The last group consists of small silver pieces, which were prized 
for their purity: they were called Comnenian aspers {u<r7!r^» 
the princes of Trebizond having sprung from the 
illustrious family of the Comneni. (The best work on the 
Byzantine coinage generally is M. de Saulcy’s Essai.^ The 
Letters of the Baron Marchant^ contain much that is valuable ; 
and the treatise of M. de Pfaffenhoffen on the coins of the 
empire of Trebizond® should also be consulted.) 

The class comprising the rest of the media3val money may Other me- 
now be generally described, before we briefly notice its several di^val 
divisions with their modern continuations. The oldest of these coins, 
coins are imitations, more or less barbarous, of the late Roman 
and early Byzantine money. They are usually of gold, and 
represent the solidus and its divisions. In Italy, where much 
of the civilization and art of the Romans yet remained, the 
coins of the Lombard kings of Italy and dukes of Benevento 
are not greatly inferior to the contemporary coins of the 
Greek emperors. In France, the Merovingian sovereigns 
struck pieces which are sometimes even more faithful imita- 
tions than these. Britain, most completely cut off from civi- 
lization after the departure of the Romans, first issued bar- 
barous and blind imitations of the smallest Roman copper 
coins latterly in circulation, and then little silver pieces, 
with types sometimes of the same origin. In Spain, the gold 
money of the Visigoths, already mentioned, is in its general 
character similar to that of the Merovingian kings of France. 

A little before the commencement of the German Empire a 
new class of coins began to be issued, mainly consisting of 
two denominations,— the denier, of silver, derived from the 
denarius; and its half, theobole, which was first of silver, but 
afterwards of billon, and took its name from the obolus. 

These pieces rapidly supplanted the gold currency, although 
the imitation of the solidus, called the sol d^or or soldo d^ovo^ 
and its divisions, continued to be struck in France and Italy. 

The characteristic money of the middle ages begins with these 
coins. Though we still perceive the influence of Roman ideas, 
the effect of a new sj^stem is apparent, not alone in the types of 
many of the pieces, but in the extension of the right of coin- 
age. The principal coins of this class are of the German Em- 
pire, of France, of the Scandinavian states, and of England, 
and commence about the middle of the eighth century, lasting 
until the revival of art. Except in the empire, the denier 
was almost exclusively struck, and known as the penny or 
sterling. The coins were issued not alone by the emperors 
and kings, but also by the ecclesiastical princes and lords ; and, 
except in England, where the right was almost always more 
restricted, by the feudal lords and the heads of religious houses. 

The most common types of imperial and regal coins are, for 
the obverse the bust of the sovereign, and for the reverse what 
is commonly termed a Greek cross, varying in form, accom- 
panied respectively by the royal name* and titles, and the 
name of the place of mintage, or of the moneyer, or both. 

The feudal lords and the ecclesiastics gradually adopted badges 
or distinctive types, those of the former being of a rude heraldic 
character, those of the latter having a religious meaning, though 
with a necessary local reference. The religious types also occur 
on the coins of sovereigns when struck at cathedral towns. 

Towards the close of the twelfth century the singular pieces 
called hracteates appear. They were issued in Germany, and 
seem to have been extremely common during the thirteenth and 
fourteenth centuries, after which period they ceased. They 
are coins of silver or billon, sometimes large, but very light, 
and bearing a single design, usually of very barbarous work. 

From their extreme thinness, they have the appearance of 
tinfoil impressions of coins. They often do not bear even a 


^Buai de ClotssiJUation. des Suites Monetaires Byzantines, par F. de Sauloy, 8vo, Metz, 1836 (with a volume of plates). 
a Boffon Marchmb sur la Numimatique et VHistme, nouvelle 6d., 8vo, Paris, 1851. 

Essai «Mr Us u^zpres Comnfmts, ou Bhnct Argent, de Tr^monde, par F. de Pfaffenhoffen, 4to, Paris, 1847. 
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ediaeval single letter, and rarely a full inscription, and there is there^ 
ind Mo- fore frequently inucli difficulty in ascertaining their proper 
rn Coins, attribution. During the time of the bracteates civic coins 
commence, issued by imperial cities, or free cities, or by 
corporations of towns under ecclesiastical or feudal lords. 

The first pieces which display any excellence in art are 
those of Italy, struck for the emperor, or for the various states, 
in the time of Frederic IL That sovereign’s Italian money 
affords remarkable evidence of the revival of art ; but we do 
not see as great an advance in other countries. From this 
time, however, or not long afterwards, until the early days of 
the sixteenth century, there is a constant progress everywhere, 
and the coins, although they scarcely add to our historical 
knowledge, are interesting as works of art. The denomina- 
tions of both gold and silver money are very various, and 
some have several appellations in different countries when 
there is not a sufficient change of weight, style, or appearance to 
justify their being so separated. The basis of all the systems 
is, however, to be traced to the commercial cities of Italy, 
from the florins and ducats of which, the former either of gold 
or silver, the principal coins of other countries were derived. 
In the middle of the fifteenth century medals commence, and 
for about a hundred and fifty years are frequently of high 
merit and interest. It may be mentioned that the mediaeval 
silver coinage is on the whole the most important, the gold 
almost failing from the time of the decay of Roman influence 
until that of the revival of art, and the copper being much 
neglected, and sometimes altogether abandoned, until near the 
close of the middle ages. 

It is not necessary to speak at any length of the general 
, characteristics of the modern coins and medals of European 
states and their colonies. In all that is technical, as in the 
preparation of the metals, the convenience of the form, and 
the mechanical execution, the moderns have far surpassed 
their predecessors ; but in the beauty and meaning of the types 
they are at as great a distance below them, and immeasurably 
below the Greeks. The French medals of the first Napoleon 
are alone in the least comparable with the earlier pieces of the 
same kind. We will not here enumerate the denominations ; 
but it may be noticed that the sovereign and the dollar, 
sometimes yielding to the shilling, which may be termed 
its quarter, all with various appellations, but little difference 
of weight, are the principal gold and silver coins of both 
hemispheres. 

Art, It would be interesting, had we space, to notice fully the 

art of this entire class, to examine its growth, and to trace its 
decline, but, as with that of Greek and Roman coins, we must 
limit ourselves to the best period. This is a space of about a 
hundred and fifty years, from the middle of the fifteenth cen- 
tury to the close of the sixteenth. The numismatic art of this 
time may not unworthily be placed by the side of its sculpture 
and its painting. Not alone have some of its medallists taken 
honourable places in a list where there was no room for 
ignoble names, but to design medals was not thought an un- 
worthy occupation for the most famous artists. There are, as 
we should expect, two principal schools, the Italian and the 
German. The former attained a higher excellence, not alone 
as possessing a finer style, but one especially adapted to coins 
or medals. The object which the artists strove to attain was 
to represent a head, or to commemorate an action, in the best 
manner possible, without losing sight of the fitness of the 
designs to the form and use, real or imaginary, of the piece 
on which they were to he placed. For the successful attain- 
ment of this purpose, the style of the later pre-Raphaelites 
was eminently suited. Its general love of truth, symmetrical 
grouping, hard drapery, and faithful though cold portraiture, 
were qualities especially fitted to produce a fine portrait and a 
good medal. The less sculptural and more pictorial German 
art was not so suitable to numismatic designs. The por- 
traits of the German coins and medals are often more charac- 
teristic than those of the Italian, and the groups have some- 
times greater expression ; but both are less appropriate. They 
show also too great a profusion of detail, by which the effect 
of the boldness of the outlines is frequently lost; yet they 


display great originality and vigour, and will reward an atten- Mediaeval 
tive study. Both these schools, but especially the Italian, and ^lo- 
afford the best foundation for a truly excellent modern me- dern coins, 
dallic art. The Greek and Roman coins are rather to be 
studied as examples of art in general than of this especial art, 
although they supply the most useful suggestions. To copy 
for a modern piece the design of a Greek or Roman coin is 
as inappropriate as it is to represent an English general in 
the garb of a Greek hero in one place, and in that of a Roman 
statesman in another. The finest coins and medals of Italy 
and Germany have an object far more similar to that we seek 
to fulfil in our own, and their nearness in time makes many 
details entirely appropriate. Thns, without blindly imitating 
them, our artists may derive from them the greatest assistance. 

(The most useful works on mediaeval and modern coins 
generally are, Appel’s Repertorium the treatises of Mader® 
and Lelewel;® and, for current money, the Encyclopedia 
MonUaire.^) 

We do not purpose to enter in any detail into the various 
divisions of the subject we have treated in its main outlines. 

The questions that would require consideration are of two com- 
plicated and technical a nature to be illustrated in the present 
essay within any reasonable limits : our endeavour will there- 
fore be merely to indicate the principal matters of inquiry, and 
the most serviceable books for the student’s use. 


The money of Portugal is regal, and not of great interest. It Portugal 
affords indications of the wealth and commercial activity of the and Spain, 
state in the early part of the eighteenth century. There is no 
special work upon it. The coinage of Spain is, almost without ex* 
ception, regal, but a more curious class than that of Portugal. The 
coins of the early contemporary kingdoms, such as those of Arra- 
gon, and of Castile and Leon, are especially worthy of examina- 
tion. We may mention, as of a very peculiar character, a large 
gold piece in the coinage of the latter state, called the JDohla de la, 

Vanda, from its bearing the shield of the famous order of knight- 
hood of the Vanda or Band. Of this there are examples assigned 
to J ohn I. (1379-90) and J ohn 11. (1406-64). The money of the sole 
monarchy is less worthy of notice. The city of Barcelona is re- 
presented by coins bearing the names of various kings, except in 
the case of those issued at the time of the Peninsular war. The 
medals of Spain are not important. (There is no complete work 
on mediaeval and modern Spanish money, but the catalogue of M. 

Gaillard, referred to in speaking of the ancient coins of Spain, will 
be found of service in this department also.) 

The coinage of France forms a large series. It begins with the France, 
money of the Merovingian dynasty. This consists almost wholly 
of gold pieces, imitated from those of the late Roman and By 2 an- 
tine rulers, as already mentioned, the chief denomination, in com- 
merce being the tremissis, or third part of the sol d’or (solidus). 

The coins are rare, and bear either the names of a king and city, 
or of a moneyer and city. They are of different degrees of bar- 
barism in their art. Under the princes of the Carlovingian dynasty 
the principal coins are deniers, and after a time oboles also, gold 
money being extremely rare. They bear the name of the king and 
that of the city where they were struck, and have a more original 
character than the earlier pieces, although they are still barbarous. 

The money of the Capetian house commences wdth coins like those 
of the line preceding it. By degrees the coinage improve?- In 
the thirteenth century gold pieces were issued. There are several 
denominations of these and of silver coins, but to some different 
names are applied for various types with the same weight, as the 
dmier Parish of Paris, and the dmier Tournoia of Tours. At the 
time of Philip VI. the coins are fine. The modern coinage may be 
considered to commence under Henry II., whose portrait is of good 
work. During this period there is no very remarkable feature in 
the current money, except the occurrence in the seventeenth cen- 
tury of the pieces of the sort termed pied fortf which we m ust re-* 
gard as a kind of patterns. The seignorlal coins of France are,, 
during the middle ages, of considerable importance, though inferior* 
to the similar classes of German and Italian money. The medal® 
are far more interesting than the modern coins. Their interest 
gins in the age of Louis XIV., but they take a fresh character under 
the first republic and the reign of Napoleon I. Almost every greart 
event, from the beginning of the power of the emperor until hr® 
fall, is worthily commemorated in this series, unequalled in its class 
for extent, completeness, and excellence. The designs, notwithy 


^ AppeVs Repertorium zmr MmzJcunde des MitteTakm wnd der neiiern parts in 7 vols. 8vo, Pesth, 1820-22; Wien, 1824rl829. 

* EritucM Beytrdge zur Muvizhmde des Mimhlters, von Joseph Mader, 6 vols. 8vo, Prag, 1803-1813. 

* JSfimdsmiUque du Moyen-^Age, coimderee sous h Rapport du Type, par J. Lelewel, 3 vols. 8vo, Paris, 1835, and vol. of plates, &o. ^ i 

* Encyclopidie Monitaire, m Nouveau Traite des Monnaies d*or et d*argmt en circulation^ &o., par A. Bonneville, foL, Paris, 1849. 
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I^Iecliseval standing that mannerism which appears to be essential to modern 
and lilo- French art, are vigorous in drawing, and executed with great care 
dern coins, shill. The intention of each subject is well carried out, if we 
V ^ J make the same allowance as before for national peculiarity of feel- 
ing • and ec[ual success is shown both in realistic representation 
and in idealistic composition. No other series of medals is at all 
to be compared to this, although individual specimens of the me- 
diaeval period struck both in Italy and Germany are of a far 
higher st^’ls, more original, more vigorous, and altogether grander 
both in the idea of the artist and the form which he has given it. 
(The numismatists of France, especially of late, have displayed a 
most praiseworthy diligence j so that we cannot indicate a tenth of 
the useful treatises they have produced. On the regal coinage the 
works of Le Blanc, ^ and Foug^res and Comhrouse,^ must he men- 
tioned ; on the seignorial, that of Duhy f and on the Napoleon 
medals, as we may term them, the volumes devoted to this subject 
in the series entitled TrUor de Numismatique et de GlyptiqueA) 
England. The English coinage, as before mentioned, commences with two 
uncertain classes, which, wherever struck, certainly formed the 
currency of the country during the interval from the departure of 
the Romans, about a.d. 450, until the issue of money with royal 
names by the Saxon kings, a practice which cannot be carried 
earlier than about a century after this event. One of these classes 
consists of imitations of the latest Roman copper money, and the 
other of the small silver pieces to which the name of sceatta is 
applied, having rude types which are sometimes of Roman origin, 
but sometimes original. In all probability the former were first 
issued, and then the latter. The regular coinage commences under 
the Heptarchy. There is money of the kingdoms of Kent, Mercia, 
the East Angles, and Northumbria. The chief coins are silver 
pennies, but sceattas also occur ; and of Northumbria there are 
stycasj which are pieces of a base metal in the composition of which 
copper is the largest ingredient. The most interesting coins of 
this group are those of Offa, king of Mercia ; these are silver 
pennies, remarkable for their quaint designs and their relatively 
careful execution. Of this period, hut extending into the earlier 
part of that of the sole monarchs, there are coins issued by the 
archbishops of Canterbury and York. The money of the sole mo- 
narchs, whether Saxons or Danes, is strictly a continuation of that 
of the Heptarchy : it consists almost wholly of silver pennies, which 
latterly were cut into halves and quarters to form halfpennies and 
farthings. Under the Normans and earlier Plantagenets the same 
coinage continues ; but under Edward III. there is regular gold 
money, of which the chief piece is the noble of six shillings and 
cightpence ; and the silver groat, which supplanted the penny, has 
already commenced. The obverse-type of the noble, representing 
the king in a ship, probably commemorates, as suggested by Ruding,® 
Edward’s victory over the French fleet off Sluys, a.d. 1340. At 
the same time, there is a visible improvement in the art of the 
coinage, which advances until, under the early Tudors, it attains 
its highest excellence, from which, however, it is speedily to full. 
Of Henry VIII. we have gold and silver coins of most existing 
denominations, as well as of earlier ones long since abandoned. 
The finest piece is the sovereign, a large flat coin of gold, hearing 
on its obverse the figure of the king (whence its name) on his 
throne. With Queen Elizabeth the modern money may be held to 
commence, the Gothic character of the types giving place to the 
later and far less beautiful style. The coinage of Charles I. pre- 
sents great varieties, owing to the civil war. The scarcity of silver 
in the royal treasury during the troubles induced the king to coin 
twenty and ten shilling pieces of silver, in addition to the crowns 
and smaller denominations. One of the most remarkable of his 
pieces is a crown struck at Oxford. It hears on the obverse the 
king on horseback, with beneath the horse a representation of the 
town, or rather of its principal buildings, and on the reverse the 
heads of the “ Oxford Declaration.^’ Of equal interest are the 
siege-pieces of many castles famous in the annals of those days. 
The coinage of the Commonwealth is of a plainness proper to the 
principles of those who sanctioned it. The great Protector, how- 
ever, caused to be designed money of his own hearing his head. 
This seems never to have been sent forth, and is therefore put in the 


class of patterns, Simon, the chief of English medallists, designed Mediseval 
the coins, which are unequalled in our whole series for the vigour of and Mo- 
the portrait (a worthy presentment of the head of Cromwell), and the dern coins 
beauty and fitness of every portion of the work. Henceforward there y 
is a decline in the coinage, although skill is perceived in the portrait 
of William III., whose grand features could scarcely have failed to 
stimulate an artist to more than a common effort. Queen Anne’s 
money is also worthy of note, since one of her coins, the farthing, 
has been the cause of an extraordinary delusion. It is commonly 
imagined that a very small number (some say three) of these pieces 
were struck, and that their value is a thousand pounds each, in- 
stead of a few shillings. In consequence, many imitations have 
been forged, and such are constantly brought to collectors by un- 
fortunate labourers and the like, who imagine that they possess 
the greatest numismatic treasure in the world. After this there 
is little to remark, except the baseness of the art of the coins under 
the first three Georges, until the genius of Pistrucci gave a worthier 
form to our currency, which the care and accuracy of Wyon has 
preserved without mere imitation. Besides the regal coinage, there 
is scarcely any baronial money, the class being represented by a 
few pieces, generally at least struck by personages of the royal 
house, and all belonging to the period of the close of the Norman 
line and beginning of the Plantagenet. The English tokens form 
a curious class. They are of two periods : the earlier, which are 
generally of brass, were issued at the middle of the seventeenth 
century and somewhat after ; the later, which are mainly of copper, 
were struck during the scarcity of the royal coinage at the end of 
the last century, and during the earlier years of the present one. 

Both were chiefly coined by tradesmen, and hear their names. 

The medals of England are less important than those of France 
and Germany. Some of those of the Tudors, commencing with 
Henry VXII., are of good style. Those of the period of the JStuarts 
are more interesting than beautiful. During the civil war many 
pieces were struck commemorating the chief men and events of 
that time. The custom continued under the Commonwealth and 
after the Restoration; and there is a curious series of medals and 
what may be termed jetons, relating to the Popish Plot in the 
reign of Charles II. Of a later period are the medals of the two 
Pretenders and their family ; but of our own times little worthy 
of note. The colonial money of England is unimportant until 
lately, when it is not unworthy of the wealth and activity of the 
dependencies. The money struck by the English kings for their 
French dominions forms a peculiar class, mainly French in its 
character, termed the Anglo-Gallic. This may be used to supply 
some gaps in the regal series of England, as, for instance, contain- 
ing money of Richard I., of whom no English coins are known, (On 
the English coinage generally there is the great treatise of Ruding;® 
on the silver money, the very complete and accurate work of Mr 
Hawkins;^ on the Anglo- Gallic coins, Gen. Ainslie’s Essay ;8 on 
the medals, nothing better than the indifferent work of Pinkerton 
and on the tokens of the seventeenth century, a catalogue just pub- 
lished, which entirely meets the wants of the collector.^®) 

The coinage of Scotland is allied to that of England, although Scotland, 
generally ruder; but it seems to have been more influenced in the 
early period from Scandinavia, and towards its close from Prance. 

The oldest pieces are probably silver pennies or sterlings, resem- 
bling the contemporary English money, of the commencement of 
the twelfth century. In the fifteenth and sixteenth centuries there 
is an important coinage, both in gold and silver, not the least in- 
teresting pieces being those of Queen Mary, many of which hear 
her portrait. The indifferent execution of the coins of this period 
is traceable to the disturbed state of the kingdom. (On the coinage 
of Scotland there is the old work of Cardonnel,ii and the later one 
of Mr Lindsay .^2) 

The money of Ireland is more scanty and of less importance than Ireland, 
that of Scotland. The pieces most worthy of notice are the silver 
pennies of the early Norse kings. Of later times there is little that 
is interesting,^ except the coinage of James II. during his attempt 
to maintain himself in the island. (Mr Lindsay has written a work 
on the Irish coinage.^®)- 

Belgium occupies the next place in our arrangement. Its Belgium 
— and Hol- 
land. 


J Traits Sistorique des Monnoits de France, par M. le Blanc, 4to, 1690. 

j^enjoiton complete et mhonnee des Monnaies de la 2^^ Eaqe RoydU de France, par F. Fougires et G. Oombrouse, fol . Bari's 1837 • 1 SIR 

I -Sfonwoies des Barons, par M. P.-A. Tobiesen Duby, 2 vols. 4to, Paris: 1790. morouse,ioi., i ant, ibd7 , buppl. 1838. 

Par^ ma ^ Framam (1789-1804), fob, Paris, 1836 ; Go Won des MUaifks de VEmpvre Franr^aU et de VJSmpcreur Napoleon, fob, 

Amak of the Coinage, vob i., p. 219. 

1^86. ’ “ Btsottuh Coimge from the Meign of WHUam tU Hon to the Union, by Adam de Cardonnel, 4to, Edinburgb, 

^ A View of the Uoimgeof SmUmA, by Joha Idndsay, 4to, Cork, 1845, « A Tieie ofihe Coinage of Ireland, by John Mndsay. 4to, Cork, 1839. 
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Switzer- 

land. 


Italy. 


Sledlffival coinage comprises many pieces struck by foreign rulers, and has 
and Mo- I’^ttle of an independent character, either in the regal or seigneurial 
dern Coins. It closely resembles the money of France and Germany. 

, ^ j The series of Holland is similar in character until the period of the 

revolt of the Provinces. The medals are highly interesting, more 
especially those \\hich were struck by the Protestants in comme- 
moration of current events, many of which relate to the great 
contest ■with Spain. Such are the pieces recording the raising of 
the siege of Leyden, likened to the destruction of Sennacherib's 
army; the assassination of William the Silent; and the discom- 
fiture of the Armada; affording striking indications of the zeal, 
the piety, and the confidence in the right which built up the great 
political structure of the Dutch Republic. After this time the 
medals lose much of their interest. (Among the many works on 
the coins of the Netherlands and Holland, we must specify that of 
Van der Chijs.^) 

The money of Switzerland is of considerable importance, chiefly 
during the early period of its independence. The coins of both 
cantons and towns bear their ancient shields, drawn at first with a 
vigorous grotesqueness. There are also pieces of ecclesiastical 
lords, and others having the right of coinage in particular cities or 
districts. (The general works on German coinswill be found to 
treat of those of Switzerland also, hut we must mention the special 
essays of Haller^ and Dr H. Meyer.®) 

The coinage of Italy during the mediaeval period is alone rivalled 
by that of Germany, which, moreover, it excels in some respects. 
First in Italy the revival of art influenced the coins, and in Italy 
each step of advance found in them its record. The oldest mediaeval 
Italian coins are gold pieces of the Lombard kings of Italy and of the 
dukes of Benevento, occupying, as already mentioned, very much 
the same position in relation to the late Roman and the Byzantine 
money, as the earliest coins of Spain and France. The series of the 
kings of Italy is taken up by that of the emperors of Germany, 
which forms a remarkable class, especially as indicating the excel- 
lence of art here at a time when to the rest of Europe it was almost 
unknown. The great republics are worthily represented, their 
coins attesting by their purity, and the influence they seem to have 
exerted, the commercial energy of the states. Of Venice there is a 
long series, for the chief part bearing the names of the doges. 
Florence contends with Venice in the extent and purity of her 
coinage. Her florins of gold were for a great period as famous in 
European commerce as the gold ducats and silver matapans of her 
rival. The types of the florins —the lily of Florence, and the Bap- 
tist — were copied by the feudal lords of more northern lands, to 
the swamps of Holland and the shores of the Atlantic; the designs 
of the matapans — one of which, the doge receiving the gonfalone 
from St Mark, was yet more distinctive — were adopted by the half- 
barbarous tribes whose territories were the fighting-ground in the 
long contest of the German and the Turk. The medals of Florence, 
■which are anterior to the time of the dukes, or those issued by 
them, not to omit the works of Florentine medallists which are not 
otherwise connected with their native state, are among the chief 
monuments of the numismatic art of Italy. The chief value of 
these medals lies in their hearing admirable portraits of persons of 
celebrity. Passing southwards, the series of Rome is of the highest 
historical and artistic value. It is for the greatest part struck by 
the popes, of whom there are both coins and medals. The later 
pieces commemorate the events of each reign, and are, as might be 
expected, of high excellence in style, although, from the excessive 
fondness of the artists for allegory, they are generally ■wanting in 
simplicity, and do not directly seize the attention. Another fault 
is partiality without invention or vigour. We may instance the 
medal of Gregory XIII. recording the Massacre of St Bartholomew, 
both for its reverse- type, an angel slaying the Huguenots, and the 
inscription VGONOTTORVM STRAGES. Far superior is the 
satire of some of the medals of the Dutch Protestants, and the dig- 
nity of others. Since the seventeenth century, few papal medals 
have been struck that are entitled to even moderate praise ; those 
of the present day are beyond measure poor and weak. We must 
also mention the money of Naples, especially the oldest, which is 
of its strong Norman princes, who, supplanting the Arabs in Sicily, 


at first there struck their coins with legends partly or wholly in Mediseval 
Arabic characters, while on the mainland they issued the ordinary and Mo- 
money of the day. Many other groups might be mentioned, as the dern Coins, 
coins of the Visconti and Sforza families of Milan, of the D’Este ^ 
of Ferrara, and many more houses great in their love of arms and 
in their protection of art. (The coinage of Italy is amply illus- 
trated by excellent essays, mainly of the last century. We must 
particularize those of Argelati,^ Zanetti,® Bellini,® Carli-Ruhhi,’and 
Fioravanti.®) 

The money of Germany is, like that of Italy, far too various for Germany, 
us to he able to do more than sketch some of its main features. It 
comprises three great classes, — the coinage of the emperors, that of 
the electors, and that of the smaller princes, the religious houses, 
and the towns. The imperial money, oven when limited to what 
is strictly German by the exclusion of pieces struck in France and 
Italy, forms a very large series. Its chief characteristics are the 
same as those of the other great medimval classes, except that, until 
near the close of the middle ages, it is considerably backward in 
its art. At this time its portraits are very characteristic, as well as 
the current coins as on the medals and the douhle-dollars, which are 
virtually medals. Of especial excellence is the medal of Maximilian 
I. and Mary of Burgundy, struck on their marriage; and the still 
finer medal of Maximilian, bearing on its obverse the emperor on 
horseback, fully armed, and said to have been designed by Albert 
Diirer, of whose hand it is not unworthy. The coinage of the 
archbishops of Cologne is a remarkable series. In the earlier 
period it bears representations of the cathedral, as is not unusual 
on ecclesiastical money of the time. The coins of Mayence, although 
they yield to those of Cologne in number and importance, form a 
large group. Of the dukes of Saxony there are fine dollars, which, 
at the period of the Reformation, bear vigorous and characteristic 
portraits. Of Treves there is another curious class, resembling that 
of Cologne. Besides these, there are very numerous bracteates and 
later pieces of temporal lords, of bishops and abbots, and of cities, 
some of which are free. (The treatises on this branch are many 
and excellent. We must specify those of Joachim® and Cappe,^® 
besides remarking that the general works of Mader and Appel, 
before mentioned, give very large information on German money.) 

The coins of the Scandinavian states — Denmark, Norway, and Denmark, 
Sweden — are almost wholly regal. There are a few civic pieces, but Norway, 
the ecclesiastical bracteates assigned to this group are probably and Swe- 
for the most part of Northern Germany. The regal money of these den. 
states is closely connected. In the earlier period it resembles the 
English and Scottish coinage, although with a national character of 
its own ; afterwards it is more like that of Germany. There are 
some medals of historical interest. (This branch has not received 
the attention it merits, and there is no complete essay upon it. 

The great Danish work on medals, however, will be found to con- 
tain very full materials.^^) 

The coinage of Russia is mainly of the modern period, and, until Russia, 
comparatively recent times, shows a remarkable degree of barbar- 
ism. The medals are of no intrinsic merit, their sole value being 
historical. Both coins and medals are regal, except such of the 
former as were struck in cities now included in iiussia, while yet 
under Sweden. (The work of Baron de Chaudoir will be found to 
give a good account of Russian money .’•2) The coins of Poland are 
mainly of the kings, and resemble those of the Hungarian king- 
dom. Of the states between Germany and Turkey there are inter- 
esting coins. The kingdom of Hungary and the principality of 
Transylvania are each represented by an important series,thatof the 
latter comprising large and remarkable gold pieces of the sixteenth 
and seventeenth centuries. There are early coins of the patriarchs 
of Aquileia, and of the kings of Servia, The money of the Turkish 
Empire is of the oriental class, but there are many coins struck by 
Christian states in its present territories. This class may he called 
that of the Crusaders, comprising money of the princes of Achaia, 
and the dukes of Athens, in Europe ; and of the kings of Cyprus 
and Jerusalem, the princes of Antioch, and the counts of Edessa 
and Tripolis, in Asia, This is very similar to the contemporary 
mediaeval money, A kindred series is that of the knights of Rhodes 
and Malta, which bears testimony to the wealth and power of that 


^ uitgegeven door Teyler*s Tweede Genootschap, 4 vols. 4to, Haarlem, 1851-5. 

® Schweizerisches MUnz-und MedaiUenkdbinet heschrieherij von G. E. von Haller, 2 vols. 8vo, Bern, 1781. 

® Die Bracteaten der Schweiz, &c., von Dr H. Meyer, 4to, Zurich, 1845. 

^ De Monetis Italics Variorum lUustrium Virorum Ikssertationes, &c., P. Argelatus collegit, &c., 6 vols. fol., Med, 1750-1759, 

® Nuova BaccoUa, delleMonete e Zecche d^Italia, di G. A. Zanetti, 5 vols. 4to, Bologna, 1775-1789. 

® F. Bellini de Monetis Italics Medii JEvi Dissertatio, 4to, Ferrariae, 1755 ; Altera Dissert., 1767 ; Postrema Dissert,, 1774; Kovissima Dissert, 1779. 
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Oriental illustrious order. (We must mention, in illustration of this group, 
Coins. M. Be Saulcy’s account of the money of the Crusaders. ) 
v j Respecting the coinage of America it is needless to enter into 

. ^ detail. Neither the money of the Spanish and Portuguese depen- 

Amenca. of the later states, nor that of the English colonies and 

the United States, present much that is worthy of note. The coin- 
arre resembles that of the parent countries, hut is of coarser work. 
The dollar is the chief denomination. There are some coins of 
historical value, as those with the portrait of the Mexican emperor 
Aurrustin ; and in the north, Lord Baltimore’s pennies. (The Ency- 
clopedie Monetatre, before mentioned among general works, wiU be 
found to be of great use in this branch.) 


Sect. VI— ORIENTAL COINS. 

Oriental coins are of two great classes, the Pagan and the 
Mohammadan. (On loth, classes the great work of Marsden 
should be consulted.^ The first division is separated into the 
coins of the Persian Empire, the Parthians,and the Sassanians; 
of Bactria, and of the Hindus ; and into those of transgan- 
getic India, China, and Japan. 

Persian The Persian coins probably range from the commencement of the 
imperial reign of Cyrus, or his capture of Babylon, to the overthrow of the 
coins. empire by Alexander the Great, a period of about two centuries. 

The only pieces we can positively attribute are of satraps of the 
later kings. There can be no doubt, however, that we possess 
specimens of almost every reign, except the very short ones, from 
that of Cambysesj to which, if not to that of Cyrus, the oldest coins 
must be referred, from their style. The metals are gold and silver, 
the latter being that of the great hulk of the coinage. The form is 
* usually flat and very thick. The types are of no great number. 
The main principle on which they were selected was a desire to 
honour the sovereign, which, if we recollect the worship the Achae- 
menian kings received, is not greatly different from the religious 
feeling of the Greek coinage. The chief observe-types represent 
the king in a chariot, sometimes hunting the lion, or as an archer 
drawing his bow. This personage is not, however, to be supposed 
in any case to be the reigning king, but rather the King of Persia 
in a kind of abstract sense. As a reverse to these types we notice 
occasionally a city or a galley. The money of the satraps is some- 
what more Greek in its character, although it has among its types 
the representation of a king or satrap, that of a city, and the eastern 
device of a lion seizing a bull, and the like. The undoubted regal 
coins have generally no inscription whatever. Some, seemingly of 
this class, though they are perhaps of satraps, bear Phcenician cha- 
racters, apparently the beginning of a name in one case, and in 
another, various dates. The coins of satraps have Phoenician in- 
scriptions, usually giving the name of the person who issued the 
money, and that of the divinity of the place where it was struck. 
The art of this class of coins is not remarkable ; it is at flrst similar 
to. contemporary Greek art, and generally maintains, at least in 
some degree, its original conventional stiffness. There is one ex- 
ception to this character in a beautiful coin attributed to Cyrus the 
Younger, to be soon mentioned, but this is in all respects a Greek 
piece, though evidently struck for a Persian king or usurper. The 
Persian coins are adjusted to the Phoenician talent. The principal 
denomination of the gold is the daric or daric stater. The chief 
silver coin is a third of the tetradrachm, a denomination which is 
not uncommon ; and there are also octodrachms, as well as smaller 
pieces. 

Coins of We will notice some of the principal coins, first of the kings, 
the Persian fben of the satraps, in chronological order, as far as this is 
kings and practicable. The oldest Persian pieces are probably certain octo- 
satraps. drachms of very early work. They hear on the obverse a galley 
beneath the walls of a town, and on the reverse the king in 
his chariot engaged in a lion-hunt. These can scarcely he later 
than the age of Cyrus or Cambyses ; and it is most reasonable to 
suppose them to have been struck at Tyre. Next in time to these 
we would place the pieces with semi-Egyptian types, having on the 
one side an owl with a crook and flail, like the representations of 
sacred hawks, and usually on the other a king or divinity 
riding, upon a kind of sea-horse. The latter is sometimes the ob- 
verse-type. These we take to he the coins of Aryandes, satrap of 
. Egypt, whom Herodotus relates to have been put to death by 
Darius Hystaspis for striking silver money ; but they may perhaps 
he reg?.! pieces. After these may be placed the gold darics and the 


silver pieces of the same type, and two-thirds of their weight, with Oriental 
the figure of the king, usually as an archer kneeling, on the obverse, Coins, 
and with an irregular incuse type on the reverse. These, or at v ^ 

least the gold coins, appear to have been current as late as the time 
of Artaxerxes Mnemon. To this reign we may assign, on strong 
evidence, a most remarkable coin, bearing the portrait of a Persian 
regal person on the obverse, and on the reverse a lyre, with the in- 
scription BA2IA. This is assigned by IM. de Longperier to Cyrus 
the Younger ; and we accept his attribution as highly probable. 

Of the money of the satraps we may particularize the coins of 
Pharnahazus and Tiribazus, and those formerly attributed to 
Bernes, but given by Mr Waddington to the celebrated Datames. 

(The best work on the ancient Persian money is that of the Due de 
iuynes on the coins of the satraps.^) 

After eighty years of subjection, first to Alexander and his sue- Parthian 
cessors, and then to the earliest Bactrian kings, the Persian power coins, 
was restored by Arsaces. With him the Parthian series of coins 
commences. This consists mainly of silver money, though there are 
also copper pieces. It shows markedly the influence of the Greeks, 
having inscriptions in their language, and its reverse-types derived 
from their coinage. The obverses bear the sovereigns’ busts, which 
in the earlier pei'iod are often well executed. The denominations 
appear to he wholly of Greek origin. The Parthians were sue- Sassanian 
ceeded by the Sassanian princes. This line issued a more oriental coins, 
coinage than their predecessors, bearing on the obverse the king’s 
bust, usually wearing a very large and elaborate head-dress, and 
on the reverse the sacred fire-altar. The attachment which Arde- 
shir, the founder of this dynasty, bore towards the fire-worship, 
established this national reverse-type, which endured during the 
four hundred years that his house held the sovereignty. The Sas- 
sanian money is chiefly of silver ; gold pieces are very rare. (On 
the Parthian coins the work of Mr Lindsay* should be consulted ; 
on the Sassanian, M. de Longperier’s treatise.®) 

The Bactrian coins form an important link between the money Bactrian 
of the West and that of the East. They were issued by the princes coins, 
of one of the dynasties founded on the ruins of Alexander’s em- 
pire, in so distant a territory that its very existence was scarcely 
known until the discovery of the coins. This kingdom was estab- 
lished B.c. 256, in the reign of Antiochus II., king of Syria, by the 
defection of Diodotus, governor of Bactria. The coinage of this 
first sovereign evidently follows that of the Seleucidss in types and 
inscriptions, and, so far as the silver is concerned, in weight also ; 
and the principal money of the subsequent rulers is of the same 
kind, although showing decay in its art. Under Agathocles, how- 
ever, who seems to have been the successor of Diodotus, and cer- 
tainly cannot have reigned much later, we observe the commence- 
ment of a peculiar class of coins, consisting of square copper pieces, 
bearing on the one side a Greek inscription, and on the other an 
Indian-Pali legend. The occurrence at this early period, in the 
midst of a Greek coinage, of pieces of a form unknown to the 
Greeks, and with an Indian as well as a Greek inscription, fur- 
nishes, as Mr Thomas argues, no weak evidence of an independent 
Indian coinage before this time — a subject to which we shall shortly 
recur. The Bactrian series is chiefly valuable from the aid it has 
afforded in the reconstruction of contemporary history. Much, 
however, remains to be done in the arrangement of the series before 
its full use can be realized. Of the coins of the successors of the 
kings already mentioned little need here be said, except that 
bilingual inscriptions become constant on silver as well as copper 
pieces, and that the former are sometimes of the square form. The 
Bactrian series is succeeded by more than one half-barbarous class 
similar to it, but far more oriental in character. 

The question of the independence of the earliest Indian coinage India, 
is of too complicated a nature to admit of its being here fully dis- 
cussed, but we must indicate its main features in order to draw 
attention to a matter affecting ancient civilization in the far East. 

It must not be supposed, however, that the conclusion that the 
Indians had struck money before the time of Alexander, would 
attribute to them the separate invention of coinage : in this case it 
is more reasonable to presume that they had received Greek coins 
in commerce, and had thus been stimulated to issue a metal cur- 
rency of their own. Mr Thomas has devoted much attention to this 
question, which will be found to be fully discussed in his edition of 
Prinsep’s Essays. He argues on the existence of the square copper 
pieces in the Bactrian series, on the character of antiquity displayed 
by the Behat copper coins, and on the presumptive evidence of 
written records. The earliest class he considers to be that of silver 
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^ J^ismata Orientalia Illustrata, by W. Marsden, 4to, Bond., part i,, 1823 ; part ii., 1825. 

_ Masai avrla JSrumUmatiqat des Satra^ea et de la rhinicie, aom Us Boia Achmm'enides, par H. de Luynes, 4to, Paris, 1 846, with plates 

7 .. w- 7 -n ^ -n . „ * Biatorif and Comage of the Parthians, by John Lindsay, 4to, Cork, 1862. 

msai sisr les Medailles des Rots Verses de la Dynasth Sassanide, par A, de Longperier, 4to, Paris, 1840. 
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punch-marked pieces. Of a later period than this whole class are 
the coins of the Sah kings of Saurashtra, the age of which is far 
more nearly fixed. These are silver pieces bearing dates which 
show them to have been struck within about a hundred years. 
The dates Mr Thomas considers to be reckoned from the Sri Harsha 
Era, w’-hich would place the coins between the middle of the second 
and the middle of the first century B.c. The Sah kings were fol- 
lowed by the Guptas, who appear to have been at the first con- 
temporary with them. To these belong the rude gold coins, with 
figures of Indian divinities, which are frequently found in the 
country. Their importance at the time, and their influence on the 
later coinage, must have been very great. The types of the later 
Hindu coins are of the same character as those of this group, 
although recently better executed. Although they are still issued^ 
these proper Hindu coins have been long since virtually supplanted 
by those of the Mohammadan dynasties and the Company. (The 
most useful works on Bactrian and Indian money are Prinsep’s 
Numismatic Essays^ which have been collected and edited by Mr 
Thomas, and will be very shortly published. The original value 
of these papers is greatly enhanced by the labour and skill with 
which Mr Thomas has illustrated them, bringing them down to the 
present state of knowledge, and adding everywhere new infor- 
mation, Professor Wilson’s Ariana Antiqua?- must also be con- 
sulted. The most complete account, though one now requiring 
many additions, is in Marsden's great work, which we have already 
mentioned.) 

Beyond India, it may be mentioned that Siam has a coinage of 
its own, consisting of spherical lumps of silver, impressed with a 
punch, in the place of which coins with oriental types, but on a 
European model both in form and art, are now being issued. The 
Chinese money offers a field for great research. Here the question 
of an origin of money in the East, independently of Greek influence, 
is raised by the great antiquity that the Chinese writers assign to 
the commencement of the art among them. The conclusion, for the 
present at least, must here mainly depend upon our estimate of the 
value of the written evidence, for the money affords but doubtful 
testimony, more especially as the Chinese fabricate coins as they do 
vases, to deceive the curious. Some existing specimens are attri- 
buted to the twenty-first year (b.c. 523) of the reign of the Empe- 
ror King-wang, of the Tcheow Dynasty ; but in the opinion of the 
Baron de Chaudoir, there is no certainty, before the reign of Chy- 
hoang-ty (b,c. 247-210), of the Heow-tsin Dynasty. The money 
consists almost wholly of copper pieces. These are at first of va- 
rious shapes, sometimes being in the form of a sword or a bell, 
though flat ,* but at length they take the usual shape of coins, ex- 
cept that they are perforated in the centre with a square hole, in 
order that they may be strung. The silver coins are dollars of a 
recent period. The rebels have issued copper money resembling 
that of the Mantchoo Dynasty, but with their own inscriptions. 
(On the Chinese coins, Baron de Chaudoir ’s work should be con- 
sulted.®) 

The second class of oriental money — that of Mohammadan 
states — has been issued during a period extending from about the 
middle of the seventh century of the Christian Era to the present 
day. The oldest of positive date (gold coins) were struck A.H. 78. 
There are others, however (copper pieces), which must be ascribed 
to the interval between this date and the first great extension of 
Arab power, half a century earlier. We may mention the bilin- 
gual coins of cities of Syria and Palestine, Damascus, Emesa, and 
Tiberias, and barbarous imitations of the latest Byzantine money 
of Alexandria. Silver pieces are known of the year a.h. 79, but 
the dated copper coins do not commence until some years later ; 
thenceforward the coinage of the greater number of Muslim states 
is in the three metals. The date of the earliest gold and silver 
coins thus falls into the reign of the Khaleefeh ’Abd-El-Melik Ibn- 
MarwEn, under whom, in A.H. 76, the first Muslim coinage is re- 
lated to have appeared, by El-Mekeen, Es-Suyootee, and Ibn Ku- 
teybeh. There is a remarkable copper coin, generally resembling 
the bilingual pieces just mentioned, and having on one side a figure, 
probably representing the khaleefeh. In its inscriptions, which are 
wholly in Arabic, we read, “ The servant of God (or ’Abd- Allah), 
’Abd-El-Melik, the Prince of the Faithful.” — The fabric and general 
appearance of the regular coins, especially for the first five centu- 
ries of their issue, is remarkably similar. They are always flat. 


and generally thin, and are without types, in the ordinary sense Oriental 
of the term, except some semi-barbarous ones, which originated in Coins, 
imitation of those of the current Byzantine money of the time, or 
of older Greek types. The whole of both sides of the coins is occu- 
pied by inscriptions, usually arranged horizontally in the areas, and 
in single or double bands around. 'With the rise of the Tatar power 
the old Arab type of the coins begins to be disused, and a new one 
introduced, mainly differing in the greater size of the pieces and 
the disposition of the inscriptions, which are placed in and around 
a square. This form was scarcely less wide in its use, or long in 
its duration, than that which it superseded. The prevalent metal of 
the earlier class is gold ; of the later, silver, The intention of the 
inscriptions is religious. All Mohammadan coins bear the profes- 
sion of the faith — There is no deity but God : Mohammad is the 
apostle of God.” The Shiya’ees add — “ ’Alee is the friend of God.” 

The title of the khaleefeh, and afterwards his name also, or the 
name and title of the king, as well as the year of the Flight and 
the place of mintage, are generally given. The religious feeling 
as to the coinage was, until recent times, not less strong with,^the 
Muslims than with the ancient Greeks. For some centuries it was 
not lawful to put the name of any sovereign, as such, upon the 
coins, except that of the khaleefeh ; and an independent prince, 
even if actually at war with him, continued to issue money in his 
name, doing no more than add his own, without any title, as though 
he were a provincial governor. The rival khaleefehs in Spain and 
Africa by degrees shook this privilege, and under the Turkish and 
Tatar dynasties it ceased, about the time when the khaleefehs of 
Baghdad had nearly lost all temporal power, shortly before their 
overthrow. 

Mohammadan coins cannot lay claim as a class to high artistic 
excellence. Their beauty depends, in the earlier period, upon the 
disposition of the inscriptions, and afterwards upon this combined 
with the form of the characters. Among the best of the older 
coins are those of the Umawee and ’Abbasee khaleefehs, and of 
the Fatimee khaleefehs in Egypt. The money of the Moors in 
Spain, of some of the later kings of Persia, and sultans of Turkey, 
affords beautiful specimens of the more recent coinage. The finest, 
however, are generally inferior in execution, and often in design, 
to the best engraved work of the same times. The principal deno- 
minations, particularly during the earlier period, are well known. 

For many centuries there were scarcely any more pieces than one 
of each metal, the deenar of gold, the dirhem of silver, and the 
fels of copper, — and these were of nearly the same size, and other- 
wise very similar in their appearance. Their names betray a 
foreign origin ; the deenar derived its appellation from the dcna* 
rius^ the dirhem, from the drachma ^ and the fels, from Xh^folHs. 

In its weight the deenar, at first of about 65‘6 grains, followed that 
of the solidus, which at that time had succeeded to the aureus, and 
was doubtless the “piece of gold.” The dirhem, of 45 grains, pro- 
bably was considered as equivalent to the chief silver coin of the 
Isaurian family. The fels, however, cannot be readily identified, 
from the irregularity of the contemporary copper money of the 
Byzantines. At a later time, as the influence of the Eastern Empire 
wore out, the money of the commercial states of Italy affected the 
oriental coinages ; and from this and other causes new systems took 
their rise, until in our own days the money of the Moharnraadah 
dominions on the Mediterranean is generally assimilated to that of 
Christian Europe, (The most useful books on Mohammadan coins 
in general are, besides Marsden’s Numismata Orientalia^ the works 
of Frahn®, Holier^, and Erdmann.®) 

The coinage of the Umawee and’Abbasee khaleefehs merits the 
same place in this series as the Byzantine in the mediaival. It pre- 
sents little matter of historical interest beyond the indications of 
the condition of the state, from the abundance or the scantiness, or 
even the entire absence, of money under particular reigns. Thus 
we have evidence of the magnificence of the earliest princes of the 
house of BI-’ Abbas, and the misery of the latest, who yet held rule 
in the city of Baghdad, when the Tatar Hulagu was almost at its 
doors. Here and there the attention is fixed by a more definite 
fact, as when on the coins of Haroon Er-Rasheed we read the name 
of his famous wezeer Jaafar. 

First among the Muslims of Africa and "Western Europe we 
would place the khaleefehs of Spain, who in that remote country 
restored somewhat of the greatness of their ancestors of the house 


^ Ariana Antiqua^ a Descriptive Account of the Antiquities and Coins of Afghanistan ^ by H. 11. Wilson, 4to, London, 1841, 

2 Recueil de Monnaies de la Chme, du Japon, &c., par le Baron S. de Chaudoir, fol., St Petersbourg, 1842. 

® Ch* M, Frcehnii Recensio Numorum Muhammedanorum Acad, Imp, Scient. Petrop. 4to, Petrop., 1826 ; Ch. M, Frcshnii Nova Sup- 
plementa ad Recens,, ed. B. Dorn, 4to, Petrop. 1855. 

^ De Numis Orientalihus in Numophylacio Gothano Asservatis Commentatio Prima, edit, alt., auctore J . H. Mosllero, 4to> Gothse^ 
1826 ; Commentatio Altera, 4to, Erfordiae et Gothas, 1831. 

® Nvmi Asiatici Musei Vhiversitatis, Casanensis, recensult, &c,, F. Erdmann, 2 vols. 4to, Casani, 1834. 
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Niia of Umeiyeh, Their money resemhles that of the contemporary 
Ij ’Abbasees* Under later dynasties, and especially that of the opu- 
Kundinae. lent and luxurious kings of Granada, large gold pieces were issued, 
V ^ t noticeable for the fineness of their work. The coinage of the 
' shereefs (or khaleefehs, as they have called themselves) of Morocco 
or Fez, of the Aghlabee Dynasty, and of the Fatimee khaleefehs 
at Keyrawan, before they had conquered Egypt, offers little to 
detain us. The money of Egypt itself forms a long series, well 
deserving of study. There is nothing remarkable of the period 
during which it was governed by the naibs or lieutenants of the 
Umawee and’Abbasee khaleefehs, before the establishment of the 
independent d>iiasty of the Toolooneeyeh, A.D. 868. Of this house, 
and that of the Ikhsheedeeyeh, which succeeded it after a short in- 
terval, there are deenars bearing the name of the reigning prince, 
besides that of the khaleefeh. The gold money of the Fatimee 
khaleefehs, who overthrew the line last mentioned, is well executed, 
and usually has two or three concentric inscriptions on each side. 
Under the Kurd or Eiyoobee Dynasty the coinage is similar; but 
under the two IMemlook dynasties — the Turkish and the Circassian 
■ — the money is coarse, and rather resembles that of the Seljuks 
than the earlier series of Egypt. Since the Turkish conquest the 
money of this country has been similar to that of Constantinople, 
although possessing peculiar characteristics. In Syria there are 
coins of the Eiyoobee princes. Next to these we may place the 
money of the Seljuks and Turkoman Ortokites, the latter remark- 
able for the use of barbarous figures, derived from the Byzantine 
or ancient Greek types. The coins of the Atabegs form a group 
similar to the last. The money of the Turkish Empire shows the 
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influence of the Italian republics. Its principal gold coin at the Nundinse. 

first was ih.Q funduhy of about 54 grains in weight, which was de- v. 

rived from the Venetian sequin or gold ducat, that, from the time 
of the decline of the credit of the Byzantine solidi, formed a princi- 
pal coin of Western Asia. In recent times the money of the sultans 
of Turkey is of elegant work, although generally not of pure metal. 

The Persian coinage does not greatly differ from the contem- 
porary money of the more western f^tates. It may be said to com- 
mence under the powerful SamaneeDynasty, and to continue under 
the Soofees, and Nadir Shah and his successors. The most charac- 
teristic part of the coinage is the latest, in which we observe great 
beauty in the form of the letters and the ornaments, and an un- 
usual variety of types. Among the latter may be noticed one of 
some gold coins of Fet-h ’Alee Shah, representing the king on 
horseback slaying a lion ; and those of the copper pieces of uncer- 
tain date, one of which reproduces the ancient Persian device of 
the lion seizing the bull. The coins of the Mogul Tatars of Persia, 
of Teemoor, and of the Khans of Kapehak, resemble the contem- 
porary Mohammadan coinage of other countries. The money of 
the Muslim dynasties of India forms a considerable class, although 
it must yield in importance to that of the Hindus. The chief 
series is that of the Patau or Afghan sultans, and their successors 
the Mogul emperors. Among the minor groups we must notice 
the money of Tipoo Sultan, some of whose coins are very beautiful ; 
and that of the kings of Oude, latterly remarkable for its grotesque 
imitation of modern heraldry, (This branch of Indian numismatics 
is treated of in the works before indicated as describing Moham- 
madan coins generally.) (it, s. r.) 


NUN, or Akassa, a river of Marocco, forming part of 
the southern boundary of that country. It rises in the 
Atlas range, and flows westward to the Atlantic, into which 
it discharges itself, 30 miles S.W. of Cape Nun, after a 
course of 130 miles. 

Nun, or Non, a promontory of Marocco, in N. Lat. 28. 
46., W. Long. 11. 3. 

Nun, Nonn, or Nomi, a river of the Chinese Empire, 
rises in Manchooria, flows generally southwards, forming 
part of the boundary between Manchooria and Mongolia, 
and falls into the Songari, an affluent of the Amur. Its 
length is about 600 miles, and its chief tributaries are the 
Hoojur, Noomin, Yalo, Tchola, and Toro. 

NUNS, in the Roman Catholic Church, are female 
ascetics, who, like the monks of the other sex, retire from 
the world, form themselves into religious communities, and 
profess perpetual chastity. There are various orders of 
nuns; some devoting themselves entirely to private reli- 
gious exercises, while others engage in the more active 
duties of Christian charity. The first nunnery is said to 
have been founded by one St Syncletica, a contemporary 
of St Anthony, in the third century. (See Monachism.) 
The first institution of the kind in France was founded 
near Poictiers by St Marcellina a.d. 360 ; and the first 
established in England owed its origin, according to Dug- 
dale, to Edbald, king of Kent, who founded a nunnery at 
Folkestone a.d. 630. 

NUNCIO (Lat. nuntiusi It. nunzi^ signifies a mes- 
senger in general, but is employed specially to designate 
the ambassador sent by the Pope to Roman Catholic states. 
This functionary is usually a prelate, and when a cardinal 
he is styled legate. In those countries subject to the 
decretals and discipline of the Council of Trent, the papal 
nuncios act as judges of appeal from the decision of the 
bishops ; but in other Roman Catholic states (as France, 
Austria, Sec.), which maintain their independency of the 
fflscipline of the Court of Rome, nuncios possess no 
jurisdiction, and have simply the diplomatic character of 
any other ambassador from a foreign court. In former 
times, however, the influence of nuncios and legates at 
foreign courts was frequently all but supreme. 

. ^,p.^DINiE, as if Novemdince^ from novem and dies, 
signifying literally the ninth day, was the name given to 
the weekly market-days of Rome* The term Ivas also 


occasionally extended to the place and business of these 
markets, as well as to the time at which they occurred. 
According to ]the ancient Calendaria, the entire year, 
beginning with the first of January, was divided into weeks 
of eight days each. Seven ordinary days would therefore 
always intervene between the last day of one week and tlie 
last day of the week immediately succeeding it. To these 
seven days, the Romans, after their customary mode of 
reckoning, added, not only the one immediately succeed- 
ing, but also the one immecluitely preceding, wliicli made 
in all nine days, and hence they spoke of the markot-day 
as occurring on the ninth day. A similar usage is still 
known in some countries where the expression “ eight 
days” is frequently used for a week. Some affirm that the 
institution of the nundinse owes its origin to Romulus, while 
others attribute it to Servius Tullius. As, however, the 
nundinse were originally market-days for the country people, 
who, on these stated occasions, came to Romo to dispose 
of the produce of their labour, to provide themselves with 
necessaries, and to get their legal disputes adjusted by tlic 
king, it would seem to follow that the nundime must have 
originated at a time when the Roman population extended 
beyond the precincts of the city. TJie nundinac were dies 
nefasti for the patricians, and fasti for the plebeians 
(Niebuhr’s Homan History, vol. ii.) ; but when such a dis- 
tinction arose does not appear, for, according to the ancient 
Calendaria, the nundinae and dies fasti, or days of business, 
coincided. For the plebeians, however, the nundinm con- 
tinued to be business days, and on these they pled causes 
and held public meetings and debates with members of tlieir 
own order on matters concerning the ])ublic or private 
interests of that order. 

The Romans were always peculiarly careful lest the 
nundinae should fall on the kalends of January, or on the 
nones of any month ; and to avoid such an unfortunate 
conjunction, they were particularly watchful in the insertion 
of the dies intercalaris, or the Sooth day of the Roman 
year. The primes kaleiidcB were avoided, according to 
Macrobius, from the public belief that, if the nundinae oc- 
curred then, the whole of the ensuing year would be sig- 
nalized by misfortune ; and the nones were shunned because 
the birth-day of Servius Tullius was celebrated on the 
nones of every month, and the presence of the country 
folk in the city on that occasion was deemed by the patri- 
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Nuneaton, clans to be dangerous to the peace of the republic, 
owing to the excitability incidental to such a concourse 
of the plebeian order. Perhaps, however, more satis- 
^ factory grounds for this prejudice were to be found 
in the fact, that the kalends of January were observed 
as occasions of intimate domestic intercourse, and that 
the nones were believed to want the protection of the 
Deity. 

NUNEATON, a market-town and parish of England, 
county of Warwick, on the left bank of the Anker, here 
crossed by two bridges, 14 miles N.W. of Rugb}^, and 17 
N.N.E. of Warwick. It is well built, consisting of one 
main and several smaller streets. The parish church is a 
small but neat building, in the Gothic style, with a square 
tower. There are also places of worship for Independents, 
Wesleyans, Baptists, and Roman Catholics, as well as 
several schools. The chief manufacture is that of ribbons ; 
but malting and silk-making are also carried on. In the 
neighbourhood are coal mines and stone quarries ; and near 
the west of the town runs the Coventry Canal. The mar- 
ket-day is Saturday ; and three yearly cattle fairs are held. 
Pop. (1851) 4859. 

NUNEZ, or Nonius, Feknando, an eminent classical 
editor, was born in the latter half of the fourteenth century 
at Valladolid, and was surnamed “El Pinciano,” from 
Pintia^ the ancient name of his native town. Though a 
scion of the noble family of Guzman, and a commander of 
the Order of Santiago, he consecrated his life to the pur- 
suits of polite literature. After sitting at the feet of the 
eminent Antonio Lebrija, he studied for some time at Bo- 
logna, and retmmed to Spain the first Greek scholar of his 
age. His talents were soon employed, at the request of 
Cardinal Ximenes, in preparing the Latin version of tlie 
Septuagint for the Complutensian Polyglott. He was then 
installed by the same munificent patron of letters in the 
Greek chair of the newly-founded university of Alcala de 
Henares. This office the force of circumstances induced 
him in course of time to abandon 5 and he was next ap- 
pointed professor of rhetoric at Salamanca. It was there 
that those services in the cause of letters were chiefly per- 
formed which elicited the commendation of such men as 
Erasmus, Lipsius, and Vossius. The annotations that he 
published Jn 1536 on tlie works of Seneca restored the text 
of that author. He also produced Obsermtiones in Pom- 
ponium Melam^ 8vo, Salamanca, 1543 ; and Observationes 
in Loca Ohscura et Depravoia Historice Naturalis C. 
Plinii^ Salamanca, 1544. At the same time, both from 
the academical chair and at his hospitable table, he was 
instructing many a young man that was destined to spread 
abroad the light of learning. He died in 1553, requesting 
that the following words might be inscribed on his tomb : 
Maximum vitca honnm mors — (“ The greatest blessing in 
life is death”). 

Nunez, or iVbwm, Pedro, an eminent Portuguese ma- 
thematician, was born at Alcacer do Sal in 1492. His 
attainments raised him to a high rank both as a teacher 
and as a writer in his own peculiar science. He became 
preceptor to Don Henry, son of King Emmanuel, and was 
installed in the mathematical chair at Coimbra. He also 
continued to publish, till his death in 1577, the following 
treatises : — De Arte Navigandi ; Annotationes in Theorias 
Planetarum Purbachii ; and Da CrepuscuUs. It was in 
this last work that his device for subdividing the arcs of 
quadrants and other astronomical instruments was first pro- 
mulgated. It consisted in describing within the same 
, quadrant 45 concentric circles, and then dividing the outer- 
most of these into 90 equal parts, the next into 89, the 
next into 88, and so on till the innermost, which is divided 
into 46. The nonius, as the instrument was called, was 
afterwards improved by others, until, in the hands of Pierre 
Vernier, it reached its present perfection, and received the 
•YOL. XVI. 


name of the ver^der, A collection of the works of Nunez 
was published at Basle in 1592. 

NUNEZ, or Kakunpt, a river of VTestern Africa, in 
Senegambia, flowing westward, and falling into the Atlantic 
in N. Lat. 10. 40., W. Long. 14.40. Its banks are thickly 
wooded, and very unhealthy. Some traffic is carried on in 
gold, ivory, hides, &c. 

NUREMBERG (Germ. NUrnherg), a town of Ba- 
varia, in the circle of Middle Franconia, stands on the 
Pegnitz, an affluent of the Regnitz, 95 miles N. by W. of 
Munich. It is built on both sides of the river, which is 
crossed by several bridges, on a sandy but fertile plain, 
about 1000 feet above the level of the sea ; and from what- 
ever side it is viewed, the towers of its churches present a 
very fine appearance. No other German town retains so 
much of the appearance and character of the middle ages ; 
indeed, the principal feature of the town is the air of anti- 
quity which pervades it. It is encircled by a high wall, 
from which rise numerous turrets, said to have formerly 
been 365, but now about 100 in number. Outside of the 
wall is a dry ditch, 50 feet deep and 100 broad, the sides 
of which are lined with masonry. The town is entered 
by four principal gates, which are flanked by large round 
watch-towers, no longer necessary for purposes of defence, 
but adding to the picturesque appearance of the place. 
The streets are narrow and irregular, lined with antique 
houses, having in general narrow but highly-ornamented 
fronts, and pointed gables fronting the street. The ground 
stories are low, and generally employed as warehouses; 
but the upper apartments, occupied as dwellings, are often 
richly adorned with carving and stucco, while many of the 
larger houses include two or three open courts. There are 
numerous public squares, of which the chief are — ^the princi- 
pal marked in one corner of which is a fountain surmounted 
by a Gothic obelisk, with statues in stone ; St Giles’ Square, 
which contains a statue of Melancthon; and the Goose 
Market, adorned with a fountain and bronze image. The 
largest and finest church in Nuremberg is that of St Law- 
rence a Protestant place of worship, which stands on the 
south side of the river, and gives its name to that part of 
the town, as the church of St Sebald does to the other. It 
was built at the desire of the Emperor Adolphus of Nassau, 
in the thirteenth century, and has recently been completely 
restored. It is in the Gothic style, with two elegant towers 
surmounted by tapering spires. The portal at the west end 
is most profusely adorned with sculptures, and over it is a 
fine circular window 30 feet in diameter ; while the interior 
is very rich in stained glass and ancient pictures. Its prin- 
cipal ornament, however, is a tabernacle, or repository for 
the sacramental wafer, a pyramidal erection of stone, 64 
feet high, adorned with most exquisite carving. The church 
of St Sebald, though inferior to the former, is still one of 
the finest Gothic buildings in Germany, the west end being 
in the round style of the tenth century, while the towers, 
nave, and east end are of a later date, in the pointed style. 
The bronze shrine of St Sebald, the masterpiece of the 
celebrated Peter Vischer, who completed it, with the assist- 
ance of his sons, in 1519, after thirteen years’ labour, is the 
chief object of interest here. It consists of a rich Gothic 
canopy supported by slender pillars, having beneath it the 
oaken coffin of the saint, adorned with silver plates ; and 
although the church is now used for the Lutheran service, 
this magnificent monument is allowed to retain its place. 
The Catholic church, or Frauenkirche, was founded by 
the Emperor Charles IV., and completed in 1361, in the 
best style of German-Gothic architecture. It contains 
many ancient monuments, and a complicated dock, which 
shows the movements of the sun and moon. Besides these, 
there is also a Gothic chapel, dedicated to St Maurice, 
which is now used as a picture gallery. The town-hall, 
a building in the Italian style, erected in 1619, contains 
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within it an older portion, built in 1340. The great hall, 
which is 76 feet long and 28 wide? is adorned with paintings 
by Albert Diirer ; and there is a smaller council-chamber 
above. Underneath the building there are dismal dun- 
geons and a torture-chamber; and subterranean passages 
have recently been discovered leading beneath the city to 
the town ditch. To the north of the town, on a sandstone 
rock, stands the castle, built in 1030 by the Emperor Conrad 
II., and presented by the town in 1855 to the king. It is 
now used as a royal palace j and contains a linden tree, said 
to have been planted by Queen Kunigunda 700 years ago. 
Nuremberg has a grammar school, founded by Melancthon, 
whose statue adorns its front; a public library, with 30,000 
volumes; a school of design; polytechnic, industrial, and 
other schools; a theatre ; a general ^nd a military hospital ; 
a deaf-and-dumb asylum ; orphan hospital ; and other bene- 
volent institutions. There are also several scientific so- 
cieties. The churchyard of St John, about half a mile to 
the N.W. of the town, is remarkable as having been the 
burial-place for several centuries of the aristocracy of Nu- 
remberg. It contains 3500 grave-stones, all regularly num- 
bered, and most of them adorned with the armorial bearings 
of the dead. Between this and the city gate stand seven 
stone pillars, with sculptures representing scenes in the pas- 
sion of our Saviour. Nuremberg is at present the most im- 
portant manufacturing and commercial town in Bavaria. 
Cloth, brass, bronze, and steel-ware, wires, needles, musical 
and mathematical instruments, toys, and black-lead pencils 
are the principal articles made ; and in these an extensive 
trade is carried on, as this place is. the chief mart for goods 
passing between the north and the south of Europe. It was 
formerly a much more important city, and in the middle ages 
rose to a great height in wealth and prosperity. . The ear- 
liest mention of the town is about the middle of the eleventh 
century, when it received from Henry III. the privileges 
of a free market, and the right of coining money and levy- 
ing toll. From this time it steadily increased in wealth 
and population, and obtained further privileges from sub- 
sequent emperors. In 1219 it was made a free city, in- 
dependent of any European power ; and as such it con- 
tinued till it was given over by Napoleon in 1806 to the 
King of Bavaria. The period of its highest prosperity was 
during the fifteenth and sixteenth centuries, when it was 
able to furnish 6000 men to the imperial army. • But the 
discovery of the passage to India by the Cape of Good 
Hope, by directing the commerce with the East into a 
different channel, led to the decline of Nuremberg as a 
place of trade ; and though it has recently again risen in 
importance, it has never regained its mediaeval prosperity. 
At the Eeformation the inhabitants early embraced the 
Protestant cause ; and in the Thirty Years’ War they were 
on the side of the Swedes, and suffered much in 1632, 
daring the blockade which Gustavus Adolphus endured 
from the imperial forces under Wallenstein. Nuremberg was 
the birthplace of many remarkable men, among whom the 
most distinguished is Albert Diirer the painter, whose house 
is still tobeseen. Pop. (1843) 45,381 ; (1855) about 50,000. 

NURPOOR, a town of British India, in the Baree 
Dooab division of the Punjab, on a small affluent of the 
Ravee, among the lower mountains of the Himalaya chain ; 
N. Lat. 32. 18., E. Long. 75. 57. A large proportion of the 
inhabitants are Cashmerians, who are employed in the 
weaving of shawls. The town has a large and well-sup- 
plied bazaar; and derives much importance from its position 
on the’ route between India and Cashmere. ' It was ori- 
ginally governed by a hereditary rajah, but was afterwards 
seized by the Sikhs. There is a fort of stones and mud, on 
an eminence 200 feet high, but it is commanded by 
the higher elevations which surround it. Pop. 6000 or 
8000. ^ 

NURSIA, an ancient city of the Sabines, situated at 


the foot of that lofty group of the Apennine range now 
known as the Monti della Sibilla. From the nature of its 
position, in the immediate vicinity of high mountains, the 
climate of Nursia was somewhat cold. • Virgil alludes to it 
as Nursia frigida {JBn, vii, 716), and Silius Italicus (viii, 
417) does the same. It is mentioned by Livy (xxviii. 45) 
as furnishing volunteers for the armies of Scipio during the 
second Punic war, about two centuries before the Christian 
era. At this period it must have been one of the most im- 
portant towns of the Sabines, as it is mentioned in the same 
connection as Reate and Amiternum. Under the Romans 
it held the rank of a municipal town, and seems to have 
been somewhat republican in its sympathies ; for we find its 
inhabitants chastised by Octavian for their adherence to 
the cause of the democratic party. Columella (x. 421) and 
Pliny (xviii. 13, § 34) allude to the rapa Nursina, or Nur- 
sian turnips, as having been celebrated in their day ; and 
Martial (xiii. 20) refers to the same circumstance when he 
speaks of the pilce Nursince, From its secluded position, 
this town is not mentioned in the Roman Itineraries. It 
gave birth, however, to Vespasia Polla, the mother of the 
Emperor Vespasian ; and at a place called Vespasiae, not 
many miles from Nursia, the monuments of this distinguished 
family were to be seen during the time of Suetonius. It is 
perhaps more celebrated still as the birth-place of the fa- 
mous Benedict of Nursia, the founder of the first great 
monastic order in the Christian church. The place bad 
been made an episcopal see at a very early period, and is 
said to have had St Eutychius for its first bishop. Massive 
walls are said to be seen still at Norcia, resembling those of 
the Sabine towns of Reate and Amiternum. These ruins 
form the only traces of this old Etruscan town. 

NURTINGEN, a town of Wurtemberg, circle of 
Schwarzwald, on the Neckar, 14 miles S.S.E. of Stuttgardt. 
It contains an old castle, a church, a rich hospital founded 
in 1480, and several schools. There are also cotton fac- 
tories, dye-works, and manufactories of musical instru- 
ments. Pop. 4550. 

NUSSEERABAD, a cantonment of British India, in 
the district of Ajmeer, North-West Provinces, stands on a 
large sandy plain, 15 miles S.E. of Ajmeer; N. Lat. 26. 20., 
E. Lon. 74. 50. It is large, and regularly laid out, with 
broad streets, and has several tanks and wells. The climate 
is considered superior to that of any other station in India ; 
but the heat is very great, sometimes in summer rising 
above 100°. The mean annual temperature is about 76^ 

NUTMEG, the kernel of the fruit Mgristicafragrans^ 
Houttuyn (Nat. Ord. Myrislicacece), and two or three 
other species of the same genus. The common nutmeg 
tree grows from 20 to 25 feet in height, and is very 
handsome in form and habit. The fruit, which is abun- 
dantly produced, resembles the peach in colour, but is 
rather pear-like in shape- This fruit consists of four parts. 
The outermost is a thick fleshy pericarp, which has a strong 
flavour of nutmeg. This portion is not generally used, but 
is occasionally preserved in syrup as a sweetmeat. The 
next portion is the curious scarlet nmesocarp or arillode, 
called Mace* This incloses the endocarp, which is a thin 
and brittle shell of a shining brown colour, furrowed longi- 
tudinally by the pressure of the mace, and within this shell 
is the kernel^ or nutmeg. Nutmegs are imported from 
Penan^g and other ^Indian islands. The quantity imported 
in 1856 was 468,501 lb., of which a considerable quantity 
was again exported to other countries. Nutmegs are 
packed in very strong chests, and are usually powdered 
with lime, to prevent the attack of a weevil-like insect, the 
Armocerus coffetB, which is very destructive, often destroy- 
ing the entire contents of a chest (about 2J cwt.), of the 
value ofL. 35. Besides the common nutmeg, a sort called 
the long, or wild nutmeg, is frequently imported. It is 
usually inclosed in the shell, and is nearly twice as long as 
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Nutrition the common nutmeg, but not any thicker. This is the 
W fruit of Myristica fatua^ Houttuyn. It is brought from 
Nuts, Banda Isles, and is inferior to the common nutmeg. 
The nutmeg yields, by expression, a solid yellow fat, 
called oil of mace^ or butter of nutmegs^ which is sometimes 
used in pharmacy. (See Oils.) The duty on nutmegs is 
one shilling per pound. (t. c. a.) 

NUTRITION. See Food, and Dietetics. 

NUTS. The term nut is applied to that class of fruits 
which consist generally of a single kernel inclosed in a 
hard shell. Botanically speaking, they are one-celled fruits 
with hardened pericarps, more or less enveloped in a cupule 
or cup, formed by the aggregation of the bracts. Several 
nuts are of considerable importance, in consequence of their 
sweet edible kernels, and some from their abundant oil. 

The common 'H.cizd~nv,t of the shops, or the zmaU nut of our im- 
port tariff, is the fruit of the hazel {Corylus avellana, "W.) The 
hazel-nut is now found generally throughout the temperate parts 
of Europe and in many parts of Asia. In Spain, Sicily, and some 
parts of Turkey, it is very extensively cultivated, and forms an im- 
portant article of trade. The import of hazel-nuts to this country 
alone is immense. In 1857 it was about 224,486 bushels, of which 
the chief part came from Spain, and the remainder from Sicily, 
Smyrna, and Constantinople. , From Spain we receive two prin- 
cipal kinds, but they appear to differ only in the circumstance that 
the so-called Barcelona nut is kiln-dried, whereas the Black 
Spanish is the fresh ripe nut. The latter is only sent at the com- 
mencement of the season, as it will not keep long. They are 
usually sent in bags of two bushels each ; hut it not unfrequently 
happens that they are imported in bulk, especially from Smyrna, 
whence we receive the small red nut (Corylus Colurna^ Willd.) 
Besides its extensive use as an edible fruit, the hazel-nut yields an 
oil which is much valued by artists in oil-colours and by watch- 
makers. (See Oils.) The filbert is extensively cultivated in England, 
particularly in Kent 5 and the common hazel is one of the commonest 
of our coppice shrubs. The Walnut is the fruit of Juglam regia, 
Linn. (Nat. Ord. Juglandauae), and is found in the northern parts 
of Asia. It seems probable that the nuts mentioned in Genesis 
xliii. 11, were walnuts, as Pliny says the native country of the nut 
is Pontus, and vast quantities are still gathered in the neighbour-' 
hood of Trebizond. He mentions two kinds, both of which were 
occasionally eaten roasted, viz., the AJbeUma (<7. aveUana, W.}, so 
named from Abelliuum in Campania ; and another kind, which is 
supposed to have been the filbert ( G. tubuhsa, W .) The walnut tree 
is now cultivated generally throughout Europe, and is as much 
valued for the fine timber it produces as for its edible nuts. In 
this country the young green nuts, before the shells become hard, 
are gathered in considerable quantities and made into a favourite 
pickle. The nuts are imported from Germany, Italy, France, 
and Spain, and sometimes from Turkey: 57,000 bushels were 
imported from these places in 1857. They are only used in this 
country as an eatable fruit; but in Cashmere they are pressed 
for oil in great quantities; The Hog-nut (Juglans porcina^ Michaux), 
and the Black walnut (Juglans nigra, Linn.), natives of Canada, are 
occasionally brought in small quantities from that country, and 
are sometimes seen in our fruiterers’ shops, but are inferior to 
the common walnut. Two other nuts, closely allied to the wal- 
nut in the same natural order, are the Hickory-nut {Garya alba,' 
Nuttall), with which are often mixed the nuts of O', sulcata, Nutt., 
now frequently brought from the United States, These, however, 
are so much alike that they are not ordinarily recognised as dis- 
tinct from each other. They are smaller than the walnut, have 
smooth hard shells of a light colour, resembling common deal- 
wood, are marked by longitudinal ridges, and do not split into two 
shells. The Peccan-nut {Garya oUvcrformiSj Nuttall), usually im- 
ported from New Orleans, is nearly of the shape and size of the 
olive, but somewhat longer and thinner. The shell of this favourite 
nut is very thin and smooth, and the kernel plump and large. The 
quantity of hickoj^y and peccan nuts annually imported is small, 
probably not exceeding 800 bushels ; hut it cannot be ascertained 
with certainty, as the greater part received is in the form of pre- 
sents. They are, however, beginning to be in demand in our 
markets. The Chestnut is produced by a large tree {Oastanea 
vesea, Gaertner), Nat. Ord. Corylacece. The tree takes its name from 
Castana in Thessaly, but is so commoply distributed over Europe 
that it is probably indigenous to most of the southern countries of 
that continent. It is very abundant in Spain, whence we receive 
the greater part of the chestnuts brought to this country. It was 
well known to the Romans ; and Pliny speaks of eighteen varieties 
of this fruit. He says it was called by the Greeks IHos halanon, or 
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Jove’s acorn,” and Sardian acorn, from its having been first in- Nux 
troduced by the people called Sardes. In his day the choice sorts Vomica, 
were roasted and eaten, and the inferior ones used for feeding pigs. 

Of late, limited quantities of small sweet chestnuts have been im- 
ported from the United States, which are probably the fruit of 
Qastanea vesca, naturalized in America. The quantity of chestnuts 
imported from Spain and other parts in 1857 was 84,000 bushels. 

The Hrazil-nut, or Juvia, is the fruit of one of the largest trees of 
the Brazilian forests, the B&rtholUtia excelsa, Humboldt and Bonp- 
land (Nat. Ord. Lecythidacece)* This nut, which is also called 
Para-nnt and Castanha-nut, is at first inclosed in an outer apple- 
shaped shell as large as a moderate-sized melon. This usually con- 
tains about twenty of the nuts, which average an inch and a half in 
length, and are thick and triangular in the middle, but sharp at 
each end, with a rough greyish-brown shell. The kernel is very 
sweet and oily. They are imported chiefly from the ports of Para 
and Maranhara, generally in bulk. The import for 1857 was 
27,000 bushels. The Sapucaia-nut, another Brazilian fruit, is 
also seen occasionally in our fruit shops. It is produced by a large 
tree of the same natural order as the Bertbolletia, called Lecythis 
oUaHa, or “ Cannon-ball tree.” Its specific name is taken from the 
large urn-shaped capsules, called “ monkey-pots” by the inhabitants, 
which contain the nuts. The Sapucaia-nut has a sweet flavour, re- 
sembling the almond, and if better known would be highly appre- 
ciated. They are, however, scarce, as the monkeys and other wild 
animals are said to be particularly fond of them. This nut, which 
is of a* rich amber-brown, is not unlike the Brazil-nut, but it has a 
smooth shell furrowed with deep longitudinal wrinkles. The 
Sapucaia-nut has hitherto only been imported into Liverpool ; and 
the whole quantity is not more than forty or fifty bushels per 
annum. The Pistachio-nut is the fruit of Pistacia vera, Linn. (Nat. 

Ord. Anacardiacea), It is a native of Syria. Although a remark- 
ably delicious nut, and much prized by the Greeks and other eastern 
nations, it is not well known in this country. It is not so large as 
a hazel-nnt, but is rather longer and much thinner, and the shell 
is covered with a somewhat wrinkled skin. The quantity im- 
ported is very small and uncertain. The small nut of Pistacia 
lentiscus, Linn., not larger than a cherry-stone, is also occasionally 
imported from Smyrna, Constantinople, and Greece. The Cashew - 
nut belongs to the same natural order as the Pistachio, It is the fruit 
of a small tree, the Anacardium occidentaU, a few bushels of which 
are occasionally sent from the West Indies, where it is a native. 

The Cajou or Cashew wut is remarkable in consequence of the en- 
largement of the receptacle or peduncle after the flower falls. This 
receptacle, on the top of which the nut grows, becomes as large as 
a good-sized pear, and is sweet and agreeable to the taste. The 
Souari or Swcdiwa nut, called also the Butter-nut of Demerary,” 
and by our fruiterers the Suwarrow-nut,” is the fruit of Caryocar 
hutyrosum, Willd. (Nat. Ord. Rhizololaceo ^, — ^the Pekea hutyrosa 
of Aublett, a native of the forests of Guyana, growing 80 feet in 
height. This is perhaps the finest of all the fruits called nuts. 

The kernel is large, soft, and even sweeter than the almond, which 
it somewhat resembles in taste. The few that are imported come 
from Demerary, and are about the size of an egg, somewhat kidney- 
shaped, of a rich reddish-brown colour, and covered with large 
rounded tubercles. The Cocoa-nut is the fruit of Cocos nucifera 
(Nat. Ord. Palmaeece), This nut is, when ripe, inclosed in a 
large fibrous husky shell, which yields the vegetable fibre called 
coir. The kernel forms an inner coating to the hard shell, 
about three-quarters of an inch thick, inclosing at first a sweet 
limpid liquid, called the milk, which afterwards becomes the 
albumen of the seed. It is the inner fleshy portion of the kernel 
which is eaten. In the tropics it is universally regarded as a very 
wholesome and nutritious fruit, and yields a large quantity of oil. 

(See Oils.) Cocoa-nuts are imported from the West Indies, and 
sometimes from Western Africa. About a million and a half are 
received annually. Ground-nuts are the fruits of Arachis hypogesa 
Linn. (Nat. Ord. Leguminoscs), They are roundish, irregular- 
shaped pods, improperly called nuts, of a straw colour, covered with 
small square depressions, arranged with considerable regularity. 

They contain two or three reddish-brown seeds, which have the 
flavour of the gray field-pea. They are sometimes eaten when 
roasted, but are chiefly used for expressing oils. (See Oils.) They 
are sometimes imported in large quantities from Africa and the 
West Indies. It is said to he a native of South America, but there 
is reason to believe it came originally from Africa. (t. c. a.) 

NUX VOMICA, the seeds of a moderate-sized tree, 
StrychnosNux-Vomica, Linn. (Nat, Ord. Loganiaceoe, Div. 
Strychned), a native of the coast of Coromandel. The nux 
vomica, or poison-nut, has been known for a long time, and 
is supposed to have been made known to Europe by the 
Arabian physicians; but one or two other seeds have evi- 
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Nyassi dently been confounded with it The pulpy fruit which in- 
II closes the seed is about the size of an orang^with a ^in 
Nyiregy- shell, of a brilliant orange colour ; and, from the fact 

innocuous. 

The fruit contains many seeds, imbedded in a white gela- 
tinous pulp. These seeds are about three-fourths of an inch 
in diameter, quite circular, slightly convex on one side, and 
depressed on the other ; of a peculiar silky appearance, and 
of a light-drab colour, not unlike silk-covered buttons. They 
are very hard and horny, and consist chiefly of dark greenish- 
gray albumen, in which their intensely poisonous quality re- 
sides. The deadly powers of this seed are due to the pre- 
sence of the alkaloid called strychnia or strychnine, a salt 
consisting of C 44 Ng Og; but it contains another poison- 
ous alkaloid called brucine, of nearly similar composition— 
C 44 H 25 Ng Oy. It was discovered in 1818 by Pelletier 
and Caventou, and it was afterwards proved by M. Ma- 
gendie and by Dr Fouquier that the salt possessed a re- 
markable specific action upon the spinal marrow without 
particularly affecting the brain. It has consequently been 
found very serviceable in certain spinal diseases, but its 
administration requires excessive care. Almost every part 
of the tree, except the pulp of the fruit, partakes of the 
intense bitter of the seed. The poisonous bark introduced 
into Europe as angostura bark did not come from South 
America, but from India, and proves to be that of the S* 
nux-mmica* The wood is very hard, and is used as a useful 
kind of timber. The imports of nux vomica were only 550 
lb. in 1840; but in 1857 it was over 1000 bags, or about 
250 cwt. The use to which this large quantity of so power- 
ful a poison is applied is by no means clear. Much is em- 
ployed for the destruction of rats and other noxious animals, 
but not sufficient to account for so great ah increase. It is 
free of duty, and is almost always imported from Bombay 
in small bags of about 28 lb. each, and is worth from 6 s. to 
8s. per cwt. (x. c. a.) 

NY AS SI, or The Sea, a lake in the interior of equa- 
torial Africa, has been known by report to Europeans for 
about three centuries, but has never yet been reached or 
explored by them. The latitude of its centre is about 10 . 
S., and it is beliered to extend from S.E. to N.W. between 
E. Long. 30. and 35. It is known by various names, and 
appears to be the same as the lake called Maravi on old 
maps. The great rivers Nile, Zaire, and Zambesi have 
been supposed to take their source from this lake, but the 
truth of the statement is more than doubtful, 

NYIREGYHAZA, a market-town of Upper Hungary, 
in the county of Szabolcs, 29 miles N. of Debreczin. It 
has a Greek, a Roman Catholic, and two Protestant 
churches; aProtestant school ; saltpetre- works; and mineral 
springs, A yearly market of considerable importance is 
held here. Pop. (1851) 13,826, mostly Protestants. 
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NYKOPING, a seaport-town of Sweden, capital of a Kykspiu* 
Ian of the same name, stands on an inlet of the Baltic, 54 || 

miles S.W. of Stockholm. It is regularly built, and con- ^^ymphs. 
tains a new and an old castle, several courts and public 
offices, three churches, an hospital, and manufactories of 
linen, cotton, and woollen stuffs, hosiery, tobacco, needles, 

&c. Pop. 3486. The Ian is bounded on the N. by Lake 
Malar, which separates it from Upsala and Westeras, E. 
by Stockholm and the Baltic, S. by Linkbping, and W. by 
Orebro. Area 2497 square miles. Many valuable mine- 
rals, such as iron, copper, lead, &c., are obtained here ; the 
higher regions are well wooded, and the plains fertile and 
well cultivated. The bays on the Baltic coast facilitate the 
exportation of metals, timber, corn, and cattle. Pop. (1850) 

120,113. 

NYMPHS (Gr. vvix^ai, Lat. nympliei), in Greek and 
Roman mythology, a class of inferior female deities of almost 
infinite number, who were held to preside over all parts of 
the earth. They were commonly represented as beautiful 
young women, and generally in the train of some of the 
greater divinities, such as Neptune, Juno, Diana, or Pan. 

In most parts of Greece and Italy they were worshipped 
with offerings of kids, lambs, milk, or honej^ but never of 
wine. In the latter country they were sometimes honoured 
with special temples or chapels. The interest they took in 
men and human affairs was believed to be entirely of a 
kindly and beneficent nature. They presided alike over the 
dry land and the watery element. In the former class the 
most important were the mountain nymphs, the Oreades or 
Orodemniades, who also took local names from the special 
hills which they haunted, such as Ciiharonides, &c.; the 
nymphs of trees, the Dryades and Hamadryades, whose 
life was commensurate with that of the forest tree in which 
they had their abode; and the nymphs of valleys and 
groves, the Napcece, &c. Of the veater-nymphs the most 
important were the Oceanides, the daughters of Oceanus 
and Tethys, said to be 3000 in number. After them may 
be named the Nereids, the daughters of Nereus and Doris, 
fifty in number, of whom the most famous were Amphitrite, 
the wife of Neptune ; Thetis, the mother of Achilles ; Ga- 
latea, &c. Their favourite haunt was the iEgean Sea, and 
they were held in high honour throughout Greece, espe- 
cially at Corinth. The river-nymphs, the Potameides, 
were worshipped under local names, derived from the spe- 
cial rivers over which they presided ; such as Acheloides^ 
from the Achelous ; Pojctolides, from the Pactolus, &c. The 
Naiades, or nymphs of the fresh water, were known as 
Limnades and Crencece, or Pegcece, according as they in- 
habited lakes or springs. Even the waters of Hades had 
their presiding nymphs, the Avemaks, many of whom were 
believed to be endowed with prophetic power, and to com- 
municate that gift to their favourites among men. 
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0 O fifteenth letter and the fourth vowel of the Eng- 
II lish alphabet, occupies a position in point of sound 

Oases, between the vowels a and w. The shape of the letter seems 
to have originated in the circular form assumed by the 
lips in pronouncing it ; yet in the hieroglyphical characters, 
and even in the ancient Greek alphabet, it appears to have 
been taken from the shape of the eye. In English O has 
a long sound, as in bone, moan^ broke, roll, which is usually 
denoted in a word or syllable by a final e, as in bone, lonely, 
or by a servile a as in moan, roaming. It has also a short 
sound as in hot, long, and a soft sound like the Italian u 
and the French ou, as in move, which is shortened in words 
ending in a close articulation, and represented by oo as in 
look, root The vowel o is convertible with a variety 
of vowels and of vowel combinations, in English, as well 
as in other languages ; e,g,, what is o to the eye is u to 
the ear in the words son, none, done, won. The English 
0 in the words one, two, gone becomes a in Scotch as ane, 
twa, gane ; and o interchanges with ea in cleave, clove ; 
heat, hot, See, O was used as a numeral by the ancients 
to represent 1 1, and with a dash over it (0) to denote 
11,000. Among the Irish 0 prefixed to proper names, 
like Fitz in England and Macm Scotland, signifies son of, 
as 0‘Neal, the son q/* Neal ; and was originSly employed 
as a character of family dignity. O, a circle, or CG is 
called by the Italians circolo, and is used by them to ex- 
press tempo perfetto in music, or what we call triple time. 
(For the use of 0 in abbreviations, see Abbeeyiations.) 0 
is often employed as an interjection to express a wish, 
admiration, pity, surprise, &c. ; but when strong emotion is 
to be conveyed the exclamation is written Oh ! 

OAK. See Planting, Timber, and Ship-Building. 

OAKHAM, or Okeham, a market-town of England, 
capital of the county of Rutland, stands in the fertile vale 
of Catmore, 17 miles E. by N. of Leicester, and 85 N.N.W. 
of London. It is pretty well built ; and contains an old 
castle supposed to have been built in the reign of Henry 
IL, and now used as a county-hall; an ancient parish 
church, with a lofty spire ; Presbyterian, Independent, Wes- 
leyan, and Baptist places of worship ; national schools ; and 
a free grammar school, founded in 1584, with an hospital 
for old men attached to it. The chief manufacture is that 
of silk shag for hats. Oakham is not commercially of much 
importance ; and, though some trafilc in coals is carried on, 
it depends principally on its retail trade in articles of home 
use. There is a canal between this place and Melton-Mow- 
bray. Several yearly fairs for cattle and sheep are held 
here. Pop. (1851) 2800. 

OASES was the name given by ancient writers to the 
verdant spots that occur at intervals in the midst of the 
waste sands of Africa, and is said to be derived from the 
Coptic word omh, a resting-place. The foundation of 
an oasis is a hollow stratum of sandstone or clay, which 
retains the moisture that flows into it, and which is encircled 
by a rim of the limestone that forms the bed of the sur- 
rounding desert. On this basis springs up in green luxu- 
riance an orchard of date, fruit, and other trees, interspersed 
with wheat and millet. These oases, as the etymology 
given above implies, seem to have been originally used 
merely as halting-places for the Egyptian and Ethiopian 
traders in their journey through the desert It was not 
until the Persian conquest of Egypt that they became per- 
manent settlements. They were afterwards garrisoned by 
the Greeks and Romans in succession ; and at a still later 
period they became a place of refuge, first to persecuted 
Christians, and then to heretics. Their number was great. 


Herodotus likens them to a chain stretching from E. to W. Oates, 
through the Libyan desert. But the most celebrated were 
four, called respectively Oasis Magna, Oasis Trinytheos, 

Oasis Minor, and Ammonium. The Oasis Magna (the mo- 
dern El-Khargeh) is about 90 miles W. from the banks 
of the Nile, and is 80 miles in length, and from 8 to 
10 in breadth. It was a district of great importance in 
ancient times. Herodotus called it the “ City Oasis;” and 
Josephus called it “ The Oasis” par excellence. In pagan 
times it was the site of a temple 468 feet long, and dedi- 
cated to Amun-Ra; and after the commencement of the 
Christian era it was crowded with churches and monasteries. 

The Oasis Trinytheos (the modern El-Bacharieh) was 
situated N. from the Oasis Magna, and W. from the city 
of Hermopolis Magna. There is no evidence that it was 
ever a permanent settlement of the Egyptians, the Per- 
sians, or the Greeks. The most ancient architectural re- 
mains are Roman. The fact, however, that several Arte- 
sian wells have been recently discovered there, and that 
the construction of these was unknown to the nations above 
mentioned, seems to indicate that the Oasis Trinytheos 
was visited at an early period by some people who had im- 
ported the art of making artificial springs from the eastern 
countries of Asia. The Oasis Minor (the modern El- 
Dakhel) was situated nearly N. fron the Oasis Magna, and 
W. from the city of Oxyr^mchus. The ruins of a temple 
and several tombs show that it was a station of the Greeks. 

It was also under the dominion of the Romans, and was 
then famous for its wheat. Ammonium (the modern El- 
SitoafC) was situated N.W. from the Oasis Minor. Though 
not more than 6 miles in length and 3 in breadth, it was at 
one time the most famous of all the oases. Its soil produced 
salt in great abundance and of the finest quality, and at the 
same time was well watered and fruitful. There also was 
the celebrated Fountain of the Sun” which Herodotus 
saw in the fifth century b.c. There especially was the 
temple of Jupiter Ammon, which Alexander the Great 
visited in 331 b.c,, and which was built of stone, of a 
blue and green colour, and covered with hieroglyphics. 

The fountain is still seen springing up in a grove of dates ; 
and the walls of the temple, retaining their bright colouring, 
are still seen in ruins near the village of Gharmy. 

The term ocLsi^ has in modern times come to signify any 
fertile ti*act in the midst of a desert. 

OATES, Titus, the infamous fabricator of the “ Popish 
Plot,” was bom about 1619. From the very first he was 
an apostate and a deceiver. He left the Anabaptists, among 
whom he had been trained, and after studying at Cambridge, 
accepted a benefice in the Church of England. With this 
position his life and opinions were soon found to be glar- 
ingly inconsistent; and he entered a Jesuit college in 
France. Even there his conduct was too unprincipled to 
be endured; and in 1677 he found himself obliged to 
take up the profession of a scheming vagabond. It was then 
that Oates, animated probably by the hope of gain and 
tlie love of low intrigue, resolved to take advantage of the 
alarm into which the English nation had been thrown on 
account of the suspected Popish inclinations of Charles II., 
the avowed Popish opinions of the Duke of York, and the 
growing confidence of the Papists in general. He patched 
up a chimerical story, and communicated it to the govern- 
ment at London as a plot which had been formed by the 
Roman Catholics. The capital, he said, was to be set on 
fire, the citizens massacred, the king assassinated, Ireland 
invaded by a French army, and certain Papists whom he 
named placed in the high offices of the state. This fabri- 
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Oaths, cation realizing the apprehensions in the public mind, and 
seeming to be corroborated by certain events, gained uni- 
versal credence. The government were at their wits end; 
all London was instantly on the alert for the expected 
attack; and the people, hurried on by the blind instincts 
of hatred to their foes and gratitude to their supposed sa- 
viour, rushed into an extreme course of action. Oates 
was raised to the summit of popularity and power; a 
pension of L.900 a year was conferred upon him ; no- 
thino- less magnificent than a suite of apartments in White- 
hall *^Palace was thought worthy of lodging his precious 
person ; and whenever he appeared in public he was greeted 
by the unbonneted populace. The fresh fictions which he 
continued to invent regarding the plot were also received 
without hesitation. With the aid of certain worthless as- 
sociates, he procured the conviction of many innocent Ro- 
man Catholics, and was the main cause of a series of judicial 
murders which extended over the space of two years. ’ By 
that time, however, the nation was opening its eyes upon 
the monstrous system of deceit by which it had been duped, 
and a storm of retribution' was gathering against the head 
of the arch offender. On the ' accession of James 11. in 
1685, he was tried before the Court of King’s Bench, was 
convicted of perjury, and was sentenced to be first pilloried 
and whipt at the cart’s tail, and then to be imprisoned for 
life. The former part of the punishment was executed 
with a severity which was evidently intended to kill him. 
The latter part was broken ofiP by the accession of William 
III., and the simultaneous re-action in the state of public 
feeling. The trial of Oates was then declared by Parlia- 
ment to have been illegal ; his crimes were pardoned by 
the king; and he was allowed to skulk away into obscurity 
with a pension of L.300 a-year. He died in 1705. (For 
the particulars of the ‘‘Popish Plot,” see Britain. See 
also Lord Macaulay’s History of England^ 

OATHS are solemn declarations made, with an appeal to 
God or to some superior being, for the truth of what is 
affirmed, or for the honesty of what is promised. It is 
always to be presumed, in the taking of an oath, that the 
person imposing' it believes that the swearer expects the 
superior being whom he calls to witness will visit him with 
punishment in the event of his violating that oath. On no 
other supposition can an oath be conceived of any value or 
significance, * The person making the oath may or may not 
fear the evil consequences of perjury ; but the individual 
imposing the oath is supposed to believe that the swearer 
is apprehensive of those consequences. Oaths are asser- 
tory^ or those- by which ' something is affirmed as true; 
and promissory^ or those by which something is pro- 
mised, to be' done. Oaths are again either voluntary or 
compulsory. . • , . ... 

Jewish , It would appear, from all that can be gathered on the 
oaths. subject, that. the practice of using oaths on certain im- 
portant occasions has been observed in all nations where 
any definite idea of a superior being has prevailed. This 
practice is found, as early as the days of Abraham, who 
charges his servant; f‘Put, I pray thee, thy hand under 
my thigh ; and I will make, thee swear by the Lord, the 
God of heaven and the God of earth, that,” &c. (Gen. xxiv, 
2, 3, 37). This oath was private rather than judicial or 
national. Instances of public or national oaths, in which 
an entire kingdom or a large body of people were involved, 
are to be found in Judges xxi.; also in 1 Kings- xviii. 10; 
and the, first, example of a strictly judicial oath is to be 
found in Levit.* vi. 3-5. This custom of oath-making, 
which had been in use amongst the Jews fi'om the earliest 
times, was sanctioned by Moses, and employed by him in 
connection with his code of laws. Other beings besides 
God were sometimes invoked in taking an oath, among the 
Hebrews and certain other nations of the East ; as the soul 
(2 Kings ii. 2 ; 1 Sam. xx. 3, &c.); the head or life of a 
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king (Gen. xlii. 15). The most solemn oath among the Qaths 
Persians, according to Hanway, is, “ By the king’s head f l 
and Aben Ezra informs us that this oath was common in 
Egypt in his time (a.d. 1170) among the khaliphs. Some- 
times the oath-taker swore by some precious part of his own 
body, as the head (Matt. v. 36) ; by the earth, the heaven, 
and the sun (Matt. v. 34, 35) ; by angels (Josephus, Be 
Bell. Jud. ii. 16, 4); by the temple (Matt, xxiii. 16); 
and by Jerusalem (Matt. v. 35 ; compare Liglifoot^ p. 

281). The levity of the Jewish nation with regard to 
oaths became notorious ; and while we find some of their 
doctors sharply reproving this vice (Othon. Lex,^ p. 351 ; 

Philo, ii. 194), it is nevertheless notorious that the rab- 
binical writers, by their nice distinctions, subtle casuistry, 
and perverse ingenuity on the subject of swearing, did 
much in effect to countenance open falsehood, and lessen 
the enormities of perjury and profanation. The heathen 
satirists poisoned their shafts against the Jew with the 
blasphemous perjury of that race (Martial, xi. 9) ; and 
when we come down to Christian times, we find a growing 
disposition to discountenance a practice which had been 
prostituted to the worst of purposes. Some contend that 
the language of Christ respecting oaths (Matt v. 34-37) is 
absolutely prohibitory of that practice ; while others, with 
perhaps greater justice, suppose that his words apply to 
profane and wanton swearing, rather than to solemn and 
judicial oaths. Not a few of the early fathers held oaths 
to be unchristian ; and some modern sects, such as the 
Quakers, &c., decline, on Scriptural grounds, to take oaths 
in courts of law. 

- Among the Greeks, oaths seem to have been taken both Greek 
between individuals and nations, on certain solemn occasions, oaths, 
from a very early period. When the fate of the Trojan 
war was to be decided by single combat, the agi*eement 
was ratified by oath. {Iliad, iii. 276.) A similar practice was 
observed in other treaties and alliances, as appears from 
Herod, i. 69, 74, 146, 165 ; Thucyd. v. 47. As is abun- 
dantly obvious from their writers, the Greeks held in great 
reverence the sanctity of oaths. Illustrations of this are to 
be found especially in Homer, iEschylus, Pindar, Euripides, 
and Sophocles. The ingenious prevarication and mental 
reservation of a Jew or a Jesuit was precisely what Homer’s 
great hero, in his noble heathenish indignation, hated 
“like the gates of hell” {Iliad, ix. 313). The story of 
Glaucus the Spartan, who was annihilated with his whole 
family for simply entertaining the question as to whether 
or not he should fulfil an oath, affords a good illustration of 
Greek feeling upon the crime of peijury. (See Herodotus, 
vi. 86 ; Juvenal, xiii. 202.) Jt is but too well known, how- 
ever, that, with the decay of everything great and noble 
among the Grecian states, the crime of perjury became an 
every-day occurrence; and a Greek became among, the 
Romans only another name for a liar. Each nation or 
people swore .by its own deity or hero : as the Thebans by 
Hercules, the Lacedaemonians by Castor and Pollux, and 
the Corinthians by Neptune. An oath was often suggested 
by oflice, character, place, or sex. Thus Iphigeneia the 
priestess swore by Artemis; Antilochus, in talking of 
horses, is told to swear by Poseidon, the equestrian deity ; 
Achilles swears by his sceptre ; Telemachus by his father’s 
sorrows; Demosthenes by the heroes of Marathon; and 
Pythagoras by the number Four. If the men found it 
necessary to swear by Hercules and Apollo, the women felt 
called upon to give weight' or ornament to their words by 
invoking Aphrodite and Demeter, Citizenship was ratified 
by oath in Athens, and public functionaries were sworn in 
to their office. It is supposed that the oaths occasionally 
taken by witnesses in judicial proceedings were, for the 
most part, voluntary among the Greeks. Oaths with the 
Greeks were frequently accompanied by sacrifice and 
libation, and the swearer placed his hands upon the victim, 
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Oaths, the altar, or some other sacred thing, while he was taking 
the oath. (Livy, xxxi. 50.) 

Eoman Among the Romans, magistrates and other dignitaries 
oaths. had to come under an oath, in entering upon the public 
service, to protect and observe the laws. All Roman 
soldiers, on their enlistment for a campaign, had to take 
the military oath {sacr amentum), binding themselves to be 
faithful to the commands of their superior oflScers. (Livy, 
xxii. 38.) In transactions with other nations, oaths were 
taken in the name of the Roman republic. Livy has 
recorded (i. 24) the most ancient form of this kind of oath, 
in a treaty struck between the Romans and the Albans. 
Jupiter was invoked, while the priest struck the victim with' 
a flint-stone {lapis silex) ; and from the important part 
played by this instrument in oath-taking, the god himself 
came to be called Jupiter Lapis. During the latter years 
of the republic, the early reverence for international oaths 
became well nigh forgotten ; and in perjury, both individual 
and national, the Roman came to rival the Jew and the Greek. 
The remarks already made respecting the conversational 
oaths of the Greeks apply pretty correctly to those of the 
Romans : Hercules, Pollux, Jove, and Bacchus were the 
favourites of the men ; while women, lovers, and exquisites 
garnished their soft speech by appeals to Juno and Venus. 
Examples of this practice are endless among the classical 
writers. In Roman judicial proceedings, oaths were 
occasionally required from the plaintiff or defendant, or 
both. The oath of calumny {Jusjurandum calumnies) was 
taken by the plaintiff in solemn declaration that there ' was 
no malice or dishonesty in his suit- It does not seem to 
have been always necessary to examine prisoners on oath 
in civil cases; but in the criminal proceedings of the 
judicia publica, oaths appear to have been administered. 
(Cicero, Pro Q. Rose. Com. c. 15; Noodt, Op. Omn. ii. 
479 ; Digest De Testibus.) ' ■ ^ 

English ^ general rule, all testimony in English judicial pro- 

oaths. ceedings requires to be given by oath. This custom is 
said to have been introduced into England by the Saxons 
A.D. 600. Only those can be sworn as witnesses, however, 
who will profess their belief in the existence of Deity, in a 
future state of rewards and punishments, and that perjury 
will be punished by God. A Jew, a Mohammedan, or a 
Hindu may be sworn as witnesses by the oath which they 
severally consider binding. All other persons, such as 
professed atheists; &c., cannot be admitted to give evidence 
on oath in judicial proceedings. Young children, imbeciles, 
&c. ; are also incompetent, from deficient intelligence. 
Quakers and others, who object to taking judicial oaths on 
Scriptural grounds, are allowed to give their evidence on 
affirmation, both in civil and criminal proceedings. A 
peer or lord of Parliament, when a dependant in Chancery, 
is required to give his answer to a bill upon honour only ; 
and the members of a corporation give in their answer 
under the seal of their body. Oaths are also required by 
English law on admission to offices of public trust, as the 
oath of princes to rule constitutionally, the oath of supre- 
macy, the bath of allegiance, and the oath of office. All 
who hold offices of any kind under the government, as 
members of the House of Commons, ecclesiastics, members 
of colleges, schoolmasters, serjeants-at-law, councillors, 
attorneys, &c., are required by statute to take the oaths 
of allegiance, &c. The oath of supremacy was first 
administered to British subjects (26 Hen. VIIL) in 1535 ; 
that of allegiance was framed (3 James I.) in 1605 ; and 
the oath of abjuration (13 Will. III.) in 1701. A solemn 
affirmation or declaration may be substituted ibr an oath in 
certain cases by the Lords of the Treasury, according to 
the Act 5 and 6 William IV., c. 62. (See Knighfs 
Political Cyclopaedia, vol. iii., p. 436.) The principal 
sanctions against mendacity in a witness are — (1.) The 
legal punishment incidental to a conviction of false swear- 
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ing ; (2.) The influence of public opinion ; (3.) The dread Oaxaca 
of future punishment from the Deity. Bentham, in his II 
famous attack upon the taking of oaths in his Rationale of 
Evidence, denies that the third of those considerations has 
the force of a sanction at all, and maintains that the first 
and second alone have influence. But it must be obvious 
to every one, that while the third sanction may not be so 
universal in its influence as the first and second, it may be, 
and in point of fact is, in the case of not a few, regarded as 
a consideration of infinitely greater weight than any other 
whatever. And, as was said already, it is the opinion of the 
person who takes the oath that gives it value in the eyes 
of the person administering or imposing it. Nothing can 
be more obvious, however, tlian the very great abuses to 
which the practice of oath-taking is liable. So long as the 
moral and religious sense of a nation is sound and pure, its 
public or private oaths will carry with them a becoming awe 
and reverence ; but no sooner does the national morality 
begin to decline than perjury becomes an every-day occur- 
rence, and men swear to anything that suits their interest 
or pleases their caprice. Such, at least, is the lesson 
taught us by the history of the Jew, of the Greek, and of 
the Roman. - (See Ugolino’s Thesam^us Antiq. Sacr., vol. 

26; Grotius, De Jure, &c., lib. ii., c. 13; Tyler's Oaths, 
their Origin, Nature, and History ; the Cyclopaedia of 
Political Knowledge ; and Smith's Diet, of Antiquities.) 

OAXACA. See Mexico. 

OBADIAH, the fourth of the minor prophets according 
to the Hebrew, the fifth according to the Greek, and the eighth 
according to the chronological arrangement, is supposed to 
have prophesied about the year b.c. 599. (Jahn's Introd.) 

We possess but a small fragment of his prophecies, and it 
is impossible to determine anything with certainty respect- 
ing himself or his history. Several persons of this name 
occur about the same period, one of whom presided at the 
restoration of the temple in the reign of J osiah, b.c. 624, 
and is considered by many to have been the author of the 
prophecy. Another, who was governor of the house of 
Ahab, was regarded by the ancient Jews as the author of 
the book ; an- opinion followed by Jerome (Hieron. Comm, 
in Abdiam; Sixtus Senens. Bib. Sanct.). Others place 
the author in the reign of Ahaz, B.C. 728-699 ; while some 
think him to have been a contemporary of Hosea, who 
prophesied b.c. 722. Jahn maintains, from the warnings 
to the Edomites, ver. 12-14, that Obadiah prophesied before 
the destruction of Jerusalem by Nebuchadnezzar; while 
De Wette infers from ver. 20, that the composition of the 
book must be placed after the destruction of that city. 

From a comparison of Obad. ver. 1-4 with Jer, xlix. 14- 
16; Obad. ver- 6 with Jer. xlix. 9, 10; and Obad. ver. 8 
with Jer. xlix. 7, it is evident that one of these prophets 
had read the other's work. That J eremiah was the original 
writer has been maintained by Bertholdt, Credner, De 
Wette, and others. (See Eichhorn's Introd., sec. 512; 
Rosenmiiller's andJager, Ueb.dieZeit Obadjah.) 

His prophecies are directed against the Edomites, and in 
this respect correspond with Amos i. 1 1, Jer. xlix. 22, Ezek. 

XXV. 12-14, and Ps. cxxxvii. 7 ; but he consoles the Jews 
with a promise of restoration from their captivity — a pro- 
phecy which was fulfilled in the time of the Maccabees, 
under John Hyreanus, b.c. 125. The language of Obadiah 
is pure, but he is too fond of the interrogatory form of ex- 
pression ; his sentiments are noble, and his figures bold and 
striking. (In addition to the works already specified, the 
reader may consult Leusden's Obadiah ; Pfeiffer, Comm, 
in Obad.; Schrder, Der Prophet Obad., &c, ; Venema, 

Lecit. in Obad., with the additions of Verschuir and Lohze ; 

Kohler, Anmerkh. ; Schnurrer’s Dissert. Philol. ; Hende- 
werth, Obadjae Prophetae Oraculum in Idumceos.) 

OBAN, a parliamentary burgh and seaport of Scot- 
land, Argyllshire, 20 miles N.W. of Inverary, and 6 J 
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Obe N.W. of Glasgow. It is built in the form of a CTescent, 

II round the shore of a bay of the same name, and has an 
Oberlin. extensive coasting trade with the Clyde, as it is the chief 
seaport and market-town for a large extent of <^untry. 
It contains places of worship belonging to the Established, 
the Free, the United Presbyterian, the Scottish Episcopal, 
and the Independent churches ; several schools, a library, 
reading-room, savings-bank, and custom-house* Thehai- 
bour is deep and safe, being sheltered by the island of Ker- 
rera; and the inhabitants are extensively engaged in fishing. 
Steamers ply regularly between this town and Glasgow ; 
and during the summer it is a great resort for tourists, who 
make this their starting-place for the various parts of the 
Western Highlands. The Bay of Oban is surrounded by 
steep clifis, on which stand the ruins of Dunolly Castle ; 
while about three miles to the north of the town are the 
remains of that of Dunstaffnage. Oban unites with Ayr 
and other burghs in returning a member to Parliament. 
Pop. (1851) 1742. 

OBE, Obi, or Oby, a river of Siberia, rises in the 
Altai Mountains, where it is formed by the union of two 
main streams, the Katunga and the Biya. It flows in an 
irregular course, but generally towards the N.W., till it 
joins the Irtish from the south. It then turns northward, 
and flows in that direction, frequently dividing itself into 
two streams, which flow separately for long distances, and 
then unite again. It falls into the Gulf of Obe by three 
branches, the largest and deepest of which is that which 
lies to the east. Its whole length is estimated at 2000 miles. 
The principal affluents of the Obe are the Irtish, which is 
longer than the branch which retains the name of Obe, 
the Tom, the Choolyn, and the Ket; while the Irtish 
receives from the west the Tobol and the Iskim. Both the 
Irtish and the Obe abound in fish, which might be made a 
valuable article of export. The country drained by the 
Obe and its tributaries is calculated to have an area of 
1,370,000 square miles. The Gulf of Obe, which derives 
its name from the above river, is an inlet of the Arctic 
Ocean, between 70 and 80 miles in breadth, and upwards 
of 400 in length. It lies between N. Lat. 67. 30, and 
72. 30.; E. Long. 72. and 77. 

OBELISK, a truncated, quadrangular, and slender 
pyramid, raised as an ornament, and frequently charged 
with inscriptions or hieroglyphics. Obelisks appear to have 
been of very great antiquity, and first raised to transmit to 
posterity certain precepts, which were cut in hieroglyphical 
characters ; but they were afterwards used to immortalize 
the great actions of heroes and the memory of persons who 
were beloved. The first obelisk mentioned in history was 
that of Remeses, King of Egypt, which was forty cubits high. 
Phius, another king of Egypt, raised one of fifty-five cubits; 
and Ptolemy Philadelphus, another of eighty- eight cubits, 
in memory of Arsinoe. Augustus erected one at Rome, trans- 
ported from Egypt, in the Campus Martius, which served to 
mark the hours on a horizontal dial drawn upon the pavement. 
They were called by the Egyptian priests the “ fingers of the 
sun,^' because they were made in Egypt to serve also as styles 
or gnomons for marking the hours on the ground. The Arabs 
still call them “ Pharaoh’s needles.” (See the elaborate work 
of Zoega, De Origins et Usa Oheliscorum^ illustrated with 
very beautiful and accurate plates ; Sir G. Wilkinson’s 
dent Egyptians i and articles Aechitecture and Egypt.) 

OBERLIN, Jean Feedeeic, a celebrated philan- 
thropic pastor, was the son of a teacher, and was born at 
Strashurg on the 1st August 1740. Under the religious 
instructions of his mother, and of a devout Lutheran 
preacher named Dr Lorentz, he imbibed that spirit of pious 
zeal which determined his future career. Before the age 
of twenty he had formally dedicated himself to God ; and 
at the close of his university course he became a minister 
of the French Piotestant Church. The great work of his 
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life, however, did not commence until, in 1767, he was Oberlin. 
appointed to the curacy of Waldbach in the valley of 
Ban de la Roche in Alsace. He then found himself among 
a few ignorant and half-savage parishioners, who were shut 
up from the civilized world within the cold bosom of their 
native mountains, were scattered over a stony uncultivated 
valley, lived upon wild apples and pears, and shivered in 
filthy cabins of turf. His first act was an attempt to induce 
the natives to open up their country by making regular, 
highways. But he soon found that all his ardent expositions 
of the advantages of trade could not excite their sluggish 
desires. He therefore seized a mattock, and began to make 
a road with bis own hands. This action struck the peasants 
like an electric shock. They could not stand idly by while 
their delicately-nurtured pastor was sweating in their behalf: 
young and old came flocking to give their assistance; 
highways began to traverse the valley ; a bridge was 
thrown over a turbulent stream that interrupted all inter- 
course with Strashurg ; and in a short time commerce was 
beginning to circulate through the country. The same 
mode of teaching by example was used to introduce agri- 
culture. The pastor brought a patch of ground that was 
by the wayside under cultivation^ the fine crop, as it grew 
ripe, excited the envy of all that passed by ; they came in 
crowds to learn the secret of his agriculture ; he gave them 
both instruction and assistance ; and the result was that the 
desert of Waldbach soon began to “ blossom as the rose.” 

To improve the domestic economy of his parishioners was 
the next endeavour of Oberlin ; and he did it like one who, 
after the example of the Divine Master, deems it a sacred 
task to relieve even the meanest want of humanity. He 
assisted the men in building comfortable cottages; despatched 
the idle boys to the neighbouring districts to learn farming 
or the mechanical trades; set the unemployed girls to 
knitting, straw-plaiting, and cotton-spinning; and instructed 
the housewives in using certain common plants for food and 
medicine. The love and gratitude which the natives felt 
for all these benefits, opened their hearts to receive the 
higher lessons of their pastor. His homely sermons on 
Sabbath, his prayer-meetings during the week, his habit of 
blending religion with all the duties of common life, and 
his humble and active piety — all contributed to soften down 
their rough and stubborn dispositions. He induced them 
to start an itinerant library, to establish the first specimens 
of infant schools that had ever existed, and to build an 
ordinary school at each of the five villages in the parish. 

It was not even thought impertinent when he kept a register 
of their moral characters, and inquired into the most paltry 
of their family affairs. In fact, he had now come to be 
considered the father of his flock ; and no circumstance in 
his large household was thought too trifling to demand his 
loving attention. The latter half of Oberlin’s life was spent 
in superintending the social organization which he had 
established in his parish, in entertaining the many pious 
individuals who came from different parts of Europe to visit 
him, in circulating copies of the Bible throughout France, 
and in advancing the cause of missions in heathen countries. 

He died on the 1st June 1826, and was interred with great 
honour, and in the presence of a great concourse of people, 
at the village of Foudai. The name of Oberlin was 
associated for some time afterwards with the active piety 
of Louisa Schepler, a humble woman, who had lived in his 
house for fifty years in the capacity of servant and house- 
keeper. This simple-hearted peasant continued till her 
death in 1837 to teach in the schools of the valley, to 
consecrate all her little earnings to Christian charity, and 
to wait without remuneration on the children of her 
beloved master. {Bripf Memorials of Oberlin^ by the 
Rev. Thomas Sims, M.A,, London, 1830 ; and Memoirs 
of Oberlin^ with a Short Notice of Louisa Schepler^ 

London, 1838 and 1852.) 
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Oberlin Obeelin, Jeremie Jacques^ a learned antiquary and 
II philologist, the elder brother of the preceding, was born 

Object, at Strasburg in 1735, and entered the university of his 
native place. His career was distinguished from the very 
first by an unwearied devotion to antiquarian research. At 
the end of his philosophical course, he produced a thesis, 
entitled De Veierum JRitu Condiendi Mortuos, Then, 
commencing a theological curriculum, he turned his 
attention exclusively to the archaeology of the sacred 
writings. Nor were his favourite studies discontinued 
when he was appointed assistant and successor to his father 
in the laborious duties of an elementary teacher in the 
gymnasium. He requested and obtained permission from 
the university of Strasburg to deliver a course of lectures 
on the Latin tongue ; he prelected and published manuals 
on archaeology and ancient geography; and he made 
frequent excursions into various provinces of France to 
investigate the antiquarian remains and the provincial 
dialects of the country. At length, in 1782, his appoint- 
ment to the chair of logic and metaphysics at Strasburg 
brought his philosophical activity into full play. He pub- 
lished les Minnesingers in 1782-89; an 

edition of Horace in 1788 ; and Observations concernant 
le Patois et les Meurs des Gens de la Campagne in 1791. 
The troubles of the French revolution interrupted his 
studies ; and in 1793 he was imprisoned for some time at 
Metz ; but on the restoration of tranquillity he returned 
with fresh zest to his books. His edition of Tacitus 
appeared in 1801; and his edition of Caesar in 1805. 
He was engaged in editing Justin, when be was cut oflP by 
a stroke of apoplexy in 1806. 

OBERNAI, or Oberehnheim, a town of France, 
in the department of Lower Rhine, 14 miles N. of Scliele- 
stadt. It is ill built ; ‘ and has a large town^hall, college, 
and hospital; while in the vicinity are the ruins of a palace 
and a convent. Calico, leather, hats, soap, bricks, earthen- 
ware, nails, &:c., are made here. The town was once 
fortified ; and has sustained several sieges. Pop. 5356. 

OBIDOS, a fortified town of Portugal, province of 
Estreraadura, stands on the Arnoia, where it enters the 
lagoon of Obidos, 47 miles N. by W. of Lisbon. It has 
some ancient remains ; and is remarkable for a victory 
gained here by the British under Wellington over the 
French, 15th August 18Q8. Pop. 3000. 

OBJECT AND OBJECTIVE, SUBJECT and SUB- 
JECTIVE, are two pairs of correlative terms, much used 
in philosophical speculation, and not always free from am- 
biguity. The foundation of this capital distinction in 
philosophical terminology is to be found in the ultimate 
analysis of knowledge itself, of which philosophy lays claim 
to be the science. For if knowledge is the result of a re- 
lation between that which knows (the subject) and that 
which is known (the object), it follows that the terms Sub- 
ject and Subjective, Object and Objective, stand forth as 
opposing contraries, to mark off compendiously the grand, 
the fundamental distinction which lies at the root of all 
knowledge. The general discrimination indicated by those 
terms is at once articulate and precise ; but in their special 
application they are liable to ambiguity and equivocation. 
The Subject, as now commonly employed by philosophers, 
denotes that which knows ; and is limited exclusively to 
the Ego, or conscious mind, called by the Germans Das Ich^ 
and by the French Le MoL Subjective, is employed in 
like manner to express what pertains to the mind, the Ego 
or thinking principle. The terms Object and Objective, 
again, are employed generally in contrast and correlation to 
these, to denote that which is known, the Non-ego, with its 
modes and properties, called by the Germans Das Nicht- 
Ich^ and by the French Le Non^MoL But it is obvious 
that the terms Subjective and Objective, while generally 
distinguishing what belongs to mind from what belongs to 
TOL. XVI 
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matter, are not quite thorough and unambiguous in their Oblate 
discrimination. For the object known is not of necessity a I! 
mode of what is called matter, or of the Non-ego. If I am ^ 

conscious of joy or sorrow, for example, or call before my 
imagination the representation of a distant object, it is ob- 
vious that what the mind contemplates is, in this case, 
wholly in and of itself — is as emphatically a mode of 
the Ego as extension is of the Non-ego. But if the phe- 
nomena of the thinking subject can thus become objecti- 
fied, so to speak, and converted into the object known, 
there at once emerges a palpable equivocation in the use 
of the terms Object and Subject. This ambiguity may be 
effectually avoided, however, by coupling with those terms 
a qualifying attribute when it is necessary to do so. While, 
therefore, Subject and Subjective should be employed in 
their simplicity to denote what belongs to, or is dependent 
on, the knowing mind, whether of man in general or or 
some man in particular; and Object and Objective to ex 
press what does not so belong or depend ; some nomen- 
clature is requisite to mark off precisely an object of know- 
ledge as a mode of mind on the one hand, or as something 
different from mind on the other. “ Without, therefore,” 
says Sir William Hamilton, “ disturbing the preceding no- 
menclature, which is not only ratified but convenient, I 
would propose that, when we wish to be precise, or when 
any ambiguity is to be dreaded, we should employ, on the 
one hand, either the terms subject^ object^ or subjective ob~ 
jeet (and this we could again distinguish as absolute or as 
relative) ; on the other, either object-object or objective ob- 
jectr With respect to the alternative indicated above 
parenthetically of the absolute or relative element in sub- 
jective objects, he remarks in another place, “ But the sub- 
ject-object may be either a mode of mind of which we are 
conscious as absolute, and for itself alone, — as, for example, 
a pain or pleasure ; or a mode of mind of which we are 
conscious as relative to, and representative of) sometliing 
else, — ^as, for instance, the imagination of something past 
or present. Of these we might distinguish, when neces- 
sary, the one as the absolute or the real subject-object ; the 
other as the relative or the ideal^ or the representative sttb- 
ject-ohjecU Finally, it may be required to mark whether 
the object-object sjid the subject-object be immediately known 
as present, or only as represented. In this case we must 
resort, on the former alternative to the epithet presentative 
or intuitive ; on the latter to those of represented^ mediate, 
remote, primary, principal” &c. See Hamilton’s edition 
of Reid, note B ; in which there will be found a historical 
and critical exposition of the use of these terms in the 
Greek and scholastic philosophy. (See also Dictionnaire 
des Sciences Philosophiques.) 

It may not be improper to observe, that the words 
Subject and Object, besides possessing the technical sig- 
nification just described, are also used in a popular sense 
entirely different. Thus, in the expression “subject of 
discourse,” the word “ subject” is employed for the ma- 
teria circa quam, where object would be exclusively ap- 
plied in philosophy. Object is also vulgarly used, both in 
France and England, for end, motive, final cause. See. 

OBLATE, flattened or shortened, as an oblate spheroid, 
having its axis shorter than its middle diameter, and being 
formed by the rotation of an ellipse about its shorter axis. 

The earth, the polar diameter of which is shorter than the 
equatorial, is an oblate spheriod. 

OBLIQUE signifies generally something aslant, or de- 
viating from the perpendicular. Thus an oblique angle is 
either acute or obtuse ; that is, any angle except a right one. 

OBLONG, in general, denotes a figure the length of 
which exceeds the breadth ; as, for example, a parallelo- 
gram. 

OBOLLIS, an ancient Greek coin. (See Numismatics.) 

OB 0 JAN, a town of Russia, in the government of 

3 E 
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Kursk, stands at the confluence of the Obojanka and Psiol, 
36 miles S. of Kursk, and about 370 W.S.W. of Moscow. 
It is well built ; has several churches, schools, and hospi- 
, tals ; and drives a flourishing trade in cattle, wax, &c. Pop. 

(1849) 4968. ^ o 7 . 

OBSERVATORIES. (See Astkonomt, Supplement 


OBY, a small island in the Malay Archipelago, S. of Gi- 
lolo ; S. Lat. 1. 30., E. Long. 127. 50. It is about 50 miles 
in length, and varies from 10 to 20 in breadth. It has 
lofty mountains and dense woods, and yields spices and 
sago. The Dutch have a settlement at the west end ; and 
near thisjs another island called Little Oby. 

OCANA, a town of Spain, in the province of Toledo, 
35 miles S. of Madrid, and 26 E. of Toledo. It is an an- 
cient town, built on the sides and top of a hill, and is sur- 
rounded by ruinous walls. The streets are narrow and ill 
built, but there are several handsome squares, churches, 
convents, schools, an hospital, and a prison. The town is 
supplied with water by a stone aqueduct of nineteen arches, 
supposed to have been built by the Romans. Manufactures 
of soap, bricks, earthenware, cloth, &c., are carried on. 
In the neighbourhood the Spaniards sustained in 1809 a 
signal defeat from the French. Pop. 4789. 

OcaSa, a town of New Granada, capital of a province 
of the same name in the department of Guanenta, on the 
Oro, 60 miles N.W. of Pamplona. It stands among the 
Andes ; and there are copper mines in the vicinity. Some 
trade is carried on by the River Oro and the Canaverales, 
into which it falls. Pop. of town, 5500 ; of province, 23,450. 

OCCAM, or OcKHAJM, William of, an English scholastic 
philosopher, and the great champion of Nominalism in the 
fourteenth century, was born at Ockham in Surrey in the 
latter half of the thirteenth century. He repaired to Paris 
at an early age, having been expelled from Oxford for ex- 
citing tumults among the students. On reaching that city 
he joined the ranks of the Franciscans, and sat at the feet 
of their great chief, Duns Scotus, “ the most subtle Doctor.” 
Nothing is known respecting Occam until he appeared as a 
public teacher in Paris. In this capacity he produced an 
extraordinary sensation. By the boldness of his speculations 
and the vehemence of his dialectics, mere tradition, no 
matter how venerable, whether political, religious, or philo- 
sophical, found no quarter with William of Occam. “ The 
invincible Doctor,” as he soon proved himself, threw the 
weight of his influence, as the advocate of Nominalism and 
free opinion, and the sworn foe of Realism and intellectual 
submission, on the side of Philip the Fair of France in his 
contest with Pope Boniface VIIL William published a 
celebrated manifesto in favour of the cause, entitled Dispu- 
tatio super potestate ecclesiastica prcelatis atque principibus 
terrarum eommissa^ which the successor of St Peter did not 
at all relish. The author and his followers were branded as 
innovators in the church as well as in the schools ; and No- 
minalism became with the ecclesiastical party another name 
for heresy. On the death of Boniface, Pope John XXII. 
summoned Occam and his disciples before him at Avignon, 
and the invincible Doctor” only escaped the vengeance of 
his Holiness by a precipitate flight to Bavaria, on the 26th 
of May 1328. Here he gained the protection of Louis, and 
remained till his death, which took place at Munich some 
twenty years afterwards. (For the doctrines of Occam, see 
Nomikalism aot Realism.) 


The followiijig writings compose Occam’s philosophical works ; — 
Su<p4r libroi Sententiarum subtilissimcB qumtionesj fol., Lyon, 1495, 
in which will he found the substance of the author’s metaphysical 
do^rines ; Quodliheta septem, fol., Paris, 1487, and Strasburg, 149X ; 
Svmma hgices, 4to, Venezia, 1591, and frequently reprinted; Major 
$umma logicesj 4to, Venezia, 1622; Qumtiones in libros Fhysicorumy 
foL, Strasburg, 1491, 1506 j Mxpodtio aurea super totam artem vete^ 
rem, midelioet m Forphyrii prcBdicalilia et Aristotelis proedicamentai 
fol., Bologna, 1496. 
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OCCULTATION is that phenomenon in which a star Occulation 
or planet becomes concealed from our view by the inter- [[ 
vention of the moon. (See Astronomy.) ^ Ochino. 

OCCUPANCY, in Law, is the taking possession of that 
which before belonged to no one in particular. This, ac- 
cording to Blackstone {Commentaries, b. ii., c. 16), is the 
true ground and foundation of all property, or of holding 
those things in severalty which by the law of nature, un 
qualified by that of society, were common to all mankind. 

OCEAN. See Physical Geography. 

OCEANIA. See Australasia. 

OCEANUS, an ancient Greek god, was the son of 
Uranus and Gaea, and the eldest of the Titans. Homer 
and Hesiod represent him as a divinity of might and im- 
portance, and they each mention several elements in his 
greatness. He was the father, by Tethys, of the rivers, and 
of the 3000 Oceanides, the goddesses of the rivers ; he 
dwelt in a palace in the far west; and “the ocean stream” 
over which he ruled encircled the whole earth, and touched 
the vault of heaven on every side. 

OCELLUS LUCANUS, a Pythagorean philosopher, 
born in Lucania in Italy, as his name implies, and supposed 
to have flourished during the fifth century b.c. He is said 
to have been a contemporary as well as a disciple of Pytha- 
goras. The only definite information we possess respecting 
Ocellus — and even that is not of the most authentic cha- 
racter — is to be found in two letters cited by Diogenes 
Laertius (lib. viii., c. 80, 81), in which Archytas sends 
Plato a reading of four works of the Lucanian philosopher. 

Plato, in acknowledging the receipt of the precious MSS., 
expresses his admiration of their contents. These books 
contained treatises on Law, on Kingly Rule, on Piety, and on 
the Nature of the Universe. Of these writings, the only one 
which has come down to us is the last, entitled Ilcgl 
ToO 7 ravT 05 (jivcTLos ; written originally in Doric Greek ; but 
the authorship of it is by no means clear. The best 
editions are those of Rudolphi, Leipsic, 8vo, 1801 ; and of 
Mullach, Berlin, 1846. The Marquis D’Argens pub- 
lished an 8vo edition at Berlin, 1762, with a French 
translation and a commentary. There is a good 
edition by Batteux, 3 vols. 12mo, Paris, 1768 ; and an 
English version of Ocellus was published in 8vo, 1831, by 
Thos. Taylor. 

OCHINO, or OcHiNUS, Bernardino, a famous Italian 
ecclesiastic, was born at Sienna in 1487, and assumed the 
monkish garb at an early age. After living for some time 
among the Franciscans, he passed over to the Capuchins, 
and was elevated in 1537 to the rank of general of that 
order. From that time Ochino was distinguished for his 
bold and earnest self-devotion to whatever he considered 
his duty. His simple and touching eloquence was zealously 
exerted in behalf of the church and his own order ; none of 
the favours which admiring princes attempted to heap upon 
him could excite his cupidity ; and he was content to be 
known throughout Italy as an itinerant preacher and a 
squalid, emaciated ascetic. In 1541, when the truth of the 
Protestant doctrines dawned upon him, he did not hesitate 
to cast away the great popularity he had gained in the 
Church of Rome, and to become a fugitive and a wanderer 
for the sake of his honest conviction. After taking refuge 
in Geneva and Augsburg, he found an asylum in England, 
in 1547. The accession of Mary in 1553 drove him back 
to the Continent ; and not until 1555 did he obtain a per- 
manent footing as minister of an Italian church at Zurich. 

Before eight years had passed, his fearless avowal of his 
opinions brought him once more into trouble. Happening, 
in a volume of dialogues which he published, to maintain 
that polygamy was lawful under certain circumstances, he 
was driven forth from Switzerland in mid-winter to find 
another home. He retreated into Poland ; but no heretics 
could remain there. Worn out with age and travel, he 
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Ochil Hills turned to go into Moravia: the plague overtook him at 
11 Slawkow, and he died in 1564. 

O’Connell, Ochino was the author of a collection of sermons, which 
Daniel, pui^Ushed in Italian, at Basle, in 5 vols. 8vo, 1562. 
Several of them have been translated at different times into 
English. He also wrote commentaries on the epistles to the 
Romans and Galatians, and some pamphlets against Popery. 

OCHIL HILLS, a mountain range of Scotland, in the 
county of Perth, about 24 miles in length, and having an 
average breadth of 12 miles. They extend from within 2 
miles of the Forth, near Stirling, in a N.E. direction, to the 
Firth of Tay. The highest point is Bencleugh, at the S.W. 
extremity, 2300 feet above the level of the sea. The geo- 
logical formation is basalt and greenstone, probably cover- 
ing Silurian formations; and iron and copper ores have 
been found. The greater part of the hills afford good pas- 
turage for sheep, 

OCKLEY, Simon, an eminent orientalist, and professor 
of Arabic in Cambridge, was born at Exeter in 1678. He 
was educated at Cambridge, and distinguished himself by 
uncommon skill in the oriental languages. Having taken 
a degree in divinity, he was, in 1705, presented by Jesus 
College with the vicarage of Swavesey, and in 1711 he was 
chosen Arabic professor of the university. He had a large 
family, and his latter days were rendered unhappy by pe- 
cuniary embarrassments. He died in the year 1720. The 
principal works of Ockley are, Litroductio ad Linguas 
Orientates^ 1706; The History of the Jews throughout the 
Worlds from the Italian of Leo of Modena, 1707 ; The Im- 
provement of Human Reason^ from the Arabic, 1708; The 
History of the Saracens, in 2 vols. 8vo, 1708-18. This 
last work was compiled from Arabic manuscripts in the 
Bodleian Library at Oxford, and is justly valued for its 
accuracy and erudition. 

OCLISEER, a town of British India, in the district of 
Broach, presidency of Bombay, 35 miles N. of Surat, and 
50 miles S. of Baroda, on the route between these two 
towns. Pop, 7000, 

O^CONNELL, Daniel, a celebrated political agitator, 
was born at Carhen, in the neighbourhood of Cahirciveen, 
in the county of Kerry, on the 6th of August 1775. He 
was descended from an old Roman Catholic family in 
his native county, who could boast more of the antiquity 
of their descent than of the affluence of their circumstances. 
His father, Morgan O’Connell, if not a rich man, possessed 
at least a tolerable competence, the fruits of his own in- 
dustry and prudence ; and enjoyed the advantage, during 
those stirring times, of comparative seclusion amid the 
romantic wilds of Kerry. Daniel received his first lesson 
from a poor old hedge-schoolmaster, who being engaged 
on a begging expedition, took a fancy for the child, and is 
said to have taught him his alphabet at a single sitting. 
At the age of thirteen O’Connell was sent to a school at 
Redington, Long Island, near Cove, conducted by a Ca- 
tholic priest named Harrington. After spending a year at 
this institution without, according to Fagan, giving much 
indication of superior talent, young O’Connell and his 
brother were removed by their uncle Maurice, who had 
adopted the lads, with the design of being sent to some 
suitable place of learning on the Continent. They accord- 
ingly entered the Jesuit’s college of St Omer’s in France 
in 1791, and after remaining a year there, they removed to 
the English college of Douai. At the former institution 
Daniel seems to have carried all before him, and the prin- 
cipal, Dr Stapylton, wrote of him when leaving, “ I never 
was so much mistaken in my life as I shall be, unless he 
be destined to make a remarkable figure in society.” The 
outbreak of the French revolution brought their studies to 
a close, and the two young Irishmen turned their faces 
towards England the same day the unfortunate Louis lost 
his head at Paris. The atrocities of the Reign of Terror 
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produced a strong impression on the mind of O’Connell ; O’Connell, 
and he had no sooner got on board the English packet-boat l^aniel. 
at Calais than he plucked the tricolor cockade from his 
cap, trampled it under his feet, and flung it into the sea. 

He returned to Ireland, he said, almost a Tory at heart.” 

During his absence the rigour of the penal laws against 
Roman Catholics had become somewhat relaxed; and 
the profession of law was now thrown open to the Catho- 
lic as well as the Protestant. O’Connell resolved to pre- 
pare himself for the Irish bar, and became a student at one 
of the Inns of Court in London in 1 794. He was called 
to the bar in 1798, and commenced a most brilliant career 
as a legal pleader. Politics do not seem to have occupied 
much of his public attention at this period, and he even 
held aloof from the wild and unscrupulous revolutionists of 
his time. The policy which ‘subsequently guided his pub- 
lic life had already taken hold of his mind. He would 
accept of no social amelioration at the cost of a single drop 
of blood.” 

O’Connell made his first public appearance at a political 
meeting held by the Catholics of Dublin in the Royal 
Exchange Hall, on the 13 th of January 1800, to petition 
against the proposed union of the English and Irish legisla- 
tures, In this short speech are to be found in germ the fun- 
damental ideas of his public life. There is a certain stiff- 
ness and formality about it, doubtless incidental to youth 
and inexperience ; but it is pervaded by a sturdy energy 
and clear-headed determination which gives, solidity to his 
patriotic indignation, and commands instant respect. From 
this period O’Connell gradually assumes a leading place 
among the political agitators of the day. In 1802 he was 
privately married to his cousin Mary, daughter of Dr 
O’Connell of Tralee. The disastrous insurrection of 1803, 
known as “ Emmett’s rebellion,” found O’Connell enrolled 
among the lawyer’s infantry ” in the general arming which 
then took place. The calamitous results of that unhappy 
movement, and the temporary cruelties which it entailed, 
served more and more to inflame the passions of the dis- 
affected, and gave an increasing prominence to the Ca- 
tholic question.” The Catholic Board,”’ having incurred 
the displeasure of the government, was dissolved by pro^ 
clamation in 1804 ; but the zeal and activity of its ad- 
herents succeeded in reviving it soon after under the title 
of the Catholic Committee.” Regular reports of the 
debates of this body are to be found in the Dublin news- 
papers from 1808. O’Connell, who was now in good 
practice, and who seems to have been regarded as the 
most promising barrister of the day, directed his surprising 
energies more systematically and continuously to the cause 
of the Roman Catholics ; and became the acknowledged 
leader of political reform in Ireland. It is to this period of 
his life that O’Connell alludes in his pamphlet written in 
reply to the attack of Lord Shrewsbury in 1842, when he 
rebuts the taunt of receiving the rent,” as it was called, 
in the following words: — “For more than twenty years 
before emancipation, the burden of the cause was thrown 
upon me. I had to arrange the meetings, to prepare the 
resolutions, to furnish replies to the correspondence, to ex- 
amine the case of each person complaining of practical 
grievances, to rouse the torpid, to animate the lukewarm, 
to control the violent and the inflammatory, to avoid the 
shoals and breakers of the law, to guard against mul- 
tiplied treachery, and at all times to oppose, at every peril, 
the powerful and multitudinous enemies of the cause. . . . 

At that period, and for more than twenty years, there was 
no day that I did not devote from one to two hours, often 
much more, to the working out of the Catholic cause, and 
that without receiving or allowing the offer of any remu- 
neration, even for the personal expenditure incurred in the 
agitation of the cause itself.” The most painful occurrence, 
of a personal kind, of O’Connell’s entire career took place 
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O'Connell, in 1815. Having applied the term beggarly” in one of 
DanieL his speeches to the Dublin corporation, one of the mem- 
bers of that body, Mr D’Esterre, came forth in defence of 
its injured dignity, and demanded satisfaction from the 
agitator. A duel followed, which ultimately proved fatal 
to D’Esterre. O’Connell never ceased to express the most 
painful regret at the issue of this melancholy affair. Beyond 
the general indication just given of the services rendered 
by him to the cherished cause, nothing of very special im- 
portance in O’Connell’s career demands attention until the 
summer of 1828, when the decisive struggle for Roman 
Catholic emancipation had reached its crisis. A vacancy 
having occurred in the representation of the county of 
Clare in the month of June of that year, O’Connell was 
proposed as a candidate, despite his adherence to the Ro- 
man Catholic faith, and was returned to Parliament by a 
great majority. On reaching Westminster, he refused to 
take the oaths, which had been framed with the express 
design of excluding Roman Catholics. The attitude 
which he assumed had the effect of bringing the civil dis- 
abilities of his party prominently before the nation. A 
year passed away full of keen and noisy debate, both in and 
out of Parliament, without any decisive result ; yet the in- 
fluence of intelligent public opinion, even among Protes- 
tants, was waxing so strong in favour of Catholic emanci- 
pation, that the following year witnessed the repeal of the 
last of those civil disabilities to which Roman Catholics 
had been so long and so unjustly subjected. O’Connell 
took his seat as a member of Parliament in May 1829. 
Here he seems to have been both feared and disliked, and 
was received by the House with the most icy coldness. 
The day came, however, when his matchless oratorical 
powers were recognised, and he ultimately became perhaps 
the most attractive debater in the House of Commons. 
(See an excellent sketch of the public speakers of that 
period in the JVew Monthly Magazine for 1832.) The 
career of O’Connell is of necessity so much interwoven with 
the public history of the time, from his entry upon his par- 
liamentary duties, that the reader will find his subsequent 
history placed in the most intelligible light by referring to 
the articles Britain, and Ireland. At the general elec- 
tion in 1 830 he was returned for his native Kerry. He 
represented Dublin from 1832 to 1835, when he was un- 
seated. The following year he sat for Kilkenny ; in 1-837 
he was once more returned for the capital; and in 1841 
he was chosen representative of the county of Cork, The 
Conservatives came into power in 1841, and the great 
Irish agitation in behalf of the repeal of the Union began 
to assume a formidable character. ‘‘Monster meetings” 
were held all over die country. The “ rent,” or annual 
subscriptio-n for the support of the “ Liberator” and the 
cause of repeal, poured in in the most cheering manner ; 
and O’Connell strove to unite all Irishmen in the struggle. 
He announced in the Repeail Association — “ 1843 is, and 
shall be, the great repeal year,” Spots rendered sacred by 
tradition and song were chosen as rallying-points for the 
indignant display of popular independence ; and the royal 
hill of Tara, the curragh of Kildare, and the rath of Mul- 
laghmast, shook with the noisy patriotism of thousands upon 
thousands of wild ignorant Irishmen. The chief laid 
aside for a time the dignified eloquence of the senator, and 
adopted a style better adapted to captivate the hearts of 
his admiring fellow-countrymen. Like Nestor of old in the 
camp of the Greeks, “ the words distilled from his lips like 
honey but it is to be feared there was more blarney” 
than wisdom in them. No man knew better than O’Con- 
nell what to say, and when to say it ; and if he treated the 
House of Commons to splendid displays of fiery logic, im- 
passioned invective, and brilliant retort, be knew well 
where a slight touch of swagger gave a man a kingly air, 
where a rare joke went farther than a good argument, 
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where big words passed for wisdom, and loud ones for Octagon 
courage, “ The great Irish people ” who believed in re- || 
peal were down on their knees before the “ Liberator : ” his 9ctavia. 
heart was cheered within him ; and out of the abundance of 
his generosity he made the most liberal promises. “I 
hope,” he said, “ to be able to give you, as a New Year’s 
gift, a Parliament in College Green.” Other cheer awaited 
that festive season, however. Another “ monster meeting” 
was projected at Clontarf, three miles from Dublin, at which 
the choice of those swaggering patriots were to appear on 
horseback, and parade b^efore the idle and applauding mul- 
titude as the glorious “ Repeal Cavalry.” But the Irish go- 
vernment failed to sympathize with this grand conception ; 
and the iron hand of power was lifted menacingly in the 
face of repeal. The prohibitory proclamation of govern- 
ment was followed up by a peaceful recommendation from 
the “ Liberator,” who always strove to steer clear of a phy- 
sical collision. This proclamation was issued on the 7th of 
October 1843, and ere seven days had passed, the Chief 
and a number of the leading repealers were arrested on 
a charge of conspiracy and sedition. O’Connell had, 
throughout his entire career as apolitical agitator, manifested 
the most consummate skill and self-command in con- 
stantly treading on the very verge of constitutionalism, and 
yet always keeping within the bounds of strict legal activity. 
Attempts had previously been made to convict him of 
sedition, but to no purpose. But the flush of success of 
“the great repeal year” apparently threw him off his guard, 
and the “ Liberator” was now within the clutches of the 
law. After a trial of twenty-four days, the Irish judges 
sentenced O’Connell to imprisonment for twelve months, 
with a fine of L.2000, and bound him over to keep the 
peace for seven years. The judgment was carried before 
the House of Lords, and the decision of the Irish judges 
was reversed. This trial had the effect of dissolving the 
charm exercised by the “ Liberator” in Ireland: it well 
nigh beggared the Repeal Association, and indeed gave 
the death-blow to the entire movement. O’Connell’s doc- 
trine of the absolute renunciation of physical force in seek- 
ing political amelioration met with no favour at the hands 
of the “Young Ireland” party ; and in 1846 they seceded 
from a leader who had been the champion of the cause for 
forty years. The Irish famine was only needed to break the 
spirit of the indomitable O’Connell. With failing health 
and a heavy heart, he set out on a devotional pilgrimage to 
Rome in 1847, but he had only reached Genoa, when he 
was suddenly called to lay down his load on the 15th of 
May of the same year. At his own request, his heart was 
embalmed and borne to Rome, and his body was carried 
back to the land which he had loved so w^ell. He left 
three daughters and four sons to lament his loss. His 
eldest son Maurice, for many years the representative of 
Tralee, died in 1853. The Memoir on Ireland written 
by O’Connell never got beyond the first volume. 

(See the Life and Speeches of Daniel O’Connell, J/.P., 
by his son, John O’Connell, M.P., 2 vols., 1846; The 
Life and Times of Daniel O’Connell, by William Fagan, 

M.P., 2 vols., 1847 ; Personal Recollections of Daniel 
O’Connells by Daunt, 2 vols., 1848 ; Last Days of Daniel 
O’Connell, by Maccabe, 1847.) (j. d — s.) 

OCTAGON, an eight-sided polygon. (See Geometry.) 

OCTAHEDRON, one of the five regular solids con- 
tained by eight equal and equilateral triangles. (See Geo- 
metry, part ii.) 

OCTAVIA, the youngest daughter of Caius Octavius, 
and the sister of Augustus. She was the widow of Caius 
Marcellus in 40 B.C., when her brother and Mark Antony 
concluded their recent variances by a formal treaty of 
agreement Her marriage with the latter was then pro- 
posed as a means of still further strengthening the union 
between the two triumvirs. To save her country from 
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Octavia civil broils, and to please her brother, the noble-minded 
II matron sacrificed herself, and wedded the notorious liber- 
Ode. tine. It soon appeared that along with her hand she had 

— given her life’s devotion. As long as Antony remained at 
home, her wisdom, her virtues, and the charms of her ma- 
ture beauty, were zealously employed to keep him on good 
terms with Octavianus. When he deserted her in 36 b.c., 
for the syren charms of Cleopatra, her conjugal fidelity re- 
mained unabated. In the following year she set out for 
Egypt to endeavour to regain his vagrant affections ; on 
receiving at Athens an order from him to return home, she 
immediately obeyed ; and it was not until, in 32 b.c., he sent 
her a bill of divorce, that she could be prevailed upon to 
leave his house in Rome. Even after his death in 30 b.c., 
she did not think that her obligations to serve him were 
at an end. She continued to bring up his younger son by 
his first wife Fulvia ; and when his children by Cleopatra 
were brought to Rome to grace the triumph of Octavianus, 
she adopted them into her own family. Octavia had now 
for several years been constantly attended by misfortune ; 
but the great and the closing sorrow of her life was yet to 
come. In 23 b.c. Marcellus, her son by her first husband, 
the idol of the Roman people, and the heir-presumptive to 
the empire, died at the age of twenty. She fell into a state 
of melancholy, which continued till her death in 1 1 b.c. 

The great worth of Octavia was celebrated by a public 
interment, and by a funeral oration delivered by her impe- 
rial brother. Her memory was preserved by a magnificent 
edifice built by Augustus, and called ‘‘ Porticus Octavise.” 

OcTA-ViA, the grand-daughter of the preceding, was the 
daughter of the Emperor Claudius and Messalina, and was 
born about 42 a.i>. Her short life was a series of the most 
cruel wrongs. At the age of six she was betrothed to 
Lucius Silanus, a young man of noble birth. About her 
eleventh year this betrothal had been nullified by the de- 
signs of her step-mother, the infamous Agrippina ; and she 
was married to Nero, the son of the latter, and the heir to 
the empire. Nine years afterwards Nero, by that time 
emperor, divorced her on the charge of sterility, in order 
to make room for Poppsea. The innocent young princess 
next became the victim of the systematic vengeance of her 
triumphant rival. An attempt was first made to force her 
servants to accuse her of incontinency ; but not even the 
torture could wring from them a word against the reputa- 
tion of their mistress. She was then exiled into Campania; 
but the people soon brought her back to Rome in triumph. 
At length the slave Anicetus was hired to procure her 
condemnation, by swearing that he had been her paramour. 
The helpless girl, in her twentieth year, was immediately 
taken away to the island of Pandataria to be put to death. 
Her veins were opened by the soldiers; extreme fear, how- 
ever, prevented the blood from flowing ; and it was found 
necessary to stifle her in the steam of a hot bath. The 
woes of Octavia form the subject qf a tragedy found among 
the works of Seneca, and they have also been dramatized 
by Alfieri. 

OCTOBER, in chronology, the eighth month, as the 
name implies, of the old Roman year; but the tenth in 
tlie calendar of Numa, Julius Caesar, &c. The senate 
gave this month the name of Faustinus^ in compliment to 
Faustina, the wife of the Emperor Antoninus ; Commodus 
wished it to be called Invictus ; and Domitian named it 
Domitianu& ; but in spite of all these attempts it still retains 
its original name. This month was sacred to Mars ; and 
a horse, called the October Fquus^ was annually sacrificed to 
that deity. A race was run with chariots previously to th^ 
sacrifices, when the fleetest horse was made the victim. 

ODE, a short lyrical poen^ containing a vivid expr^sron 
of the feelings of the poet in moments of high ejs^citement. 
Among the Greeks and Romans the ode (^8??, a song) was 
intended to be sung, and was usually accompanied by some 
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musical instrument, especially the lyre. Hence the ex- Odeipore 
pression ‘‘ lyric poetry,” of which the earliest forms seem 
to have been the ode. The most celebrated classical odes 
are those of Pindar, Anacreon, and Horace, which are still 
recognised by the moderns as models in that species of po- 
etici composition. In the modern use of the word, how- 
ever, the ode differs, on the one hand, from the song, by 
greater length and variety, and by not being necessarily 
adapted to music ; and, on the other, from the ballad, by 
generally excluding narrative, and limiting its range exclu- 
sively to the expression of feeling or passion on a given 
subject. In English literature the odes of Dryden, Gray, 
and Collins are much esteemed. (See PoEmr.) 

ODEIPORE, a raj of British India, under the jurisdic- 
tion of the political agent for the S.W. frontier of Bengal ; 

N. Lat. (of centre) 22. 40., E. Long. 83. 23. ; area 2306 
square miles. This territory was forfeited to the British 
government on account of the systematic crimes of the 
rajah, and the want of direct heirs. The annual revenue is 
estimated at L.loOO. Pop. 133,000, The chief town is 
Odeipore, 183 miles S. of Benares, and 320 W. of Cal- 
cutta, 

ODENATHUS, a famous prince of Palmyra, and hus- 
band of the celebrated Zenobia. (See Palmyra..) 

ODENSE, a seaport-town of Denmark, capital of the 
island of Funen, on the N. bank of the Odense- Aue, a 
small stream flowing into the fiord of the same name, 88 
miles W. by S. of Copenhagen, It is one of the oldest 
places in Denmark, and is said to have been founded by 
Odin, whose grave is shown about a quarter of a mile to 
the N. of the town. The cathedral, in the Gothic style, 
founded by Canute IV. in 1080, and completed in 1301, 
is one of the finest ecclesiastical buildings in Denmark, 
and contains the tombs of several Danish kings. There 
are here also an old episcopal palace, a royal palace, a 
town-hall, several schools, a tlieatre, two public libraries, 
an hospital, &c. The manufactories of the place consist of 
breweries, distilleries, iron-foundries, and woollen mills; 
and some trade is carried on, which is facilitated by several 
harbours near the town. Pop. (1851) 11,122. 

ODENS WALD, a range of mountains of Western Geiv 
many, in Hesse-Darmstadt, stretching northwards from 
Heidelberg to Darmstadt, Its length is about 45 miles ; 
and the highest point is the Katzenbuckel, 2300 feet above 
the sea. The western slopes consist of granite and gneiss, 
and the eastern of sandstone. The higher elevations are 
well wooded, and the lower regions cultivated. Several 
remains of Roman forts exist here, 

ODER, a river of Europe, rises in Moravia, about 15 
miles E. of Olrniitz, flows N.E. to the confines of Prussia, 
then turns to the N.W., and flows generally in that direc- 
tion as far as Oderberg in Brandenburg, where it turns to 
the N.E., and discharges its w^aters through the Grosse 
Haff into the Baltic. Its whole length is 550 miles ; and 
it is navigable for vessels of 50 tons as far as Breslau, and 
for small boats up to Ratibor in Prussian Silesia. It receives 
from the right the Malapane, Bartsch, and Wartha ; and 
from the left the Oppa, Silesian and Bohemian Neisse, 

Katzbach, gnd Bober. The principal towns on its banks 
are Breslau, Glogau, Frankfort, Custrin, and Stettin. This 
river is connected by canals with the Elbe, the Spree, and 
the Vistula. 

ODESSA, a town of European Russia, in the govern- 
ncient of Kherson, stands on the north-western shore of the 
Black Sea, 90 miles W,S.W, of Kherson, and 390 N, of 
Constantinople ; N. Lat. 46. 28., E. Long. 30. 43. Placed 
between the mouths of the Dniester and Bug, and not far 
from that of the Dnieper, the site is very favourable for 
commerce, 

From the reign of Peter the Great, Russia had been 
steadily looking forward to a maritime preponderance, both 
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Odessa, military and commercial, in the Black Sea ; and soon after 
the peace of Jassy, by which the province of Kherson was 
ceded to Catharine, that princess selected as the place for 
a commercial emporium a village called Kodschabeg, then 
inhabited only by a few fishermen. The town was founded 
in 1794; and the first settlers were a number of Greek 
families, who were induced to remove thither from other 
portions of the country which had been recently given up 
by the Turks. When the Emperor Alexander I. ascended 
the throne, he entered with zeal into the project which 
Catharine had formed. The French emigrant Duke of 
Richelieu, who had entered the Russian service, vvas ap- 
pointed governor, and displayed great zeal and judgment. 
Under his administration Odessa rapidly rose in prosperity ; 
so that by the year 1804 the inhabitants had increased to 
the number of 15,000. A fortress, a lighthouse, and a laza- 
retto, were constructed, as well as a mole to secure 300 sail 
of vessels from the S.W. winds, which sometimes blow 
with prodigious force. In 1817 the inhabitants were ex- 
empted from taxes for thirty years ; and the port was de- 
clared to be an open one. All goods of every kind could 
now be imported without duty for the consumption of the 
city, or for re-exportation, but were chargeable with duty on 
passing into the surrouning country. This gave a great 
impetus to its advancement, which still operates. During 
the late Russian war the batteries of Odessa fired upon the 
Furious, a British steam-frigate under a flag of truce, on 
the 14th of April 1854 ; and as no reparation was made for 
this breach of the laws of war, a squadron of the allied fleet 
bombarded the place on the 22d of April, and greatly in- 
jured the fort, the batteries on the moles, and the vessels 
in the harbour. On the 12th of May the steam-frigate 
Tiger, which ran aground in a fog, was fired at by the ar- 
tillery of Odessa. The vessel was destroyed, the captain 
mortally wounded, and the crew captured. 

The prosperity of Odessa has risen in a great measure 
from its maritime accessibility. It has a spacious bay, 
which, though open to the easterly winds, is tolerably se- 
cure ; it is very extensive, and the anchorage ground is 
good. There is a kind of harbour formed by two moles, 
about two-thirds of a mile in length, and a handsome quay 
capable of accommodating 300 vessels. The town is re- 
gularly built ; the streets are wide and straight ; and the 
houses are for the most part built of stone, and two stories 
in height. The streets are, however, but partially paved. 
Odessa is defended by a strong citadel on the N.E., 
which has a double ditch and also several outworks ; and 
there are also batteries on the moles and on the shore be- 
tween them. Among the public edifices, the most conspi- 
cuous is the cathedral, a large and elegant pile. There 
are a number of other churches for the Greek worship; 
and the Jews, Roman Catholics, and German Lutherans 
have their respective places of worship. A college has 
been established, with a museum and botanic garden. 
The admiralty, hospital, exchange, and theatre (where 
plays, in the Russian and Greek languages, and Italian 
operas, are performed), are fine buildings. The town has 
several schools, a lazaretto, barracks, and the governor’s 
house, containing the public offices. Along the quay runs 
a boulevard, lined with handsome houses, and adorned with 
a statue of Richelieu. Most of the water is brackish ; and 
to provide that necessary element in purity, an aqueduct 
has been constructed at great expense, which conveys it 
from a distance of nearly 20 miles. The climate is healthy, 
though the summer is intensely hot. Winter is short, but 
severe, the sea being more or less frozen for about two 
months. 

The rapid growth of Odessa depends wholly upon its com- 
merce, the sources of which are to be found in the fertil- 
ity of its surrounding soil and that of the more distant dis- 
tricts, to which there is easy access. The steppes, which 
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form a semicircle around Odessa, extend to nearly 100 
miles from the city. This district is destitute of trees and 
of running water, but the soil is said to be favourable to the 
growth of corn, especially of wheat. There are many gar- 
dens and vineyards in the vicinity of Odessa; and the 
melons raised here form a favourite article of food. 

The soil of the districts bordering upon the northern side 
of the steppes, even with the negligent husbandry it re- 
ceives, is most abundantly productive of wheat. Indeed, 
there is no part of the world known in which, in propitious 
seasons, the increase of grain is so great. It is, however, 
liable to great variations in its growth, and sometimes 
years occur when the increase is very insignificant. The 
quantities of wheat exported from Odessa in each year 
from 1847 to 1852 may be seen from the following table : — 


Years. 

Q.rs. 

Years. 

Q,rs. 

1847 

2,016,692 

1850 


1848 

1,409,963 

1851 


1849 

1,127,000 

1852 

1,362,251 


The quantity of Indian corn exported in 1852 was 
225,635 qrs. ; of rye, 216,229 qrs. ; of barley, 35,102 
qrs. ; of oats, 6918 qrs.; and of pulse, 4291 qrs. The 
corn of Odessa is for the most part conveyed to the 
coasts and islands of the Mediterranean, and also in 
large quantities to Britain, to which there were exported 
from this place in 1852, 570,237 qrs. of wheat, 222,276 of 
Indian corn, 3644 of rye, 23,875 of barley, 1296 of oats, 
and 404 of peas. Of linseed there were exported in 
1852, 135,880 qrs.; of tallow, 38,575 cwt.; of candles, 
5688 cwt.; of wool of various sorts, 74,864 cwt.; of 
hides, raw and dressed, 1877 cwt.; of copper, 8133 cwt; 
and of cables and cordage, 13,227 cwt. To the United 
Kingdom were exported, in 1852, 83,050 qrs. of linseed, 
and 16,450 cwt. of wool, besides smaller quantities of other 
articles. The total value of the exports from Odessa was 
estimated in 1852 at L.3, 976,754. The imports consist 
chiefly of wine, porter, rum, sugar, tobacco, fruits, lead, tin, 
zinc, coals, hardware, machinery, and linen, woollen, silk, 
and cotton goods. The total value of the articles imported 
in 1852 was estimated at L.1,637,895. The number of 
vessels that entered the port in 1851 was 698, and the ton- 
nage 196,218, including 126 British vessels, with a tonnage 
of 37,531. The number that cleared was 729; tonnage, 
203,842 ; and among these, 130 British, tonnage, 38,830. 

The inhabitants are of very mixed races, but consist 
chiefly of Russians, Greeks, and Jews. German handi- 
craftsmen are also to be found amongst them in consider- 
able numbers ; whilst the more extensive mercantile houses 
are composed of Italians, English, French, or Armenians. 
In no spot perhaps in Europe are there so great a number 
of languages spoken as on the exchange of Odessa. The 
admixture of oriental dresses, manners, and languages pre- 
sents a very novel and lively picture ; and the bazaars con- 
tain all the productions of the East, from Persian shawls 
down to rose-pastilles. Pop. (1850) 71,392. 

ODIHAM, a market-town of Hampshire, England, 37 
miles N.E. of Southampton. It stands on the N. side of a 
chalk down, and consists of a well-built main street and 
two others of smaller size. The parish church is an old 
brick edifice, with a square tower. There are remains of 
an ancient palace, and a ruined castle in which David I. of 
Scotland was imprisoned for eleven years. Lily the gram- 
marian was born at Odiham in 1468. Pop. (1851) of the 
parish 2811. 

^ ODIN, the supreme divinity of the ancient Scandina- 
vians. (See Mythology.) 

ODOACEB, the first barbarian king of Italy, was the 
son of Edecon, the minister of Attila. In 476 he wrested 
the sceptre from the hands of Romulus Augustulus, the last 
Roman emperor of the West; and in 493 he was deposed 
and assassinated by Theodric the Ostrogoth. (See Italy.) 


Odiham 

Odoacer. 
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ODONTOLOGY. 


INTRODUCTIOIf. 

Introduc- ODONTOLOGY^ is that branch of anatomical science which 
tion. treats of the teeth. The term “tooth” has been applied in 
Zoology and Zootomy to various organs and parts ; usually 

Definition, to such as are so solid, so shaped, and so situated in animal 
bodies, as to serve for seizing and operating on the food ; 
but it has been also applied to parts, such as the promi- 
nences on the hinge of bivalve shells, which have no rela- 
tion to the digestive function. The silicious spines of in- 
fiisory animalcules, the calcareous jaws of sea-urchins, the 
chitinous hooks and booklets of sea- worms, and many cor- 
responding parts of invertebrate animals, are described as 
“ teeth but the present essay exclusively relates to those 
bodies, hardened chiefly by the phosphate of lime, which 
are attached to parts of the mouth or beginning of the 
alimentary canal, and which are peculiar to the vertebrated 
classes of animals. 

The term “ tooth” is immediately derived from the Teu- 
tonic word tuntliy which we may trace through the old 
English or Anglo-Saxon tain>> the Danish tand^ the Ger- 
man zahn^ the Latin dem^ the French dent^ the Italian 
dente^ the Greek odous^ odontes^ the Welsh dant^ the Erse 
dend, and the Lithuanic dantis^ to the Sanscrit mother- 
root dantas: these synonymes being strikingly illustrative 
of the coincidence, in one of the primary words, of a natural 
class of languages which prevails from Central Asia, west- 
ward, over Europe, and of the unity of stock of the great 
Indo-European family of mankind. 

True calcified teeth are primarily, if not permanently, 
distinct parts from the bony skeleton, and are exposed, save 
where their development is prematurely arrested, as, 
in the rudimental tusk of the narwhal. The exceptions to 
their calcified condition in the Vertebrata are very few; 
such, e.g,, as the horny teeth in the Myxinoid fishes and 
the Monotremes. But true calcified teeth vary in their 
tissue and composition, and still more in regard to number, 
size, form, structure, position, and mode of attachment in 
difierent animals. They are principally adapted for seizing, 
tearing, dividing, pounding, or grinding the food : in some 
they are modified, to serve as w^eapons of offence and de- 
fence ; in others as aids to locomotion, means of anchorage, 
instruments for uprooting or cutting down trees, or for 
transport and working of building materials. They are 
characteristic of age and sex; and, in man, they have second- 
ary relations subservient to beauty and to speech. 

Teeth are always most intimately related to the food and 
habits of the animal, and are therefore highly interesting 
to the physiologist. They form, for the same reason, most 
important guides to the naturalist in the classification of 
animals; and their value as zoological characters is enhanced 
by the facility with which, from their position, they can be 
examined in living or recent animals ; whilst the durability 
of their tissues renders them not less available to the 
palaeontologist in the determination of the nature and affi- 
nities of extinct species, of whose organization they are 
often the sole remains discoverable in the deposits of former 
periods of the earth’s history. 

Teeth are composed of a cellular and tubular basis of 


animal matter containing earthy particles, a fluid, and a vas- Introduc- 
cular pulp. In general, the earth is present in such quantity 
as to render the tooth harder than bone, in which case the 
animal basis is gelatinous, as in other hard parts where a Composi- 
great proportion of earth is combined with animal matter. In 
the very few instances among the vertebrate animals above 
cited, where the hardening material exists in a much 
smaller proportion, the animal basis is albuminous; the 
teeth here agree, in both chemical and physical qualities, 
with horn. 

Teeth rarely consist, like bones, of a uniform or nearly 
uniform substance, but are composed to two or more tis- 
sues, characterized by the proportions of their earthy and 
animal constituents, and by the size, form, and direction of 
the cavities in the animal basis which contain the earth, the 
fluid, or the vascular 
pulp. The tissue 
which forms the body 
of the tooth is called 
“ dentine” (Lat. den- 
tinum; Gevm.zahn- 
bein^ zahnsuhstanz ; 

Fr. Vivoire) ; (fig. 1, 
d). The tissue which 
forms the outer crust 
of the tooth is called 
‘^cement” (Lat. ccs- 
mentum^ crusta petro- 
sa) ; (figs. 1 and 5, c). 

The third tissue, when 
present, is situated 
between the dentine 
and cement, and 
is called enamel ” 

(Lat. encaustum^ ad- 
amas) ; (figs. 1 and 
5 , €)• 

Dentine consists of 
an organized animal 
basis, and of earthy 

particles: the basis is disposed in the form of compart- 
ments (fig. 3, a), of minute tubes (fig. 3, d), and cells (fig. 

3, g ) ; the particles have a twofold arrangement, being 
either blended with the animal matter of the interspaces 
(c) and parietes (d) of the tubes and ceils, or being con- 
tained in a minutely granular state in their cavities. The 
density of the dentine arises principally from the propor- 
tion of earth in the former of these states of combination. 

The tubes and cells contain, besides the ^anular earth, a 
colourless fluid, probably plasma,” or liquor sanguinis,” 
in a delicate cellular tissue, and thus relate not only to the 
mechanical conditions of the tooth, but to the vitality and 
nutrition of the dentine. 

Approximative steps to the recognition of the true nature 
of teeth were made by Purkinje^ and Retzius;® but the 
first definite and unequivocal announcement of the observed 
organic connection between the vascular and vital soft parts 
of the frame and the hard substance of a tooth, was com- 
municated to the Institute of France in 1839.* ‘‘ If the 



Fig. 1. 

Section of Human Molar Tooth Cniagn.> 


1 From a tooth, and ?Loyo^, a discourse, 

2 Be penitiori Bentium Humanorum structi*rd Ohservationes (Fraenkel), and Meletemata circa Mammalium Bentium Evolutionem (Rash- 

kowj, 4to, 1835. 3 Mikroskopisha Undersokningar bfver Jadernes s’dr deles Tandhenets strwktur, Stockholm, 1837 , 

^ “Mais ei un hulbe, dans ces conditions, est sousmis au microscope, et compare i un bulhe encore depourvu de matiere calcaire, on 
voit qu’il n’est plus revetu de la membrane lisse, dense, que Ton observe dans ce dernier ; et le bord apical du bulbe dont on a d4tachd 
son 4tai emaill4 parfiit villeux et flocconeux.’^ , . . , “ A mesure que la formation de la dent est plus avanc^e, il devient plus difficile 
de separer la portion calcifl^e du bulbe de la portion non calcifile, et en mSme temps plus facile de decouvrir la continuation des pro- 
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Introdttc* pnlp of a growing tooth bo submitted to microscopical 
tion. examination, and compared with a pulp before it has begun 
to be calcified, it will be seen to be not covered by any 

Nature of outer membrane, like the so-called * membrana propria, or 

tooth. smooth dense covering of the uncalcified pulp ; but the 

surface of the pulp, from which the calcified sheath has 
been removed, will appear cottony and villous: in propor- 
tion as the tooth is more advanced in its formation, it be- 
comes more difficult to separate the calcified from the non- 
calcified part of the pulp, and at the same time more easy 
to discover the continuation of the prolongations of the 
pulp in the interior of the numerous medullary canals which 
constitute so many distinct centres of radiation for the 
plexiform dentinal tubes.” This discovery of the organic 
connection between the pulp and the canals of the dentine, 
made by observation of the development of the teeth of the 
shark, was affirmed to be applicable to the teeth of Mam- 
malia : it was only the excessive smallness of the dentinal 
tubes in the latter which rendered invisible to the naked 
eye the irregularity of the uncalcified surface of the pulp, 
when the calcified part was detached in a growing tooth. 
The apparent smoothness of such exposed surface was 
illusory. 

Dr Schwann, in his important essay on the correspon- 
dence in structure and development between animals and 
plants,^ spoke of the ‘‘presumed” transition of the cells of 
the pulp into the dentinal tubes, which he calls “ fibres,” 
but leaves that capital fact as one still of uncertainty, and 
questionable. The author of the present article published 
the full evidence of his original propositions, above cited, 
in his work entitled Odontography^ 4to, 1840-1845, and 
was able to give more direct testimony of the continuation 
of filamentary processes of the pulp into the minute tubes 
of hard dentine, on the occasion of anatomizing a full-grown 
male elephant in 1850. “ I had the tusk and pulp of the 

great elephant at the Zoological Gardens longitudinally 
divided, soon after the death of that animal in the summer 
of 1847. Although the pulp could be easily detached from 
the inner surface of the pulp-cavity, it was not without a 
certain resistance, and when the edges of the co-adapted 
pulp and tooth were examined by a strong lens, the fila- 
mentary processes from the outer surface of the pulp could 
be seen stretching, as they were withdrawn from the den- 
tinal tubes, before they broke. They are so minute that, 
to the naked eye, the detached surface of the pulp seems 
to be entire, and Cuvier was thus deceived in concluding 
that there was no organic connection between the pulp and 
the ivory.” ^ 

Confirmatory evidence of the continuation of filamentary 
processes of the pulp into the dentinal tubuli in the human 
teeth, has recently been communicated to the Royal So- 
ciety of London by Mr Tomes.® It has appeared to the 
present writer that the filamentary processes of the pulp 
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become resolved, at or near the first bifurcation of the Introdu. 
tubuli, into mere delicate membranous linings of the den- tion. 
tinal tubes, which are chiefly occupied by the plasma con- 
tained in these continuations of the pulp, with occasional 
detached calcareous particles. 

Until a comparatively recent period, the analogy of den- Structure, 
tine to bone was supposed to be confined to their chemical 
constitution, and the nature of the hardening material; 
while the arrangement, as well as the mode of deposition of 
the tooth-tissue, were considered to be wholly different 
from that of bone ; and the dentine to agree, in its general 
nature and mode of growth, with hair and other extravas- 
cular horny parts, with which most teeth closely correspond 
in their vital properties,^ 

The structure of a tooth, in fact, was regarded as simply 
laminated, and the ivory was described as being formed 
layer within layer, deposited by, and moulded upon, the 
formative superficies of the vascular pulp. The illustrations 
and supposed proof of this structure and mode of growth 
were derived from the apparently detached condition of 
the newly-formed particles of dentine on the pulp's surface, 
when exposed by the removal of the calcified part of the 
tooth ; from the appearance observed in the teeth of ani- 
mals fed alternately with madder and ordinary food, which 
undoubtedly illustrate the true progress of dental develop- 
ment ; from the illusory traces of laminated structure ob- 
served in vertical sections of teeth when viewed with the 
naked eye, or with a low magnifying power ; and lastly, and 
chiefly, from the successive hollow cones into which a large 
tooth, such as the elephant's tusk, is commonly resolved in 
the process of decomposition. 

With regard, however, to the appearances presented by 
the teeth of animals under the influence of madder, and the 
separation of the dentine into superimposed lamellae during 
decomposition, the same conclusions, as to intimate structure 
and mode of development, might be drawn respecting true 
bone, which also commonly resolves itself into the concentric 
lamellae during decomposition, and presents the same appear- 
ance of* alternate white and red layers in animals fed alter- 
nately with madder and ordinary food during the progress of 
its growth. The lines running parallel to each other, and to 
the contour of the crown, presented by the cut surfaces of 
vertical sections of teeth, especially of the elephant's tusk, 
or of the tooth of the cachalot, are due to a totally different 
structure from that to which they are ascribed. The la- 
mellated arrangement, thus seemingly demonstrated, is, 
moreover, far from being a constant appearance ; on the 
contrary, the superficies of vertically cut or fractured sur- 
faces of the human and most other teeth offer a very 
different character, and one which has led to many approxi- 
mations and allusions to the true structure of dentine, in 
the works of anatomists who have recorded their own ori- 
ginal observations. 


longements du bulbe dans I’interieur de cesnombreux canaux m^dullaires qui constituent tant de centres de radiation distincte pour les 
tubes calcigeres plexiformes. Le principe du development dentaire s’effectuant par dfpdt dans la substance et non par exsudation en de-- 
hers de la substance d’un bulbe pre-existant, tel qu’il ressort de la dentition des squales, est d’une application sans effort, naturelle et 
manifests dla formation des dents des mammiferes. Dans I’i voire d’une dent simple de mammifere, il existe un canal medullaire unique, 
appeld cavite du bulbe, et un systdme unique de tubes rayonnes calcigeres; mais le plan et la mode de formation sont les mdmes que 
dans les squales.” ** Les tubes calcigeres d’une dent de mammifere ent des parois distinctes tant dans les portions calcifiees que dans 
les portions non calcifiees du bulbe. Ces parois sont rendues fragiles par le d6p6t qui s’y fait de particules terreuses dans la portion 
calcifiee du bulbe, et alors se separent facilement de leur portion non calcifide, laquelle se continue dans le reste du bulbe, et e’est Tex- 
cessive petitesse des tubes rompus qui rend invisible a I’mil nu I’irregularite de la surface du bulbe : mais cette appearance d’une surface 
naturelle libre, exsudante, n’est qu’une illusion.” (Recherckes sur la structure et la formation des dents des Squaldides, et application des 
faits observes d une nouvelle theorie du developpement des dents, par M. R. Owen : Oomptes Rendus des Seances de VAcademie des Sciences, 
No. 26, 16 D6cembre 1839, p. 786. 

^ Mikroscopische Uhtersuchungen ueber die Uebereinstimmung in der Struktur und dem Wachsthum der Thiere und Pjlamen. 8vo, 1839, 
p. 117. 

® Oyelcpadia of Anatomy and Physiology, p. 929, part xxxviii., Feb. 1850. Compare with Annales du Museum, tom. viii., p. 96, and 
the Owemens Possilee of Cuvier, tom. i., p. 517, ed. 1834-6. 3 Philosophical Transactions, 1866, p. 515. 

_ See English translation of Muller’s Physiology, 1837, pp. 391 and 392 ; De Blainville, Ostiographie et Odontographie, Primates, p. 16, 
without date, but communicated by the author to the Institute of Prance, December 1839 : vide Comptes Rendus de CAcademU of that 
month, Dec. 16, p. 782. 
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Introduc- Whoever attentively observes a polished section or a 
tion. fractured surface of a human tooth, may learn, even with 
the naked eye, that the silky and iridescent lustre reflected 
Structure, from it in certain directions is due to the presence of a fine 
fibrous structure. 

Malpighi, in whose works may be detected the germs of 
many important anatomical truths that have subsequently 
been matured and established, says, that the teeth consists 
of two parts, of which the internal bony layers (dentine) 
seem to be composed of fibrous, and, as it were, tendinous 
capillaments reticularly interwoven.^ Retzius cites many 
recent authors — e.g.^ Soemmering, Schreger,^ and Weber^ — 
who mention the silky, glistening lustre of the dentine ; and 
Frederick Cuvier, in the preliminary discourse of his admir- 
able work, the Dents desMammiferes^ observes, ‘‘ Les dents de 
rhomme, de singes, de carnassiers, ont un ivoire d’apparance 
soyeuse, qui semble forme de fibres” (p. 27). These intelli- 
gible hints of the true structure of the dentine, which the fore- 
going observers received from a superficial but unprejudiced 
inspection, failed, however, to incite them to a closer inter- 
rogation of nature in regard to the dental tissues. One of 
her most persevering investigators had, nevertheless, long 
before obtained a true and definite answer to his more 
direct inquiries. Leeuwenhoek having applied his micro- 
scopical observations to the structure of the teeth, discovered 
that the apparent fibres were really tubes, and he com- 
municated a brief but succinct account of his discovery to 
the Royal Society of London, which was published, to- 
gether with a figure of the tube, in the 140tli number of 
their Transactions, This figure of the dentinal tubes, with 
additional observations, again appears in the Latin edition 
of Leeuwenhoek’s Works, published at Leyden in 1730. 
The dental substance (dentine) of the human teeth, and 
of those taken from young hogs, is described as “being 
formed of tubuli spreading from the cavity in the centre 
to the circumference.”^ Fig. 2 is accurately copied from 
Leeuwenhoek’s original figure, intended to re- 
present the general arrangement of these tu- 
buli in the human molar tooth. The Dutch 
microscopist computed that he saw 120 of the 
tubuli within the forty-fifth part of an inch.® 
Leeuwenhoek also shows that he was aware of 
the peculiar substance, distinct from the ivory 
and enamel, and now termed the cement, or section^orHn- 
cTusta petrosa, which enters into the composi- 
tion of the teeth of the horse and ox ; ® a com- Leeuwenhoek, 
ponent part of the tooth which Hunter speaks of as a second 
kind of bone, and which was first accurately and specifically 
described by Tenon ^ and Blake.® 

The discovery of Leeuwenhoek that the dentine was made 
up of very minute tubes, which proceeded from the inner 
to the outer surface of the tooth, was confirmed by Pur- 
kinje ® so far as regarded their existence ; but Purkinje 
added an exact and particular account of the direction of 
these tubes in the human dentine, and showed that, in ad- 
dition to them, the dentine contained an intermediate or 
intertubular tissue. This he describes as homogeneous and 



without structure, and as entering into the composition of Introduc- 
the dentine in a greater proportion than the tubes them- tion. 
selves. The more extensive, varied, and minute observa- 
tions of Professor Retzius^® led to the discovery of the Structure, 
cells of the intertubular tissue of the ramuli (fig. 3,/), sent 



off from the main dentinal tubes (fig. 3, d\ into that tissue, 
and of the anastomoses of the ramuli with each other (fig. 
3, b), with the intertubular cells, and with the cells at the 
periphery of the dentine (fig. 3, g). According to the re- 
searches of Dr Schwann, the animal basis of the intertu- 
bular tissues possesses a fibrous structure. Besides the 
primary and secondary branches of the dentinal tubes, Ret- 
zius first clearly described their curvatures and undula- 
tions, which may be defined as follows : — As a general rule, 
the dentinal tubes are directed, as affirmed 
by Leeuwenhoek and Purkinje, from the 
inner to the outer surface of the tooth, and 
vertically to those surfaces, as shown in the 
section of the human incisive tooth (fig. 

4), and of the molar tooth (fig. 1, at ; 
d, d). But in their course the tubes k 
describe two, three, or more curvatures, m 
appreciable by a low magnifying power. 

These are termed the “primary curva- |i 
tures.”^^ With a higher power, the tubes i 
are seen to be bent throughout the whole 
of their flexuous course into minute and 
oblique undulations or gyrations (fig. 3, 
d), 200 of which were counted by Ret- 
zius in one-tenth part of an inch length | 
of a human dentinal tube; these are 
termed the “secondary curvatures” or 
gyrations.^® Both the primary and se- 
condary curvatures of one dentinal tube 
are usually parallel with those of the con- 
tiguous tubes ; and from the radiated course ^ 

of these tubes, they occasion the appear- section of Human 
ance of lines running parallel with the ex- 


I 


\1 


Incisor. 


^ “ Duplici excltantur parte, quarum interior ossea lamella fibrosis et quasi tendinosis capillamentis in naturam implicetis constat.’^ 
(Anatome I^lantarumt Lugd. Batav. 1687, p. 37.) 

2 Isenflamm und Hosenmtiller’s Beitragen mr ZergliederungsTcunst, band i., p. 3 (1800). 

® See his edition of Hildebrand’s Handlmch der Anatomie, band i., p. 206. 

^ Microscopical Observations on the Structure of Teeth and other Bones {Philosophical Transactions, 1678, p. 1002). 

^ See Hoole’s translation of the WbrAs of Leeuwenhoek, 4to, 1798, p. 114. ^ ^ ^ . 

6 << Parvi molares, quos bos, dum adhuc admodum juvenis sive vitulus, habuerat, undiquaque alio osse circumducti erant.' {Gontinu- 
atio JEpistolarumj 4to, Lugd. Bat. 1689, p. 7.) 

7 « Mgmoire sur une M6thode particuliere d’etudier I’Anatomie,” in Memoires de V Academic des Sciences, Paris, an. vi. 

^ An Essay on the Structure and Formation of Teeth, Dublin, 1802. 

® Be penitiori Bentium Humcmorum structura Ohservationes, 4to, 1835. 

Mihroshopisha XJndersokningar ofver Jddernes sardeles Tandhenets struhtur, 8vo, Stockholm, 1837. 

MicrosTcopische XIntersuchungen ilber die Uelereinstimmung in der Struchtur der Thiere und Pflan^en, 8vo, 1839. 

12 Trans, Brit. Assoc,, vol. vii., p. 148. See Odontography, plate 24, fig. 1 ; 64 A, fig. 2 ; 74, fig. 1 ; 94. 

13 Odontography, p. 141 ; see plates 16, fig. 3; 24, fig. 2 ; 64 A, fig. 3. 

VOL. XVI. ^ ^ 
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Introduc- ternal contour of the tooth ; for, when the surface of a 
tion. longitudinal section of a tooth is viewed with the naked eye, 
the light is differently reflected from the different parts of 
Dental tis* the oblique secondary curves of the tube on wliich it 
falls; but the curves being parallel to each other, and 
to the superficial contour of the section, they appear like 
the cut edges of a series of parallel and superimposed la- 
mellae. In many teeth, moreover, and especially in the tusks 
of the elephant, the secondary branches of the dentinal 
tubes dilate into intertubular cells; along lines which, in 
like manner, are parallel to the coronal contour of the 
tooth : hence another cause of the appearance of concentric 
lamellae, and of the actual decomposition of such teeth 
into superimposed lamellifoim cones. Such appearances 
and modes of decomposition are peculiar to the dense 
or unvascular dentine, but are by no means common to 
that modification of the tissue. Varieties of form, such as 
the occasional aneurismal-like dilatations of the dentinal 
tubuli, as shown at e (fig. 3), have been figured by that ac- 
curate and minute investigator of the pathology of the hu- 
man teeth, Mr S. J- A. Salter, in the Transactions of the 
Pathological Society of London for 1855, pi. i., fig. 3. In 
fig. 3 the delicate filamentary prolongations of the pulp are 
represented at d, d; the dentinal compartments, or indica- 
tions of the original cells of the dentinal pulp are shown at 
a, a; and the modified peripheral layer of the dentine at^, 
to the superior sensibility of which M. Duval first called 
attention, distinguishing it by the name of “ dictyodonte 
Such is the typical structure of dentine, which structure re- 
lates, in regard to the curvilinear compartments, a,a (fig. 3), 
to the steps in its formation ; and in regard to its tubular 
columns, to the strength of the tooth and its vitality ; the 
latter important property depending on the percolation of 
the plasma through the delicate cellular structure of the 
filamentary prolongations of the pulp, so far as they may ex- 
tend along the tubuli. The sensibility of the dentine is due 
to concomitant productions of neurine ; but the distinct 
tubules are not large enough to admit capillary vessels with 
red particles of blood, and the tissue above described has 
consequently been sometimes termed “ unvascular dentine.’^ 
The simplest modification of dentine is that in which 
capillary tracts of the primitive vascular pulp remain un- 
calcified, and permanently carry red blood into the sub- 
stance of the tooth. These so-called medullary canals 
(more properly vascular canals”), present various disposi- 
tions in the dentine, which they modify, and which modi- 
fication is called “ vasodentine.” ® It is often combined 
with true dentine in the same tooth ; in the scalpriform 
incisors of certain rodents,^ the tusks of the elephant,^ 
the molars of the extinct iguanodon. ® A third modifica- 
tion of the fundamental tissue of the tooth is where the cel- 
lular basis of the dentine is arranged in concentric layers 
around the vascular canals, and contains radiated cells like 
those of osseous tissues ; it is called “ osteodentine.” 

The tissue called “ cement” closely corresponds with 
osteodentine and with the osseous tissue of the skeleton of 
the same animal in which it is found ; and wherever it 
occurs of sufficient thickness, as upon the teeth of the 
horse (fig. 5, c), sloth (fig. 9, c\ or ruminant, it is also tra- 
versed, like bone, by vascular canals. In reptiles and mam- 
mals, in which the animal basis of the bones of the 


minute radiated cells, form- 



cavi- I ■' I '•i 


skeleton is excavated by 
ing with their contents 
the “corpuscles of Pur- 
kinje,” these are like- 
wise present, of similar 
size and form, in the “ce- 
ment;” and are its chief 
characteristic as a con- 
stituent of the tooth. The 
hardening material of the 
cement is partly segre- 
gated and combined with 
the parietes of the radiated 
cells and canals ; and is 
partly contained in dis- 
gregated granules in the 
cells, which are thus ren- 
dered white and opaque 
viewed by reflected light. 

The relative density of 
the dentine and cement 
varies according to the 
proportion of the earthy ' 
matter, and chiefly of that 
part which is combined 
with the animal matter in 
the walls of the cavities, 
as compared with the i 
and number of the cavi- 
ties themselves. In the 
complex grinders of 
elephant (fig. 140), 
wart-hog (fig. 121), 
voles (fig. 88), and the capybara, the cement c, which forms 
nearly half the mass of the tooth, wears down sooner than 
the dentine. 

The “enamel” is the hardest constituent of a tooth, 
and consequently the hardest of animal tissues ; but it 
consists, like the other dental substances, of earthy matter 
arranged by organic forces in an animal matrix. Here, 
however, the earth is mainly contained in the canals ot 
the animal membrane ; and, in mammals and reptiles, 
completely fills those canals which are comparatively wide, 
whilst their parietes are of extreme tenuity. The hard- 
ening salts of the enamel are not only present in far greater 
proportion than in the other dental tissues ; but in some 
animals are peculiarly distinguished by the presence ot 
a small proportion of fluate of lime. 

The examples are extremely few, and confined to cold- 
blooded animals, of calcified teeth which consist of a single 
tissue; and this is always a modification of dentine. The 
maxillary denticles of the parrot-fish {Scariis), and the large 
pharyngeal teeth of the wrasse (Z^a^r^^^), consist of a very hard 
kind of unvascular dentine. Fig. 6 shows a vertical section 
of one of the latter teeth, sui)ported upon the vascular 
osseous tissue of the pharyngeal bone ; p is the pulp cavity. 

The next stage of complexity is where a portion of 
the dentine is modified by vascular canals. Teeth thus 
composed of dentine and vaso-dentine are very common 
in fishes. The hard dentine is always external, and holds 
the place, and performs the office, of enamel in the teeth of 


Introduc- 

tion. 


Dental tis- 
sues. 


Fig. 5. 

, Higlily-magiiified Section of part of a 
the Horse’s Tooth. 


. 1 Observations Anatomiques sur Vlvoire^ 8vo, Paris, 1838, p. 14. “ Souvent les molaires sont tellemeot us4es que, au lieu d’etre tuber- 
culeuse, leur face triturante est lisse par Teffet de la detrition. On y distingue parfaitment, comrae apres la coupe transversale d’une 
dent, les aspects sous lesquels se presentent ses substances dures ; Tun appartient d 1 ’6mail qui est tres-blaoc; le second d la substance 
osseuse, que je d^signe sous le nom d'ostecdonte ; et le troisidme d cettepartie qui, sous forme de zone circulaire et de couleur de come, se 
trouve entre ce dernier et I’^mail, et que j’appelle dictyodonte. Si avec la points d’un curedent d’acier, ou d’une sonde, on touche une 
de ces pMties, I’^mail ne donne aucun signe de sensibility, I’osteodonte quelquefois un peu, mais le dictyodonte beaucoup et plus sou- 
vent. (Duval, Ohservatiom Fratiqv,es sur la Sensibility des JDentSj 8vo, 1833, p. 7.) 

® This substance was first characterized as a component of tooth distinct from ivory, enamel, cement, and true bone, and as easily re-' 
^ by the author, communicated to the British -Association in 1838, Zoc. cit, p. 137, 

^ Odontography, ^ Ibid., p. 643. « Ibid., p. 261, 
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Introduc- higher animals.^ Fig. 7 illustrates this structure in a longi- 
tion. 



Fig. 6. 

Magn. section of a Pharyngeal Tooth of Labrus. 

tudinal section of a tooth of a shark of the genus Lamna ; 
in the outer layer of hard un vascular dentine, the earthy 



Fig. 7, 

Magn. section of a Tooth of a Shark (Xamwa). 

constituent so predominates that it takes a polish like enamel, 
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for which it has commonly been mistaken in the teeth of Infcroduc- 
fishes ; it is called “ vitrodentine,” 

The molars of the dugong are examples of teeth com- 
posed of dentine and cement; the latter tissue forming a Dental tis- 
thick external layer. Fig. 8 shows a transverse section of sues. 



Pig. 8. 

Magn, section of part of a Molar Tooth of the DugongCfiaKoore indicm), 

the crown of the second molar, natural size, and above it a 
magnified view of a portion of the section ; in which d is the 
dentine, remarkable for the number of minute calciferous 
cells at its periphery, and c is the cement. A small portion 
of osteodentine usually occupies the centre of the crown ato. 
In the large teeth of the lower jaw of the cachalot {Phy- 
seter) the pulp-cavity of the growing tooth becomes filled 
up by osteodentine, the result of a modified calcification 
of the dentinal pulp; and the full-grown tooth presents 
three tissues, as shown in fig. 62, in which c is the tliick 
external cement, d the hard dentine, and o the osteoden- 
tine; the latter is sometimes developed into stalactitic-shaped 
nodules, loose in the pulp-cavity. 

In the teeth of the sloth, and of its great extinct congener 
the megatherium, the hard dentine is reduced to a thin 
layer, and the chief bulk of the tooth is made up of a 
central body of vasodentine, and a thick external crust of 
cement. Fig. 9 represents a longitudinal section of a lower 
molar of the three-toed sloth {Bradypus tridactylus) mag- 
nified; «;is the vasodentine, c? is the hard dentine, and c is 
the cement ; p is the apex of the wide persistent pulp- 
cavity. In the megatherium the hard dentine, which is 
the firmest tissue, forms the transverse ridge of the grind- 
ing surface (fig. 54, d\ like the enamel-plates in the ele- 
phant’s grinder : it has consequently been described to be 
enamel,® but its relation to that tissue is only one of analogy 
or function. 

The human teeth, and those of the carnivorous mammafs, 
appear at first sight to be composed of dentine and enamel 
only, as they were described to be by the Cuviers,® who 
called them therefore “simple teeth;” but their crowns are 
originally, and their fangs are always, covered by a thin coat 
of cement. There is also commonly a small central tract 


1 Odontography, pp. 17, 37. * Cuvier, Oasemens FomUs, 4to, tom. v., p. 172, 

® Bents de Mammi/eres, p. 1 ; Lemons d'AnaU Comp» iv. (1836), p. 199. 
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latroduc- of osteodentine in old teeth. In figs. 1 and 4, magnified 
tioa. 



Fig. 9. 

Magn. section oi a Molar of the Sloth (Bra^dypus tndactylus). 


views are given of longitudinal sections of a human incisor 
and molar tooth, in which d is the dentine, e the enamel, 
and c the cement. 

The teeth called by Cuvier ‘^compound” or “complex” 
in Mammalia, differ, as regards their composition, from the 
preceding only by die different proportion and disposition 
of the constituent tissues. Fig. 10 is a longitudinal section 
of the incisor of a horse ; d is the den- 
tine, e is the enamel, and c the cement; 
c is the layer of cement reflected into 
the deep central depression of the crown, 
usually occupied by a coloured mass of tar- 
tar and particles of food, forming the 
“ mark” of the horse-dealer. The charac- 
teristic structure of the three tissues — d 
dentine, e enamel, c cement — is shown in 
the magnified part of the section in fig. 5, 

A very complex tooth may be formed 
out of two tissues by the way in which 
they are interblended as the result 
of an original complex disposition 
of the constituents of the dental ma- 
trix. The teeth of certain fishes, and 
of a singular extinct family of gigantic 
sauroid Batrachians, called “Labyrintho- ' 
donts,”^ exhibit, as the name implies, a 
remarkable instance of this kind of com- 
plexity. Fig. 1 1 is a view of a canine 
tooth of the Lahyrinthodon salaman- 
droides, of the natural size ; and fig. 12 
is a slightly magnified view of a transverse section across 
the part of the crown marked at. At first view the tooth 
appears to be of the simple conical kind, with the exterior 
surface merely striated longitudinally, but every such streak 



Fig. 10. 

Magn. section of part 
of the Incisor of a 
Horse. 


is a fissure into which the very thin external layer of cement introduce 
c is reflected into the body of the tooth, where it follows tion. 
the sinous wavings of the lobes of dentine which diverge 
from the central pulp-cavity pp. The inflected fold of Dental tis- 
cement c runs straight for about half a line, and then be- sues, 
comes wavy, the waves rapidly increasing in breadth as 
they recede from the 
periphery of the tooth : 
the first two, three, 
or four undulations 
are simple ; then their 
contour itself becomes 
broken by smaller 
or secondary waves; 
these become stronger 
as the fold approaches 
the centre of the 
tooth, when it in- 
creases in thickness, 
and finally terminates 
by a slight dilatation 
or loop close to the 
pulp - cavity, from 
which the free margin 
of the inflected fold ot 
cement is separated 
by an extremely thin 
layer of dentine. The 
number of the in- 
flected converging 
folds of dentine is 
about fifty at the mid- 
dle of the crown of 
the tooth figured, but 
is greater at the base. 

All the inflected folds 
of cement at the base 
of the tooth have the 
same complicated dis- 
position with increas- 
ed extent • hnt aq H* 

, , ’ll. Canine Tooth of the Labyrinthodon salaman- 

they approach their droides (na.t, bizo), 

termination towards the upper part of the tooth, they gra- 



Pig. 12. 

Transverse section of a Tooth of the Labyrinthodon (magn.) 


dually diminish in breadth, and consequently penetrate to a 



^ Proceedings oj the Geological Sooiety, January 20, 1841, p, 257, 
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Introduc- less distance into the substance of the tooth. Hence, in such 
tion. a section as is delineated, it will be observed that some of 
the convoluted folds, as those marked c, extend to near the 
Dental tis- centre of the tooth ; others, as those marked c , reach only 
sues. about half way to the centre ; and those folds, c", which, to use 

a geological expression, are “ cropping out,’’ penetrate to a 
very short distance into the dentine, and resemble in their 
extent and simplicity the converging folds of cement in 
the pulp of the tooth of the Ichthyosaurus. The dispo- 
sition of the dentine is still more complicated than that of 
the cement. It consists of a slender central conical column, 
excavated by a conical pulp-cavity for a certain distance 
from the base of the tooth ; and that column sends radiat- 
ing outwards from the circumference a series of vertical 
plates, which divide into two once or twice before they 
terminate at the periphery of the tooth. Each of these 
diverging and dichotomizing plates gives off throughout its 
course smaller processes, which stand at right angles, or 
nearly so, to the main plate ; they are generally opposite, 
but sometimes alternate ; many of the secondary plates or 
processes which are given off near the centre of the tooth 
also divide into two before they terminate, and their con- 
tour is seen in the transverse section to partake of all the 
undulations of the folds of cement which invest and divide 
tlie dentinal plates and processes from each other. The 
dental pulp-cavity is reduced to a mere line about the 
upper third of the tooth, but throughout its whole extent 
fissures radiate ffom it corresponding in number with the 
radiating plates of dentine. Each fissure is continued 
along the middle of each bifurcation and process to within 
a short distance of the line of cement. The pulp-fissure 
commonly dilates into a canal at the origin of the lateral 
processes of the radiating plates, before it divides to ac- 
company and penetrate those processes. The main fis- 
sures or radiations of the pulp- cavity extend to within a 
line or half a line of the periphery of the tooth, and sud- 
denly dilate at their terminations into spaces, which in 
transverse section are subcircular, oval, or pyriform (/?); the 
branches of the radiating lines, which are continued into 
the lateral secondary plates or processes of the dentinal 
lamellae, likewise dilate into similar and generally smaller 
spaces. All these spaces or canals in the living tooth, 
must have been occupied by corresponding processes of 
the vascular pulp ; they constitute so many centres of ra- 
diation of the fine calciferous tubes, which, with their unit- 
ing clear substance, constitute the dentine.^ 

An analogous complexity is produced by numerous 
fissures radiating from a central mass of vasodentine, 
which more or less fills up the pulp- cavity of the seem- 
ingly simple conical teeth of the extinct family of 
fishes called Dendrodonts,” characterizing the Old Red 
Sandstone, or Devonian system. 

Fig. 13 is one of these fossil 
teeth of the natural size — a, 
a transverse section; and fig. 

14 a reduced view of a por- 
tion of the same section en- 
larged twenty diameters. Thus 
magnified, a central pulp-ca- 
vity of relatively small size, and 
of an irregular lobulated form, 
is discerned, a portion of which 
is shown at p ; this is imme- 
diately surrounded by trans- 
verse sections of large cylin- 
drical vascular or pulp canals (nat. size), 

of different sizes ; and beyond these there are smaller and 



more numerous medullary canals, which are processes of Introduc- 
the central pulp-cavity. In the transverse section these 
processes are seen to be connected together by a net-work 
of smaller vascular canals belonging to a coarse osseous Dental tis- 



JFig. 13. 

Tootliof Dendrodits Mporcatzis 


Fig. 14. 

Magn. section of part of Dendrodtis biporcatus. 

texture, into which the pulp has been converted, and this 
structure occupies the middle half of the section. All the 
vascular canals were filled up by the opaque matrix. From 
the circumference of the central net-work straight pulp- 
fissures radiate at pretty regular intervals to the periphery 
of the tooth ; most of these fissures divide once, rarely twice, 
in their course, — the division taking place sometimes at their 
origin, in others at different distances from their termina- 
tions, — ^and the branches diverge slightly as they proceed. 
Each of the above pulp-canals or fissures is continued from 
a short process of the central structure, which is connected 
by a concave line with the adjoining process, so that tlie 
whole periphery of the transverse section of the central 
coarse reticulo-vascular body of the tooth presents a cre- 
nate outline. From each ray and its primary dichotomous 
divisions short branches are sent off at brief intervals, ge- 
nerally at right angles with the trunk, or slightly inclined 
towards the periphery of the tooth. These subdivide into 
a few short ramifications like the branches of a shrub, and 
terminate in irregular and somewhat angular dilations simu- 
lating leaves, but which resolve themselves into radiating 
fasciculi of minute dentinal tubes. There are from fifteen 
to twenty-five or thirty-six of these short and small lateral 
branches on each side of the medullary rays. 

A third kind of complication is produced by an aggrega- 
tion of many simple teeth into a single mass. 

The examples of these truly compound teeth ^ are most 
common in this class of fishes, but the illustration here 
selected is from the mammalian class. Each tooth of the 
Cape ant-eater {OrycteropuSi fig. 15) presents a simple 
form; is deeply set in the jaws, but without dividing into 


1 Odontography, pp. 195-217, pi. 64 A, 64 B. ^ Ibid., p. 171. 

3 In the Leqons d^Anatomie ComparU of Cuvier, the teeth in which folds of enamel and cement penetrate the entire substance of the 
crown are called “compound.’’ “Nous appellons dent compos6e celle dont les differentes substances forment des replis tellemenfc pro- 



414 


ODONTOLOGY. 



Introduc- fangs ; its broad and flat base is porous, like the section of 
tion. a common cane. The canals to which these pores lead 
contain processes of a vascular pulp, and are the centres of 
Dental tis* radiation of as many independent series of dentinal tubules, 
sues. Each tooth, in fact, consists of a congeries of long and 
slender prismatic denticles of dentine, which are cemented 
together by their ossified capsules, the columnar denticles 
slightly decreasing in diameter, and occasionally bifurcating 
as they approach the grinding surface of the tooth. A 
figure of a longitudinal section of the molar teeth is given in 
pi. 76, fig. 10, of the author’s Odontograph/. Fig. lo gives 
. a magnified view 

of a portion of the 
transverse section 
of the fourth molar, 
showing c the ce- 
ment, d the den- 
tine, and/) the pulp- 
cavity of the den- 
ticles. 

The pectinated 
incisors of the fly- 

ing lemur of the apart of the compound Tooth of 

Indian Islands { Ga- the Orycteropus. 

kopithecus, fig. 86) are examples of teeth the crowns of 
which are composed ot denticles consisting of hard den- 
tine, with a covering of true enamel. The layer of ce- 
ment over this is too thin to show its characteristic structure, 
and does not fill up the intervals of the denticles, which 
stand out as free processes from the base of the crown. 
Tubular prolongations of the pulp-cavity are continued up 
the centre of each denticle. The originally detached sum- 
mits of the crown of the human incisor are homologous 
with these columnar processes or denticles of the incisor of 
the Galeopithecus. In the compound molars of the great 
African wart-hog {Phacochcerus)^ the columnar denticles 
are in three rows, and their interspaces are filled up 
by cement; each denticle consists of a slender column 
of hard dentine inclosed in a thick sheet of enamel, the 
whole being bound together by the cement; and the den- 
ticles, as in the Galeopitheeus, blend together into a com- 
mon base in the fully-developed tooth. A figure is given 
of the grinding surface of the third true molar of the Pha- 
cochoerus PallcLsii in fig. 121. 

In the elephant the denticles of the compound molars 
are in the form of plates, vertical to the grinding surface, 
and transverse to the long diameter of the tooth (figs. 140, 
141). When the tooth is bisected vertically and length- 
wise, the three substances~<i dentine, e enamel, and c 
cement — are seen interblended. 

A still more complex grinding apparatus is found in certain 
fishes. The lower pharyngeal bone of the parrot- fish 
{Scarm\ for example, supports a dental plate with a tritu- 
rating surface, like that of the compound molars of the 
Phacoehcerus ; the interlocked upper pharyngeals (fig. 35) 
support dental masses with a grinding surface, more like 
that of the compound molars of the elephant. When a 
vertical and longitudinal section is made of one of these 
upper pharyngeal compound teeth, each denticle is 
seen to be composed of a body of very hard and un vas- 
cular dentine, vdth a thick sheath of enamel, the den- 
ticles being united together by the cement, and sup- 
ported and further united together, and to the pharyngeal 
bone, by a basal mass of vascular osteodentine. When 
worn down by the trituration of hard corals to this basis, 


four alternating kinds of dental tissue, of varying degrees introduc 
of density, and of corresponding variations of level, are tion. * 
exposed in this fish.^ 

Such are some of the prominent features of a field of Dental tig 
observation which comparati ve anatomy opens to our view, sues. 

— such the varied nature, and such the gradation of com- 
plexity of the dental tissues, which, up to December 1839, 
continued, notwithstanding successive approximations to the 
truth, to be described in systematic works as a “ Phaneros^ 
or a dead part or product exhaled from the surface of a 
formative bulb.”^ 

In the development of a tooth, a matrix or formative Develop, 
organ, corresponding in complexity with the kind of tooth ment. 
to be formed, is first developed. It consists either of a soft 
vascular papilla, — a free conical process, — as in certain 
fishes (fig. 24, c), which mold of the future simple tooth is 
called its “ pulp,” or the “ dentinal pulp or it consists of 
the ‘‘ pul[) ” inclosed in a “ capsule or of a pulp wdth such 
a modification of a peripheral part, situated between the 
pulp proper and the capsule, as to merit a distinct definition 
as an “ enamel organ.” The first and most constant ot 
these parts is termed the “dentinal pulp” (fig. 16, />); the 
second is the capsule, or “ce- 
mental pulp” (fig. 16, c) ; the 
third is the “enamel pulp” 

(fig. 16, e). 

The linear cavity in the ^ 
gums of the embryo, in which 
the pulps of the first series of 
teeth are formed, is termed the | 

“ primary dental groove where 
the first are succeeded by a 
second set of teeth, the pulps 
of these teeth are developed in 
a distinct recess, called the 
“ secondary dental groove.” 

In man a certain proportion Fig. lo. 

only of the teeth developed in Matrix of a Human TootHCmagn.) 

the primary groove are displaced by teeth developed in a 
secondary groove ; and the twenty teeth, so displaced, are 
called “ milk-teeth,” or deciduous teeth. The teeth of the 
molar series developed in the secondary groove are called 
“premolars,” or bicuspids. The true molars are a conti- 
nuation of the primary series, and are only “ permanent,” 
inasmuch as those of the secondary series are not co-exten- 
sive with them in number and position in the jaws. The 
differentiation of teeth, according to place and order of de- 
velopment, is illustrated (fig. 17) in the lower jaw of a young 




Fig. 17. 

Section of Lower Jaw of a young Hog, showing the Teeth in course of formation. 

hog. The teeth of the grinding series marked d 1 to d 4, 
m 1 to m 3, are successively developed from before back- 
wards in the primary groove ; the teeth marked p 2 to 
p 4 are developed in the secondary groove, as are also 
the successors of the canines and incisors. Both grooves 


foods, que dans quelque sens qu’on coupe la dent, on coupe plusieurs fois chacune des substances qui la composent ; telles sent les dents 
molalres de VeUphant.*^ The teeth ofthe * Lahyrinthodonts ’ would come under this definition more truly than those of the ele- 
phant, although they differ from them in having no enamel ; for a molar of an elephant might he bisected vertically and transversely 
without catting the tissues across more than once. 

i Numerous other modifications of dental structure will he found described and figured in the author’s Odontograpiiy^ 4to, 1840-45. 

* De Blainville, Osteographie, passim. 
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Introduc- are converted into a closed chamber, and then subdivided 
tion, into as many “ formative cavities” as teeth, in the progress 
0^' dental development. The proper tissue of the dentinal 
pulp consists of nucleated cells (%. 18,;?), with capillary 
vessels and nerves invested by a 
structureless membrane, which 
disappears during the formation 
of the dentine. The superficial 
pulp-cells assume an elongated 
form as they approach the peri- 
phery ; and after the formation of 
the tooth has commenced, their 
nuclei correspond in diameter and 
direction with the tubes of the 
contiguous cap of dentine. The section ofthe Matrix of tlie Palp 
cells are observed in a state of of a Human Tooth, 
transition into dentine in the interspace between the pulp 
and the previously formed cap of dentine : they adhere to 
the latter when it is displaced from the pulp. 

Observations on the pulp in its various stages of conver- 
sion into dentine, whilst in undisturbed connection with the 
calcified portion in the thin transparent lamelliform teeth of 
a foetal shark {Carcharias), first yielded unequivocal demon- 
stration of the organic continuity of the ca]? of dentine with 
the supporting vascular pulp; they also indicated some 
stages of the progress of the conversion of the pulp into 
dentine, and produced that clear idea of the nature and rela- 
tions of dental development which is expressed (as previously 
quoted) in the Theory of Dentification hy Centripetal 
Calcification of the Pulfis Substance^ submitted to the 
French Academy in December 1839.^ The following 
are the progressive steps of the calcifying processes, accord- 
ing to the writer’s microscopic researches on the formation 
of the different substances which compose the more com- 
plex teeth of reptiles and mammals, as pursued in various 
species of both classes, but chiefly in the higher organized 
domestic animals : — 

Three formative organs are developed, as already de- 
scribed, for the three principal or normal dental tissues. 
The dentinal pulp (figs. 16 and 18, jt? and c?), or pulp proper, 
for the dentine ; the capsule ” (figs. 16 and 18, c), for the 
cement; and the enamel-pulp (figs. 16 and 18, e), for the 
enamel. The essential fundamental structure of each for- 
mative organ is cellular ; but the cells differ in each organ, 
and derive their specific character from the properties and 
metamorphoses of their nucleus, upon which the specific 
microscopical character of the resulting calcified substances 
depend. In the cells of the dentinal pulp the nucleus fills 
the parent cell with a progeny of nucleoli before the work 
of calcification begins ; in the enamel-pulp the nucleus of 
the cell disappears, like the cy toblast of the embryo plant in 
the formation of most vegetable tissues ; in the cells of the 
capsule the nucleus neither perishes nor propagates, but re- 
tains its individuality, and gives origin to the most charac- 
teristic feature of the cement, — viz., the radiated cell. The 
primordial material of each constituent of the tooth-matrix 
is derived from the blood, and special arrangements of the 
blood-vessels pre-exist to the development and growth of 
the constituent substances. A pencil of capillaries is di- 
rected to a particular spot in the primitive dentiparous 
groove, and terminates there by a looped net-work, from 
which spot a group of nucleated cells begin to arise in the 
form of a papilla. The cells of the papilla are, however, 
colourless, and the plexus of capillaries is confined to its 
base. 

In the Mammalia (embryo calf of 3 inches in length) 



membranous septa are formed, into which the vessels ex- 
tend, which septa cross the groove and inclose the papilla in 
a follicle ; the epithelial gum closing in the follicle is shown 
atj^ fig. 16. From the free margin of this follicle the pro- 
cesses are developed which indicate the configuration of 
the future crown of the tooth, and in the molars of the calf 
subsequently develop the re-entering folds on which the 
complex structure of the crown of the molar tooth depends. 
The primary dentinal papilla and its capsule rapidly increase 
by successive additions of nucleated cells, apparently de- 
rived by material supplied by the capillary plexus at 
the base ; the capillaries now begin to penetrate the sub- 
stance of the pulp itself, where they present a sub-parallel 
or slightly diverging penicillate arrangment, but preserve 
their looped and reticulate termination near the apex of the 
pulp. Fine branches of nerves accompany the capillaries, 
and terminate also in loops. The primary cells and the ca- 
pillary vessels and nerves are imbedded in, and supported by, 
a homogeneous, minutely sub-angular mucilaginous sub- 
stance, the blastema.” The cells which are smallest at 
the base of the pulp, and have large, simple, sub-angular 
nuclei, soon fall into linear series directed towards the peri- 
phery of the pulp ; where the cells are in close proximity 
with that periphery, they become more closely aggregated, 
increase in size, and present the following changes in their 
interior : — A pellucid point appears in the centre of the 
nucleus, which increases in size, and becomes more opaque 
around that central point, rendering the compressorium re- 
quisite for its demonstration. A division of the nucleus in 
the course of its long axis is next observed, in the larger 
and more elongated cells, still nearer the periphery of the 
pulp, and to the field of calcification. The sub-divided and 
elongated nuclei become attached by their extremities to 
the corresponding nuclei of the cells in advance, and the at- 
tached extremities become confluent. WJiilst these changes 
are proceeding, the calcareous salts of the surrounding 
plasma begin to be accumulated in the interior of the cells, 
and to be aggregated in a semitransparent state around the 
central granular part of the elongated nuclei, which now 
present the character of secondary cells (fig. 19, rf), and 
the salts occupy, in a still clearer and more compact state, 
the interspaces c of such cells; the elongated granular 
matter of the terminally con- 
fluent secondary cells establishes 
the area of the tubes d, by re- 
sisting, as it would seem, the en- 
croachments of the calcareous 
salts, the nuclear tracts receiving 
a smaller proportion of the salts 
in the condition of\ minute dis- 
gregated particles, which are 
usually arranged in a linear se- 
ries of nodules, and contribute 

to cause the white colour of the HigMy- magnified portion of 
moniliform area of the tube when 
viewed by reflected light, and its 

opacity when viewed by transmitted light. Thus the pri- 
niitive existence of the granular nuclei, their multiplication 
in the primary or parent cell, their elongated form, their 
serial arrangement end to end, and terminal confluence, 
are indicated in the calcified pulp by the areae of the den- 
tinal tubes (fig. 19, d) ; the interspaces of the metamor- 
phosed nuclei being occupied by calcareous salts in a clearer 
and more compact state c, with evidence, however, of a dis- 
tinctness of nucleolar membrane or secondary cell from the 
cavity of the common containing cell, which sustains the 


Introduc- 

tion. 



Pig. 19. 


1 The general results of this communication were given in the Comptes Rendus, 1839, p, 783, The commission appointed by the 
French Academy to report on a subsequent memoir on the same subject, advert to some of the phenomena previously communicated hy 
the present writer. Quant aux preparations qui montrent Far^Aite de la pulpe, non seulement nous les avons reproduites avec suc- 
cess ; mais de plus nous avons constat#, d Fdtat frais, la granulation des areoles slgnalSe par M. Richard Owen,’’ 2oe. ciu 1842, p. 1063. 
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Introduc- interpretation of the “proper parietes” of the dentinal tube- 
tion. The indications of the primitive boundary or proper parietes 
of the parent cell (fig. 19, a) are in like manner more or less 
distinctly retained, through a modification of the arrange- 
ment of the calcareous salts in the boundaries and in the in- 
terspaces of the cells. The salts are sometimes blended with 
the&astemain these interspaces in a disgregated condition, 
which renders them almost as opaque as the arese of the 
tubes. When a layer of the calcified cells is carefully de- 
tached, the exposed un calcified surface of the pulp pre- 
sents the appearance of a net-work, the meshes being formed 
by the exposed cells and the intervening very thin layer of 
blastema. Each mesh, however, which gives a transparent 
or bright contour to the cell, when viewed by transmitted 
light, instead of presenting a single stellate nucleus, shows, 
by well-directed light under a higher power, several points, 
each of which have been torn from the cavities of the den- 
tinal tubes in the displaced cap of dentine. A view of the 
thin transparent margin of the cap of a growing tooth, which 
may be cut off with a pair of fine scissors, easily affords the 
means of demonstrating the corresponding structure in that 
calcified part of the pulp. A slight change of focus is re- 
quired to bring the ends ofthetubuli in view, from that in which 
the clear outline of the dentinal cell is best seen. In propor- 
tion as the process of calcification approximates the cells, 
and as these have undergone the changes in their nucleolar 
contents preparatory to the proper arrangement of the har- 
dening salts within, the proportion ot the basal substance 
in the interspaces of the cells to the enlarged cells them- 
selves decrease's, and the cells become more readily detached, 
and seemingly independent, when torn out in the displace- 
ment of the cap of dentine. Although they are less ad- 
herent laterally to the basal substance of the pulp, they are 
more coherent with the cells of the same linear series, the 
tubes of the calcified cell accepting or effecting a union 
with the peripheral ends of the elongated granular nuclei, 
or nucleolar cavities of the contiguous cell in the next cen- 
tral layer. The angles at which the elongated nuclei, or suc- 
cessive portions of the dentinal tubuli, thus unite, con- 
stitute the secondary gyrations or curves of the cells. The 
primary curves depend upon the arrangement of the pri- 
mary linear series of the parent cells or compartments of the 
pulp. 

The original contour of these cells is most discernible 
after calcification of the teeth of the Mammalian class, and 
here with different degrees of distinctness in different spe- 
cies. They are the true dentinal cells or compartments 
(fig. 3, a, a), and must not be confounded with the so-called 
intertubular or interfibrous cells f, the first notice of 
which is due to Retzius. The diameter of the denti- 
nal compartments or calcified primary cells of the pulp is 
usually one-fourth or one-half larger than that of the blood- 
disc of the species manifesting them. These cells are figured 
in the treatise on Odontography above referred to, in the 
Mylodon (pi. 79), in the incisive tusk of the Dugong (pL 
95), in the premolar (pi. 113), and in the canine (pi. 113, a) 
of the Pteropus, in the incisor of the chimpanzee (pi. 119, a\ 
and of the human subject (pi. 123), and in the molar of a 
rhinoceros (pi. 139). They have been subsequently de- 
scribed and figured by Czermak.^ 

The altered mode of action, or change in the nuclei of 
the smaller central cells of the pulp, is the first and essential 
step in the modification of the dentinal tissue which pro- 
duces the substances which are termed osteodentin© and 
vasodentine. In the former, many of the cells retain their 
nucleus undivided, and the hardened salts are impacted 
around it in the interior of the cell, but enter only partially 
into the granular substance of the nucleus, in the minutely 
disgregated form, which produces the opacity and whiteness 
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of the resulting corpuscle. In the formation of vasoden- introduc- 
tine many of the cells lose their nucleus, which seems to tion. 
have become dissolved. In both the latter modifications of 
dental tissue the blood-vessels remain, and establish the 
wide tubular tracts in the calcified substance to which the 
name of the “ vascular canals” is given. In true, hard, or un- 
vascular dentine no trace of the blood-vessels remains ; all 
has been converted into a much more minute calcified 
tubular tissue by the assimilative or intersusceptive proper- 
ties of cells, and by the modification of their nucleolar 
contents. But the vascularity of the dentinal pulp, and 
especially the rich network of looped capillaries that adorns 
the formative peripheral layer at the period of its functional 
activity, have attracted general notice, and have been de- 
scribed by Hunter and subsequent authors on dental de- 
velopment. By most this phenomenon has been regarded 
as evidence of the secreting function of the surface of the 
pulp, and the dentine as an out-pouring from that vascular 
surface which was supposed to shrink or withdraw from the 
matter excreted. For it has been asked, “ If the unvascu- 
lar dentine be the effect of the conversion of the vascular 
pulp, by what process is all trace of the vascular ramificati{)ns 
obliterated, since none can be detected in such dentine ?” 

The same question is equally applicable to the nerves of the 
pulp. In the explanation of this process attention must 
first be paid to the almost straight and sub-parallel course 
of the vessel in the pulp’s substance, and to the remarkable 
regularity of form and size of the meshes of the terminal 
reticulation on the surface of the pulp. 

At the part where calcification has commenced the 
extremities of the capillaries are commonly found in a state 
of congestion, and crowded with blood-discs, which are 
pressed together into polyhedrons, and apparently stagnated 
and left out of the current of circulation. These aggre- 
gated blood-discs exhibited, in various and often in striking 
degrees, those changes of the contained matter to which 
their own multiplication may be due. In this present situa- 
tion and condition it is obvious that such changes must be 
preparatory either to their disap})earance and removal, or 
to some important share which they are destined to take in 
the development of the dental tissue. The stagnant cor- 
puscles nearest the vascular and unchanged pulp exhibit 
the irregularity of contour wliich has given rise to the 
terms “ mulberry” or “granulated,” applied to such altered 
blood-discs when seen in other circumstances. These cor- 
puscles in other respects, as colour, size, and general 
form, retained their usual character. The blood-discs 
nearer the cap of dentine exhibited more plainly the 
contained granules, to the commencing development oi 
which the irregular contour above mentioned is due ; this 
appearance was associated with an increase of size, a change 
from the circular to the elliptical form, and a gradual loss of 
the characteristic colour, which was longest retained by the 
central granular matter. 

The enamel-pulp differs from the dentinal pulp at its 
first formation by the more fluid state of its blastema, and 
by the fewer and more minute cells which it contains. The 
part of the blastema next the dental pulp acquires more 
consistence by an increased number of its granules, and it 
contains more numerous and larger cells. Many of these 
show a nuclear spot, others a nucleus and nucleolus ; the 
spherical nucleolar cells in the part of the blastema farther 
from the capsule are so numerous as to form an aggregate 
mass, with a small quantity of the condensed blastema in 
the minute interspaces left between the cells, which are 
pressed together into hexagonal or polygonal forms. In 
this state they constitute a great part of the enamel-pulp, 
which is of considerable extent in the complex molar teeth 
of the ruminants. The appearance produced by these 


^ Beitrage gur Mikroskopischen Anatomie der Mmschlichen ZdhnCf 8vo, 1850, taf. i. und ii. 
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Jntroduc- aggregate cells, in a section of the tooth-matrix of a calf^s 
tion. molar, is compared by Kaschkow^ and Purkinje to the 
actinenchyma of certain vegetable tissues, and the con- 
necting condensed blastema to threads of cellular tissue. 
The field of the final metamorphosis of the cells into the 
moulds for the reception of the solidifying salts is confined 
to close contiguity with the surface of the dentinal pulp. 
Here the cells increase in length, lose all trace of their 
nucleus, and become converted into long and slender cylin- 
ders, usually pointed at both ends, and pressed by mutual 
contact into a prismatic form. These cylinders have the 
property of imbibing the calcareous salts of the enamel fi'om 
the plasmatic fluid, and of compacting them in a clear and 
almost crystalline state in their interior — the disappearance 
of the nucleus being evidently the condition of the absence 
of any permanent cavity, cell, canal, or other modification of 
the mineral matter, at least in the enamel-fibres of the calf. 
In the human subject it is probable that the cavity of the 
cylinder may be subdivided, by a multiplication of delicate 
nucleoli, into compartments ; or that the remains of such 
multiplied nucleoli may cause a modification of the walls of 
the cylinder, and so produce the characteristic transverse 
striae of the enamel-fibre. This appearance is not pre- 
sented in the enamel of the frog’s tooth, nor in that of the 
teeth of the hog or calf, in which animals the writer’s ob- 
servations of the development of this tissue have been 
chiefly made. As the development proceeds, the cells in 
immediate contiguity with the calcified prisms undergo the 
same changes as their predecessors, and become united to 
them by their peripheral pointed extremities ; whilst the 
fluid plasmatic contents of the cells are exchanged for the 
dense salts of which the enamel is chiefly composed. The 
selective surface formed by the organic membrane of the 
cell would seem to be destroyed by the very pressure re- 
sulting from its own action, and exerted by the contents of 
the closely-packed contiguous prisms when the cavities of 
the cells are completely filled. The membrane ceases, at 
least, to be distinguishable under the microscope from the 
solid contents of the cell, except at that surface of die 
enamel next the capsule, and which is still in progress of 
growth. What is remarkable here is, that not the whole 
of the actinenchymatous part of the enamel-pulp is con- 
verted into the long and slender prismatic cellular basis of 
the enamel ; at least in the valleys of the complex crown 
of the molars of the ruminant and pachyderm (calf and colt). 
This part of the enamel-pulp originally occupies more space 
than the subsequent layer of enamel does ; and this super- 
fluous peripheral part seems to be absorbed, and its place 
to be occupied by a growth or thickening of the vascular 
capsule. No capillaries pass from the capsule into the 
actinenchymatous pulp of the enamel ; nor has the writer 
been able to trace a blood-vessel into that part of the cap- 
sule which was actually the seat of the calcifying processes. 
Here, as in the dentinal and enamel pulps, the calcareous 
salts are selected and arranged by the assimilative, selec- 
tive, and intus-susceptive properties of the cell walls, and by 
the repellent power of their nuclei. The enamel pulp 
bears a relation to the dentinal pulp analogous to that 
which the peripheral part of the matrix producing the vitro- 
dentine of the shark’s tooth bears to the body of the matrix 
forming the osteodentine. Evidence of the close connec- 
tion between the enamel and dentine in the marsupial 
Mammals is given in plate 102 of the author’s Odonto- 
graphy. The differentiation of the two tissues, and the 
distinction of their formative pulps, become greater in the 
higher Mammalia. 

The blastema or fundamental tissue of the capsule is at 
first semitransparent, and of a pearly or opaline colour, but 


richly ornamented with blood-vessels. As the period of its Introduc- 
calcification approaches, which is later than that of the 
dentinal pulp, it becomes denser, and exhibits numerous 
nucleated cells. The blastema itself presents more evi- 
dently a fine cellular or granular structure, in which the 
calcareous salts are impacted in a comparatively clear state, 
constituting the framework of the cemental tissue. The 
characteristic features of this tissue are due to the action of 
the proper nucleated cells upon the salts of tlie plasma 
diffused through the blastema, in which those cells are 
imbedded — ^the cells being characterized by a single large 
granular nucleus, which almost fills the clear area of the 
cell itself. If, when the formation of the cement has begun 
in the incisor or molar of a colt, one of the detached specks 
of that substance, with the surrounding and adhering part 
of the inner surface of the capsule in which it is imbedded, 
be examined, these nucleated cells are seen closely aggre- 
gated around the calcified part in concentric rows, the cells 
of which are farther apart as the rows recede from the field 
of calcification. Those next the cement rest in cup-shaped 
cavities in the periphery of the calcified part ; just as the 
first calcified cells of the thick cement which covers the 
crown of a complex molar are lodged in the exterior of the 
enamel. These exterior cavities of the cement are formed 
by centrifugal extension of the calcifying process in the 
blastema in which the cells are imbedded. The calcareous 
salts penetrate, in a clearer and more compact state, the 
cavity of the cell ; but their progress is arrested apparently 
by the nucleus, which maintains an irregular area, partly 
occupied by the salts in a subgranular, opaque condition, but 
chiefly concerned in the reception and transit of the plas- 
matic fluid, which enters and escapes by the minute tubes 
which are subsequently developed from the nucleolar cavity 
as calcification proceeds. The radiated cells or cavities 
thus formed are the most common characteristic of the 
cement, but not the constant one. The layer of the cap- 
sule which surrounds the crown of the human teeth, and of 
the simple teeth of Quadrumana and Carnivora^ consists 
of the granular blastema, without or with very few nucle- 
ated cells ; and the radiated corpuscles are consequently 
not developed, or are sparingly developed, in the cement 
which results from its calcification. In the thicker parts of 
the inflected folds of the capsule of the complex teeth of 
the Herhivora, traces of the vascularity of that part of the 
matrix are persistent, the blastema calcifying around cer- 
tain of the capillaries, and forming the medullary canals. 

The parietes of these canals are traversed by minute tubes, 
continued from, or communicating with, the radiated cells. 

In the deep sockets of the teeth of persistent growth 
the matrix is maintained by the constant additions of new 
blastema and cell material to the bases of the dentinal, enamel, 
and cemental pulps. The author has demonstrated the 
partial growth of the enamel-pulp along the side of the 
capsule corresponding to the convexity of the long incisor 
of the under-jaw of the porcupine, in the preparation now 
in the physiological series of the Hunterian collection 
(No. 375 A.) 

Chemical analyses® of the composite substances, as built Composi- 
up by the organizing processes in the fundament^ tissues tion of 
of the matrix above described, have yielded the following teeth, 
results : — 


Incisors of Adult Wan, 

Dentine. Enamel. 

Organic substance... 28*70 3*59 

Inorganic substance, 71*30 96*41 


Cement. 

ir. 

29*42 29 12 
70*58 70*88 


100-00 100*00 100-00 100*00 


1 circa dentium evolmionemf 4to, 1836. 

2 These results are cited chiefly from Bibra’s Chemische XTnUrsuchungm uber die KnocJicn und Zdhne, 8vo, 1844. 
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Introduc- 

tion. 


Molars of Adult . 

Dentine. 

Phosphate of lime, with a trace of 1 05.72 

flaate of lime / 

Carbonate of lime 3*36 

Phosphate of magnesia 1*08 

Salts <^’83 

Ohondrine 27*61 

Pat 0*40 


Unamel. 

89*82 

4*37 

1*34 

0*88 

3*39 

0*20 


100*00 100*00 


Berzelius’ analysis gives — 



Dentine. 

Enamel. 

Phosphate of lime, with a trace of 

1 64*3 

88*5 

fluate of lime 

Carbonate of lime 

.. 5*3 

8*0 

Phosphate of magnesia 

.. 1*0 

1*5 

Soda and muriate of soda 

.. 1*4 


Cartilage and other animal matter .... 

.. 28*0 

2*6 


100*0 

100*0 

Canine of a Lion, 



Dentine. 

Enamel. 

Phosphate of lime, with a trace of 1 
fluate of lime J 

60*03 

83*33 

Carbonate of lime 

3*00 

2*94 

Phosphate of magnesia 

4*21 

3*70 

Salts 

0*77 

0*64 

Chondrine 

31*57 

9*39 

Fat 

0*42 

a trace. 


100*00 

100-00 


Teeth of a Dolphin (Delphinus delphis). 


Dentine. 

Phosphate of lime, with a trace of \ ^^.07 


fluate of lime j 00 0 / 

Carbonate of lime 1*84 

Phosphate of magnesia 1 -36 

Salts 0*99 

Chondrine 28*62 

Pat 0*82 


100*00 


Cement. 

69*42 

1*79 

1-47 

0*93 

25*73 

0*66 


100*00 


Tusk of Elephant, 

Ivory. 

Phosphate of lime, with a trace of fluate of lime,. 38*48 


Carbonate of lime 5*63 

Phosphate of magnesia 12*01 

Salts 0*70 

Chondrine 42*94 

I'at 0*24 


100*00 


Tusk of Wild Boar, 


Dentine. 

Phosphate of lime, with a trace of fluate of lime.. 60*00 
Carbonate of lime 

Phosphate of magnesia 

Salts 


n*43 

Chondrine 







100*00 

Incisors of Ox, 


Phosphate of lime, with a ) 
trace of fluate of lime... J 

Carbonate of lime 

Phosphate of magnesia 

Salts 

Dentine. 

59*67 

. 7*00 

. 0*99 

0*91 

Enamel. Cement. 

81*86 68*73 

9*33 7*22 

1*20 0*99 

Chondrine 

. 30*71 
0*82 

U VO U*oi5 

Fat 

D DO 01 Oi 

0*00 A. DO 



0 u yo 


100*00 

100*00 100*00 


Crocodile, 

Phosphate of lime, with a trace of 

fluate of lime 

Carbonate of lime 

Phosphate of magnesia 

Salts 

Chondrine 

Fat 


Introduce 


Dentine. 

Cement. 

tiOQ. 

53*69 

53*39 


6*30 

6*29 


10*22 

9*99 


1*34 

1*42 


27*66 

28*15 


0*79 

0*76 



100*00 100*00 


Pike (Esox lucius), Large Teeth of Lower Jaw, 

Dentine. 


Phosphate of lime, with a trace of fluate of lime. . . 63*98 

Carbonate of lime 2*54 

Phosphate of magnesia 0*73 

Salts 0*97 

Chondrine 30*60 

Pat 1*18 


100*00 

The proportion of mineral or inorganic substance would 
seem to vary, within certain limits, in different individuals 
of the same species. Thus, in the molar teeth of one man 
Bibra found 79*00 of inorganic matter, and in another, 

7l’99; whilst Berzelius found 72'0. The proportion of 
inorganic matter in hard dentine will depend in some 
degree upon the number of dentinal tubes, from the area 
of which the salts are in part excluded : thus, in the mo- 
dified dentine (ivory) of the elephant’s tusk, in which the 
tubuli are more numerous, close-set, and extensively un- 
dulated in a given space than in ordinary dentine, the 
organic bears a greater proportion to the inorganic matter 
than in the dentine of the teeth of most other Mammals. 

The cement of the composite molar teeth of the ruminants 
and of the elephant contains a little more organic matter 
than the dentine does; but in the cetaceous dolphin it con- 
tains a rather less proportion, and is consequently harder. 

The nerves of the teeth are derived from the trigeminal Nerves of 
or fifth pair, of which the second division supplies those of the teeth, 
the upper jaw, the third division those of the lower jaw 
(fig. 20). In the human subject, the three dental branches 



JPig.20. 

Upper and Lower Jaws of a Hog, dissected to show the Nerves of tbo Teeth. 

of the infra-orbital nerve intercommunicate by their primary 
branches, from which, and from a rich plexus formed by 
secondary branches upon the membrane lining the antrum, 
two sets of nerves are sent off to the alveolar processes of 
the upper jaw: one set {rami dentales) supplies the teeth, 
the other {rami gingivales) the osseous tissue of the jaw 
and the gums. The latter agree in number with the in- 
tervals of the teeth, as the proper dental nerves do with the 
teeth themselves. These two sets are not, however, so 
distinct but that some intercommunications are established 
between the fine branches sent off in their progress to the 
parts they are specially destined to supply. The rami den- 
tales take the more direct course through the middle part 
of the osseous tissue to the teeth, penetrate the orifices of 
the fangs, and form a rich plexus with rhomboidal meshes 
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Introduc- upon the coronal surface of the pulp, the peripheral elemen- 
tion. tary filaments returning into the plexus by loops. 

lo the lower jaw, the dental nerve, besides supplying the 
proper nerves to the teeth, also forms a rich plexus, in 
which it is joined by some branches from the division of 
the nerve that afterwards escapes by the foramen mentale^ 
and from this plexus the cancellous tissue of the bone, as 
well as the gums, are supplied. 

In the dog and other Carnivora the nerve of the laniary 
tooth is conspicuous from its size : that which supplies the 
still more developed analogous tooth or tusk of the boar 
(fig. 20, c) is still more developed, having relation also to 
the continual reproduction of the matrix at the base of the 
tusk- In the lower jaw of the porcupine (fig. 21) the nerve 
of the great incisor is given off from the dental nerve (? 2 ), 


Histology 
of teeth. 



Fig. 21. 

Lower Jaw of a Porcupine, dissected to show the Neryes of the Great Tneisor, natural size. 

near the middle of its course through the osseous canal, and 
returns at an acute angle to penetrate the cavity at the base 
of the scalpriform tooth, and supply its persistent pulp L 
This recurrent course indicates the progressive change in 
the relative position of the pulp to the origin of its nerve. 

Besides the branches for the molar teeth, many smaller 
filaments penetrate the spongy texture of the bone, and 
form a rich plexus, from which the gum derives its fila- 
ments. The maxillary plexus is most richly developed, in 
the horse, above and between the alveoli of the three pre- 
molar teeth ; it is less complex where it supplies the molar 
teeth, their alveoli, and the gums. In the lower jaw of the 
horse a very rich plexus begins to be formed in the can- 
cellous substance of the bone by branches of the dental 
nerve soon after its entry into the canal. The intercom- 
munications between the dental and gingival nerves, and 
those supplied to the osseous tissue from the supra-maxil- 
lary and infra-maxillary plexuses, explain the sympathies 
manifested in neuralgy and rheumatic pains between the 
teeth and the osseous cavities in which they are implanted. 

The class of tissues in which teeth should rank has fre- 
quently been a subject of controversy in systems of histo- 
logy; the fact being overlooked, that they have not the 
same unity of composition as bones or epidermal appen- 
dages. One constituent of teeth, viz., the cement, ought 
clearly to rank with the osseous tissue ; and the dentine or 
ivory, which was described for the last time, probably, in 
July 1838, as being, ‘Mike the hair, arranged in concentric 
layers,” ^ bears, on the contrary, a close analogy to bone in 
structure, and is almost identical with it in chemical com- 
position. Its modifications, called “ vasodentine ” and 
‘‘ osteodentin e,” form intermediate gradations between 
the hard dentine and true bone. True enamel is a tissue 
•per se j but in the teeth of fishes there are several inter- 
mediate stages of gradation, which link enamel to dentine, 
as the dentine itself in most fishes passes gradually into 
bone. Heusinger ^ admits that the relation of the teeth to 


the corneous tissue {horngewebes) is not clearly elucidated Introduc- 
in human anatomy, but he affirms that it is most conclu- 
sively established in that of the lower classes of animals. 

No doubt, in tracing the modifications of the dental sys- 
tem through the animal kingdom, we find true horny pro- 
ductions substituted for teeth in certain vertebrate species, 
as the Ornithorhynchus, whale, tortoise, &c. So likewise 
the office of teeth is performed by parts (modified as to 
form) of the crustaceous and chitinous integuments of the 
articulate classes ; but there are no transitional or interme- 
diate structures, such as Heusinger alludes to, between 
teeth and nails, horns or hair. The lamellar disposition 
traceable in the texture of the hardest dentine is much 
more closely similar to that of bone, especially the con- 
centric plates surrounding the Haversian canals, than to the 
texture of nails. The structure of the tooth 
of Orycteropus is essentially like that of all 
true teeth: the apparent resemblance which it 
presents to the horn of the rhinoceros, or to 
baleen, arises from its being compounded of 
z many minute parallel and elongated denticles. 

And the close resemblance in intimate struc- 
ture and chemical composition between true 
teeth and bones being established, it may be 
observed that the osseous tissue is not confined 
to the endo-skeleton : it is developed largely 
to form the exo-skeleton in fishes, in the lo- 
ricate reptiles, and even in the Mammalian class, 

— ^as, for example, in the armadillos, where 
bone is substituted, to strengthen the integu- 
ment, for horn, which forms the scaled armour 
of the allied pangolins. Now, the relation of the tooth of 
the armadillo to that of the Ornithorhynchus is precisely 
analogous to that which subsists between the osseous 
plates of the armadillo, and the corneous scales of the 
Manis; but this relation no more establishes identity of 
tissue or system of tissues in the one case than in the 
other. 

The general form of the matrix or formative organ of 
teeth, and the relative position of the dentinal pulp to its 
product, bear a close analogy with those of the formative 
organ of hairs, bristles, shells, and other productions of the 
epidermal system. In these, however, the papilla or pulp is 
developed from the external skin ; in the teeth from the mu- 
cous membrane or internal skin. Teeth further agree with 
the extra- vascular appendages of the skin in being shed and 
reproduced, — sometimes once, — sometimes frequently dur- 
ing the lifetime of the individual ; the latter condition may 
be termed “interrupted reproduction.” In some cases, 
again, as with certain epidermal productions, the reproduc- 
tion of the tooth is “uninterrupted,” and goes on continu- 
ously during the lifetime of the individuals, new matter be- 
ing added to the base as the old is worn away from the apex 
or working surface of the tooth. 

A tooth, when fully formed, is subject to decay, but has 
no inherent power of reparation, A tooth of limited 
growth can only increase in size after its formation is com- 
pleted by abnormal growth of its most highly organized 
constituent, the cement. Thus the analogy of the dental 
organs to those of the corneous system holds only in their 
mode of development,® in their shedding and reproduction, 
and in their exposure to external influences, and to the 
contact ot extraneous bodies : but the antlers of deer are 
similarly exposed, and are likewise shed and reproduced 
annually, and also contemporaneously with the fall and re- 
production of the hair ; yet antlers are not therefore classed 
with the horny tissues, any more than the bony cone of the 
horns of the cavicorn ruminants. 


^ Medico ’Chirurgical Itemew, p, 43. ^ System der Histolcgie^ 4to, 1823, p. 160. 

® The cells and fibres of the horny tissues are formed in, and not excreted from, the surface of their formative pulps. 
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Sect. I.— TEETH OF FISHES. 

The fishes of Great Britain, and those which are knowii 
to us by vernacular names, form a comparatively small part of 
the class ; but wherever the dentition of such is described, 
the species will be indicated in the present article by their 
common names. As, however, many interesting modifica- 
tions of the dental organs occur in exotic fishes, known by 
no other names than those by which they are recorded^ in 
the systems and catalogues of naturalists, the information 
respecting tlieir dentition which is here endeavoured to be 
given must be unavoidably confined to those who com- 
bine some knowledge of Zoology with that of Comparative 
Anatomy. 

Excellent illustrations of the dental system in fishes are 
given in the article Ichthyology, as, from the preda- 
ceous AUpisaurus (p. 213, fig. 19), the phytiphagous P/o- 
tosus (p. 220, fig. 50), and in various other species, from 
figs. 52 to 62 inclusive, accompanied with so exact a sum- 
mary of the general modifications of the system in the 
piscine class, as leaves little to be added in the present 
article on that head. Yet this little appears necessary ; for 
the teeth of fishes, whether we study them in regard to 
their number, form, substance, structure, situation, or mode 
of attachment, ofier a greater and more striking series of 
varieties than do those of any other class of animals. 

As to number^ they range from zero to countless quan- 
tities. The lancelet, the ammocete, the sturgeon, the 
paddle-fish, and the whole order of Lophobranchii^ are eden- 
tulous. The Myxinoids have a single pointed tooth on the 
roof of the mouth, and two serrated dental plates on the 
tongue. The tench has a single grinding tooth on the 
occiput, opposed to two dentiferous pharyngeal jaws below. 
In the lepidosiren (fig. 36), a single maxillary dental plate 
is opposed to a single mandibular one, and there are two 
small denticles on the nasal bone. In the extinct sharks 
with crushing teeth, called Ceratodus and Ctenodus^ the 
jaws were armed with four teeth, two above and two below. 
In the ChimercB two mandibular teeth are opposed to four 
maxillary teeth. From this low point the number in dif- 
ferent fishes is progressively multiplied, until in the pike 
and many other fishes the mouth becomes crowded with 
countless teeth. 

Substance. With reference to the main and fundamental tissue of 
tooth, we find not fewer than six leading modifications in 
fishes: — Hard or true dentine, — Sparoids, Labroids (fig. 6), 
Lophius^ Balistes, Pycnodonts^ Prionodon, Sphyrcena^ Me- 
galichfkys, Rhizodus^ Diodo% Scarns : Osteo-dentine, — 
Cesiracion^ Acrodus^ Lepidosiren^ Ctenodus^ Hybodus, 
Percoids^ Sdcenoids^ Cottoids^ Gobioids^ and many others : 
Vaso-dentine, — Lamna (fig. 7), PsammodiLSy Chimceroids^ 
Pristis^Myliohates : Plici-dentine, — Lophius, Holoptychius, 
Lepidosteus oxyurus^ at the base of the teeth : Labyrintho- 
dentine, — Lepidosteus platyrhinus^ Bothriolepis : and Den- 
dro-dentine, — Dendrodus (fig. 14) ; besides the compound 
teeth of the Scarus and Diodon, 

One structural modification may prevail in some teeth, 
another in other teeth of the same fish ; and two or more 
modifications may be present in the same tooth, arising 
from changes in the process of calcification and a persist- 
ency of portions or processes of the primitive vascular pulp 
or matrix of the dentine. The modifications of dentine, 
called vasodentine and osteodentihe,^ predominate much 
more than in the higher Vertebrata; and they thus more 
closely resemble the bones which support them. There is, 
however, great diversity in respect of substance. The teeth 


Structure. 


of most of the Chsetodonts are flexible, elastic, and com- 
posed of a yellowish subtransparent albuminous tissue; 
such, likewise, are the labial teeth of the Helostome, the '' 
premaxillary and mandibular teeth of the Goniodonts, and 
of that percoid genus thence called Trichodon. In the 
Cyclostomes (lampreys) the teeth consist of a denser albu- 
minous substance. The upper pharyngeal molar of the 
carp consists of a peculiar brown and semitransparent tissue, 
hardened by salts of lime and magnesia. The teeth of the 
flying-fish {Exoccetus) and sucking-fish (Remora) consist 
of osteodentine. In many fishes, e.^., the Acanthurus^ 
Sphyrcena, and certain sharks (Lamna^ fig. 7), a base, or 
body of vasodentine, is coated by a layer of true dentine, 
but of unusual hardness, like enamel ; in Prionodon this 
hard tissue predominates. In the Labrus the pharyngeal 
crushing teeth consist wholly of hard or unvascular dentine 
(fig. 6). In Pycnodonts, and many other fishes, the body 
of the tooth consists of ordinary unvascular dentine, covered 
by a modification of that tissue which I have called “ vitro- 
dentine,** from its clear, polished, enamel-like character; 
but this is not enamel, nor the product of a distinct organ 
from the dentinal pulp: it differs from ordinary dentine 
in the greater proportion of the mineral particles, their 
more minute diffusion through the gelatinous basis, and in 
the straighter course and more minute size of the dentinal 
tubes ; it results from the calcification of the external layer 
of the dentinal pulp, and is the first part of the tooth which 
is formed. In Sargus and Balistes the body of the tooth 
consists of true dentine, and the crown is covered by a 
thick layer of a denser tissue, developed by a distinct organ, 
and differing from the enamel” of higher animals only in 
the more complicated and organized mode of deposition of 
the earthy salts. The ossification of the capsule of the 
complex matrix of these teeth covers the enamel with a 
thin coating of ‘‘ cement.” In the pharyngeal teeth of the 
Scartis a fourth substance is added by the ossification of the 
base of the pulp after its summit and periphery have been 
converted into hard dentine ; and the teeth thus composed 
of cement, enamel, dentine, and osteodentine, are the most 
complex, in regard to their substance, that have yet been 
discovered in the animal kingdom. 

The tubes which convey the capillary vessels through 
the substance of the osteodentine and vasodentine of 
the teeth of fishes^ were early recognised on account of 
their comparatively large size, — as by Andr§, e.^., in the 
teeth of Acanthurus^ and by Cuvier and Von Born in the 
teeth of the wolf-fish and other species. Leeuwenhoek 
had also detected the much finer tubes of the peripheral 
dentine of the teeth of the haddock. These dentinal 
tubuli are given off from the parietes of the vascular canals,' 
and bend, divide, and subdivide rapidly in the hard basis- 
tissue of the interspaces of those canals in osteodentine ; 
the dentinal tubuli alone are found in true dentine, and 
they have a straighter and more parallel course, usually at 
right angles to the outer surface of the dentine. Those 
conical teeth of fishes which, when fully-formed, con- 
sist wholly or in great part of osteodentine or vasoden- 
tine, always first appear with an apex of hard or true den- 
tine. In some fishes the simple central basal pulp-cavity 
of such teeth, instead of breaking up into irregular or pa- 
rallel canals, sends out a series of vertical plates from its 
periphery, which, when calcified, give a fluted character to 
the base of the tooth, e»g*^ in Lepidosteus oxyurus. Some- 
times such radiating vertical basal plates of dentine are 
wavy in their course, and send off narrow processes from 
their sides ; and as a thin layer of the outer capsule inter- 


Teeth of 
Fishes, 


^ Odontography^ Introduction, p. Ixxii. 

ia like that of tie teeth of the Cape ant-eater (Oryeteropu ,) ; the vasodentine of the Psam- 
oaLde^nX aWelm^^^^ megatherium ; the vasodentine of Man>mala differs from the 
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digitates with the outstanding plates of the dentinal pulp, 
and becomes co-calcified with them, a transverse section of 
such a tooth presents a series of interblended wavy or laby- 
rinthic tracts of thick dentine radiating from the centre, and 
of thin cement converging towards the centre of the tooth. 

An analogous but more complicated structure obtains, 
when the radiating wavy vertical plates of dentine dichoto- 
mize, and give off from their sides, throughout their course, 
numerous branch plates and processes, which are traversed 
by medullary sinuses and canals, with their peripheral ter- 
minations dilated, and becoming the centres of lobes or 
columns of hard dentine. The transverse section of such 
teeth gives the appearance of branches of a tree, with leaf- 
stalks and leaves radiating from the central pulp-cavity to 
the circumference of the tooth ; whence the fossil fish in 
which this structure was first detected has been called 
Dendrodus (fig. 14). 

With respect to situation the teeth in sharks and rays 
are limited to the bones (maxillary and mandibular) which 
form the anterior aperture of the mouth. In the carp and 
other Cyprinoids the teeth are confined to the bones (pharyn- 
geal and basi-occipital) which circumscribe the posterior 
aperture of the mouth. The wrasses (Labrus) and the 
parrot-fishes (^Scarus) have teeth on the premaxillary and 
premandibular bones, as well as on the upper and lower 
pharyngeals ; both the anterior and posterior apertures of 
the mouth being thus provided with instruments for seiz- 
ing, dividing, or comminuting the food, the grinders being 
situated at the pharynx. In most fishes teeth are deve- 
loped also in the intermediate parts of the oral cavity ; as 
on the palatines, the vomer, the hyoid bones, the branchial 
arches; and, though less commonly, on the pterygoids, 
entopterygoids, the sphenoids, and even on the nasal bone 
(fig. 36, c). It is very rare to find teeth developed on the 
true superior maxillary bones ; but the herring and salmon 
tribes, some of the ganoid fishes, and the great Sudis, are 
examples of this approach to the nigher Vertebrates. Among 
the anomalous positions of teeth may be cited, besides the 
occipital alveolus of the carp,^ the marginal alveoli of 
the prolonged, depressed, well-ossified rostrum of the saw- 
fish {Prisiis). In the lampreys, and in Helostomus (an 
osseous fish), most of the teeth are attached to the lips. 
Lastly, it is peculiar to the class Pisces, amongst Vertebrata, 
to offer examples of teeth developed in the median line of 
the mouth, as in the palate of the Myxines ; or crossing the 
symphysis of the jaw, as in Notidanus^ Scymnm^ and Mylio- 
hates. 

Nor is the inode less varied than the place of attachment 
The teeth of Loyhius, Pcecilia, and Anahleps are always 
moveable ; in most fishes they are anchylosed to the jaw by 
continuous ossification from the base of the dental pulp, the 
histological transition being more or less gradual from the 
structure of the tooth to that of the bone. Sometimes we 
find, not the base, but one side of the tooth anchylosed to 
the alveolar border of the jaw, and the teeth oppose each 
other by their sides instead of their summits (Scarus) ; in 
PimeloduSy however, where the teeth are thus attached, 
the crown is bent down in the upper teeth, and is bent up 
in the lower ones, at right angles to the fang, so that they 
oppose each other in the normal way. Certain teeth of 
recent or fossil cartilaginous fishes have their base divided 
into processes like fangs ; but these serve for the attach- 
ment of ligaments, and are not set in bony sockets like the 
true fangs or roots of the teeth of Mammals. Some sharks 
have two divaricating fangs. Some fossil teeth, referred to 
the genus Petalodus by Agassiz, with the specific name 
‘‘ radicans,’' have the base divided into several fangs or 
pirOcesses, indicating a generic distinction. The base of 
anchylosed teeth is at first attached to the jaw-bone by 


ligament ; and in the cod-fish, wolf-fish, and some other 
species, as calcification of the tooth progresses towards its 
base, the subjacent portion of the jaw-bone receives a sti- 
mulus, and develops a process corresponding in size and 
form with the base of the tooth. For some time a thin 
layer of ligamentous substance intervenes, but anchylosis 
usually takes place to a greater or less extent before the 
tooth is shed. Most of the teeth of the Lophius retain the 
primitive ligamentous connection. The ligaments of the 
large internal or posterior teeth of the upper and lower 
jaws radiate on the corresponding sides of the bones, the 
base of the tooth resting on a conformable alveolar process. 

Some implanted teeth in the present class have their 
hollow base further supported, like the claws of the feline 
tribe, upon a bony process arising from the base of the 
socket; the incisors of the file-fish {Balisfes, fig. 22), e.g.^ 
afford an example of this double or reciprocal gomphosis. 
In fig. 22 the teeth 
in place, and the outer 
wall of the premaxil- 
lary, have been re- 
moved to show, as at 
a, the socket and the 
basal peg of the fully 
developed incisor ; at b 
the apex of a succes- 
sional incisor, which 
has worn away the 
peg, and caused the 
fall of the incisor it 
was about to succeed ; iBalistesforcipatus). 

and at c the less advanced germ of the tooth destined to 
succeed that which was supported by the peg a. 

The vertical section of a pharyngeal jaw and teeth of the 
wrasse (Labrus, figs. 23 and 6), would afford the architect a 
model of a dome of unusual strength, and so supported as to 
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Fig, 2$. 

Section of Pharyngeal Bone and Teeth of a Wrasse (J[Mbrus.) 

relieve from pressure the floor of a vaulted chamber (fig. 23, 
c, c) beneath. The base of the dome-shaped tooth a is slightly 
contracted, and is implanted in a shallow circular cavity, the 
rounded margin of which is adapted to a circular groove in 
the contracted part of the base ; the margin of the tooth, 
which immediately transmits the pressure of the bone, is 
strengthened by an inwardly projecting convex ridge. The 
masonry of this inner buttress, and of the dome itselF^ is com- 
posed of hollow columns, every one of which is placed so as 
best to resist or transmit in the due direction the exter- 
nal pressure (fig. 23). The floor of the alveolus is thus 
relieved from the office of sustaining the tooth : it forms, 
in fact, the roof of a lower vault, in which the germ of a 
successional tooth (fig. 23, 6, b) is in course of develop- 
ment. Had the crushing tooth in use rested, as in the 
wolf- fish, by the whole of its base upon the alveolus, the 
supporting plate, gi’adually undermined by the growth of 
the new tooth, must have given way, and been forced upon 
the subjacent delicate and highly vascular and sensitive 
matrix of the half-formed tooth. But the superincumbent 
pressure is exclusively sustained by the border of the al- 
veolus, whence it is transferred to the walls dividing the 
vaulted cavities containing the germs of the new teeth. 


^ Odontography, pi. 8, vol. iii., p. 980, fig. 518. 
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Teeth of The roofs of these cavities yield to the absorbent process 
Fishes, consequent on the growth of the new teeth, without mate- 
rially weakening the attachment of the old teeth, and with- 
out the new teeth being subjected to any pressure until 
their growth is sufficiently advanced to enable them to bear it 
with safety. By this time the sustaining borders of the old 
alveolus are undermined, and the worn-down tooth is shed. 

Many analogous structures could be adduced did space 
permit: in fact, the whole of this part of the organization 
of fishes is replete with beautiful instances of design, and 
instructive illustrations of animal mechanics. 

Develop- As might have been anticipated from the discovery of 
the varied and predominating vascular organization in the 
teeth of fishes, and the passage from non-vascular dentine to 
vascular dentine in the same tooth, the true law of the de- 
velopment of dentine “ by centripetal metamorphosis and 
calcification of the cells of the pulp,” was first definitely 
enunciated and illustrated from observations made on the 
development of the teeth of fishes.^ 

It is interesting to observe in this class the process ar- 
rested at each of the well-marked stages through which the 
development of a mammalian tooth passes. In all fishes 
the first step is the simple production of a soft vascular pa- 
pilla from the free surface of the buccal membrane. In 
sharks (fig. 24) and rays, these papillae c do not proceed 
to sink into the substance of the gum, but are covered by 
caps of an opposite free fold of the buccal membrane. These 
caps /, g, do not contract any organic connection with the 
papilliform matrix; but, as this is converted into dental 
tissue, the tooth is gradually withdrawn from the extraneous 
protecting cap to take its place and assume the erect posi- 
tion on the margin of the jaw, as at < 2 , S. Here, therefore, is 
represented the first and transitory “ papillary” stage of 
dental development in Mammals; and the simple cre- 
scentic cartilaginous maxillary plate, with the open groove 
beliind containing the germinal papillae of the teeth, offers 
in the shark a magnified representation of the earliest con- 
dition of the jaws and teeth in the human embryo. 

In many fishes, e.^., the angler {Lopkim) and pike, 
the dental papillae 
become buried in 
the membrane from 
which they rise, and 
the surface to which 
their basis is at- 
tached becomes the 
bottom of a closed 
sac; but this sac 
does not become in- 
closed in the sub- 
stance of the jaw ; 
so that teeth at 
different stages of 
growth are brought 
away with the thick 
and soft gum, when 
it is stripped from 
the jaw-bone. The 
final fixation of 
teeth so formed is 
effected by the de- 
velopment of liga- 
mentous fibres in 
the sub-mucous tis- 
sue between the jaw 
and the base of the 
tooth ; which fibre S Section of the Ja\r and Teeth of a Shark {Lamm), 

become the medium of connection between those parts, either 



as elastic ligaments, or by continuous ossification. Here, Teeth of 
therefore, is represented the ‘‘follicular” stage of the de- Fishes, 
velopment of a mammalian tooth ; but the “eruptive ” stage 
takes place without previous inclosure of the follicle and 
matrix in the substance of the jaw-bone. 

In Balistes (fig. 22), Scams (fig. 34), Sphyrcma^ the 
Sparoids, and many ocher fishes, the formation of the teeth 
presents all the usual stages which have been observed 
to succeed each other in the dentition of the higher 
Vertebrata: the papilla sinks into a follicle, becomes sur- 
rounded by a capsule, and is then included within a closed 
alveolus of the growing jaw (fig. 22, c), where the develop- 
ment of the tooth takes place, and is followed by the usual 
eruptive stages. A distinct enamel-pulp is developed in 
Balistes^ Scarus^ Sargus, and Chrysophrys, 


No cartilaginous fish has teeth implanted in maxillary alveolar Squalid® 
cavities, or confluent with the substance of the jaw; they are at- or sharks! 
tached to the fibrous and mucous membrane which cover the max- * * 

illary cartilages ; thence it occurs, in certain genera, as Myliobates 
and Scymnusj that a single tooth in the median plane may lie di- 
rectly across the symphysis, and he supported by the two rami of 
the jaw. The Plagiostomes, like many other natural families of 
fishes, present such modifications of their common and character- 
istic type of structure as fit them for very different habits of life, 
and the acquisition of different kinds of food. The active and 
predatory sharks are associated in this order with the sluggish 
omnivorous rays, and the dental system presents every grade of 
modification from the laniary to the molary type. The Lamna 
(fig. 24), with its teeth exclusively adapted for holding, piercing, 
and lacerating, and the Myliobates (fig. 26), with its maxillary 
mosaic pavement of flattened molars, form the two extremes of the 
series. 

The sharks, or squaloid Plagiostomes, with few exceptions, have 
teeth of a conical, sharp-pointed, more or less compressed form, 
sometimes with trenchant or serrate edges and accessary basal den- 
ticles ; they are arranged along the margin and posterior surface of 
the jaws in close-set vertical rows of from three to thirteen teeth 
in each row, according to the species. The teeth of the contiguous 
rows in certain genera, as Selache and Lamna, are parallel to each 
other; hut in GaZews and OarcAanas they are placed alternately, 
so that the base of one tooth advances laterally into the interspace 
of two teeth of the contiguous row, and reciprocally ; but the late- 
rally contiguous teeth are never articulated with eacla other, as in 
certain rays. 

In general the anterior or external tooth only of each row is 
erect, the rest being recumbent. In Lamna, however, the second 
and third teeth are commonly seen in positions intermediate be- 
tween those of the erect anterior (fig. 24, a) and the recumbent 
posterior teeth (c). It is scarcely necessary to repeat, that although 
the teeth of the sharks possess greater individual mobility than 
those of the rays, the recumbent ones (fig. 24, c) cannot, as has 
been supposed, be voluntarily erected. These teeth are still in pro- 
gress of development, and several of them are covered by a reflec- 
tion of the mucous membrane of the mouth (fig. 24, g), which would 
be lacerated by such a movement ; it is by a gradual change of po- 
sition in the fibrous membrane, to which their base is attached, 
that the altered direction of the consolidated teeth is effected. 

The forn^ation of the teeth of the sharks, as of many other fishes, 
exemplifies, on a large scale, the earliest or papillary stage of 
dental development in the higher classes of animals. It is not suc- 
ceeded here by either a follicular or an eruptive stage ; the for- 
mative papillae are never inclosed, and consequently never break 
forth. The pulp, when consolidated by the deposition of the cal- 
careous salts in the pre-existing cells and tubes, is gradually with- 
drawn from the protective sheath (fig. 24, g), which the thecal 
fold of mucous membrane/, /afforded during the early stages of 
its formation. In the uterine foetus, one foot long, of the great 
white shark {GharohoA'odon), the jaws seem at first sight to be 
edentulous ; a fissure presents itself on the inner side of the margin 
of each jaw, running parallel with it, between the thin smooth 
membrane covering the convex edge of the cartilage, and the free 
margin of a fold of mucous membrane which lies parallel to and 
upon the inner side of the jaw. When this fold is drawn away 
from the jaw, the minute teeth are exposed, arranged in the usual 
vertical rows ; these points are all directed backwards and towards 
the base of the jaw, and are seen to slip out of fossae or sheaths in 
the membranous folds, as this is gradually reflected backwards and 


1 In the author’s Bimterian Leeum, delivered at the Koyal College of Surgeons, May 1839. See also CompU Rendu de VAcadimie dee 
Scimces, Dec, 1839, p. 784; and Odontography, Introduction, and part i,, passim. 
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The teeth of the rays are in general more numerous than those Teeth of 
of the sharks } they have less mobility, are more closely impacted, Fishes, 
and in some cases are laterally united together by fine sutures, so 
as to form a kind of mosaic pavement on both the upper and lower 
jaws. The Myliohatesy or eagle-rays, which present the last-men- „ 
tioned condition, unique in the vertebrate sub-kingdom, have large "^7®* 
and massive teeth (£g. 26) j but in the rest of the present family of 
cartilaginous fishes, the teeth (fig. 26) are remarkable for their 
small size as compared with those of the sharks. The teeth in some 
species of rays are adapted for crushing, but in others they have 
the middle or one of the angles of the crown produced into a sharp 
point. In all genera of the ray tribe, whatever the diversity of 
size and shape of the teeth, they are placed in several rows, and 
succeed each other uninterruptedly from behind. 

In the genus Rhina, each tooth is supported on a short fang or 
pivot, which tapers as it recedes from the crown ; there is a groove 
along the posterior part of the pivot, and a perforation on each 
side ; the crown is lozenge-shaped, convex above, and sculptured 
with a series of transverse and slightly undulating and punctate 
ridges, presenting a pattern which somewhat resembles that of the 
grinding surface of the comparatively gigantic tooth of the extinct 
cartilaginous fish of the chalk formation called Ftychodus. The 
modification of the dentigerous surface of the jaws, and the beautiful 
quincuncial arrangement of these teeth, are exhibited in fig. 25. 



Fig. 25. 

Dental Pavement of the Upper Jaw (Bhina), 


The middle part of the upper jaw forms a bold prominent convexity, 
separated by a depression on each side from a lateral and less pro- 
duced rising. The contour of the dentigerous surface of the lower 
jaw presents depressions corresponding to the eminences above, 
and vice versa. 

The modification of the plagiostomous type of teeth, for the 
purpose of crushing alimentary substances, is most complete in the 
genus Myliohates. A view of this armature of the mouth, as seen 
from behind in the Myliohates aquila^ is given in fig. 26. Both 


Ralidas, or 


towards the base of the jaw. Here the anterior lamina of the fold, 
which, from its office, may be termed thecal,’’ is continuous with 
the mucous membrane at the base of the rows of teeth • the poste- 
rior layer is reflected backwards to the front line of attachment 
of the tongue. Close to the anterior line of reflection there is a 
row of simple conical papillse ; in the succeeding row the papillae are 
larger, the cone broader and flatter, and its apex is covered with a 
small cap of dense and glistening dental substance, which is readily 
removed, though not without displacement of part of the dental 
pulp, the granules of which, adherent to the cavity of the displaced 
dental cap, are always readily recognisable under the microscope. 
The third series of papillae, counting from below in the lower jaw, 
have acquired the size and shape of the future tooth, with the cre- 
nate edges well marked ; half the tooth is completed, and its re- 
moval from the fleshy base of the pulp cannot be effected without 
evident laceration of the pulp. When this is done under the mi- 
croscope, the torn processes of the pulp continued into the medul- 
lary canals of the new-formed tooth are plainly visible. The 
fourth tooth is completely formed, as also the fifth and sixth in 
the ascending series : these progressively diminish in size. The 
last or highest, which is first exposed on reflecting the thecal 
fold, and the first which was completed in the order of develop- 
ment, consists of a simple cone, similar in form and size to the 
apical third of the ordinary-sized teeth below it ; yet its growth 
is quite completed, and its base firmly attached to the maxillary 
membrane. 

In a foetus of a white shark {Carcharias ferox) 3 inches long, 
which had not lost its external branchiae, the membranous groove 
between the jaw and thecal fold was much shallower, and only 
two rows of papillae were present on the maxillary membrane. 
The minute anterior teeth in the more advanced foetus were 
developed from these primitive papillae, which must be succeeded 
by others of progressively larger size, till the normal form and 
dimensions of the adult teeth are attained. The foetal shark is 
peculiarly favourable for such comparisons, as it presents nume- 
rous pulps and teeth in every stage of formation, easily detached, 
and without violence, from their exposed situation, and of a 
flattened form, well adapted for microscopical observation. 

The unossified pulps, examined with a high power, consist of 
semi-opaque polyhedral granules or cells suspended in a clear 
matrix^ and the whole is inclosed in a tough transparent mem- 
brane, which forms the outer surface of the pulp. Beneath this 
membrane, at the crenate margins, the nucleated cells are 
arranged in lines precisely corresponding with those of the 
subsequent dentinal tubes. The formation of the tooth com- 
mences by the deposition of earthy particles in the tough ex- 
ternal membrane of the pulp. The present writer has been 
unable to recognise the distinct arrangement of the hardening 
salts in this layer. It is transparent, extremely dense, and 
forms the enamel-like polished coating of the tooth; in sections 
of fully -formed teeth, the finest terminal branches of the parallel 
peripheral dentinal tubes are lost in the above clear enamel- 
like substance. When this outer layer of the apex of the tooth 
is completed, it is so easily detached from the subjacent pulp, 
that it might be readily supposed that there was no organic con- 
nection between them. If, however, the so exposed pulp be now 
examined with the microscope, and compared with an un calcified 
pulp, it is seen to be no longer covered with the smooth, dense 
membrane observable in the latter; but the apical edges, from 
which the enamel-like cap has been detached, appear villous or 
floccular. It is obvious that the first shell of the tooth has been 
neither transuded from the superficies of the external membrane of 
the pulp, nor has been deposited between that membrane and the 
granular part of the pulp, but is due to the conversion of the ex- 
ternal membrane into a dense enamel-like bone. The formation 
of the body of the tooth by deposition of earthy particles in pre- 
existing and pre-arranged cavities is still more satisfactorily demon- 
strable. In proportion as the formation of the tooth has advanced, 
the difficulty of separating the calcified from the uncalcified portion 
of the pulp is increased ; and at the same time it becomes easier to 
detect the continuation of the processes of the pulp into those 
medullary canals which form so many separate centres of radiation 
of the plexiform dentinal tubes. 

As a consequence of a formation of a tooth by conversion of, 
instead of transudation from, a pre-existing pulp, the successive 
formation of these pulps necessarily follows where a succession of 
teeth is required. These reproductive pulps are developed, in the 
shark, from the vascular mucous membrane at the angle of reflec- 
tion of the thecal fold upon the groove of the basal line of the jaws. 
They gradually advance from this situation towards the margin of 
the jaw, the centripetal calcification extends as they advance, and 
consolidation is completed (as in fig. 24, c) by the time the teeth 
are ready to change their recumbent for the erect position 6a, 
and take the place of the tooth previously shed. 



Jaws and Teetb. of an Eagle-Ray {Myliohates aquila) 

jaws are covered with a pavement of broad teeth, having a flat 
grinding surface, vertical and finely-undulated sides, by which 
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contiguous teeth are joined together, as by a suture (fig. 27", c), and 
a base divided into a 
number of small parallel 
longitudinal ridges. 

The entire phalanx 
of dental plates of the 
upper jaw describes the 
segment of a circle. A 
longitudinal and verti- 
cal section of a single 
dental plate, viewed by 
a compound lens of an 
inch focus, exhibits at 
its base a coarse net- 
work of large irregu- 
lar canals, filled with 
a vascular medullary 
pulp. From this net- 
work smaller medul- 
lary canals proceed to- 
wards the flat grinding 
surface, in a straight Fig. 27. 

and slightly diverging Magnified Section of parts of two contiguous 
course, subdividing di- of Myliobates aqmla. 

chotomously, with interspaces equal to their own diameter at the 
base, but much wider at the working surface of the tooth ; under the 
same power, the area of the medullary canals presents generally an 
irregular elliptical form (fig. 57, a), from which radiating dentinal 
tubes are faintly perceptible. Each canal and its series of tubes is 
surrounded by a line of generally a hexagonal form (fig. 27, 5), which 
constitutes the boundary between contiguous canals and tubes ; the 
whole tooth being thus composed of an aggregate of slender, elon- 
gated, commonly six-sided prismatic teeth, placed vertically to the 
grinding surface. The wavy line of the suture, uniting two conti- 
guous teeth, is sho'wn at c. 

The teeth of the Myliobates, like those of the rest of the Plagios- 
tomes, are successively formed at the posterior part of the tesse- 
lated series in proportion as they are worn away in front. A series 
of minute and closely-aggregated papilliform matrices rise from the 
mucous membrane behind the teeth, and are covered by a fold of 
the same membrane, which is reflected forward so as to conceal 
the pulps of the last-formed teeth. The papilliform pulps are 
ossified by the deposition of the calcareous salts in the peripheral 
cells and radiating tubes ^ hut the medullary or central canal of 
each pulp continues to retain its organized and vascular contents 
until the whole of the compound tooth is completed ; the calcified 
wall of the medullary canal is then thickened, and the area dimi- 
nished, by the successive formation of concentric laminae of osseous 
matter. 

As the teeth of the Myliobates are gradually carried forwards 
into action by the direction of growth of their basis of support, the 
areas of the medullary canals become progressively diminished, as 
in bone, by osseous deposition in concentric layers, and they thus 
become finally consolidated in the anterior teeth. 

The dental characters of this family of cartilaginous fishes are 
chiefly manifested in a form of tooth better adapted for crushing or 
comminuting alimentary substances which offer only passive resist- 
ance, than for piercing, cutting, and lacerating a living prey j and 
in most of the species the teeth vary in form and size in the same in- 
dividual to a greater degree than in the sharks. Of the numerous 
singular forms of this tribe of cartilaginous fishes that once peopled 
the seas of the Iforthern Hemisphere, and which have left their less 
perishable remains in the secondary strata of the present dry land, 
all have now disappeared, and the sole existing representative is 
the genus CestracioUf of which the most common species is met with 
in the Australian seas. The ancient fossils above alluded to would 
have been scarcely intelligible, unless the key to their nature had 
been afforded by the teeth and spines of the existing Cestracion. 
In the Port Jackson shark (^Cestracion Phillippii), the jaws form a 
greater proportion of the skull than in any other existing cartila- 
ginous and plagiostomous fish. They are also more elongated, and 
directed more horizontally forward, thus approaching nearer to the 
usual position of the jaws in the osseous fishes. The teeth are ar- 
ranged, as in the Plagiostomes generally, in several antero-posterior 
TOWS along the margin and inner surface of both jaws (fig. 28 ) ; 
hut the rows are more oblique than in the sharks, although less so 
than in certain rays, — e.gr., Jthina. The teeth of the upper jaw are 
delineated in fig. 28. Those at the anterior part of the jaws are 
the smallest; they present a transverse, suhcompressed, conical 
figure, with the apex produced into a sharp point ; the points are 
worn away from the used teeth at the anterior and outer parts of 
the jaw, are strongly marked in those which stiU lie below the 
margin. There are six subvertical rows of these small cuspidate 
teeth on each side of the jaw, together with a median row close to 
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the symphysial line, and there are from twelve to fourteen teeth in 
a row. Behind the cuspidate teeth the five consecutive rows of 
teeth progressively increase in all their dimensions, but principally 
in their antero-posterior extent. The sharp point is converted into 
a longitudinal ridge traversing a convex crushing surface, and the 
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Fig. 28. 

Upper Jaw and Teeth of Port Jackson Shark (Cestracion), half xiat. size. 

ridge itself disappears in the largest teeth. As the teeth increase 
in size, they diminish in number in each row. The series of the 
largest teeth includes from six to seven in the upper, and from 
seven to eight in the lower jaw. Behind this row the teeth, although 
preserving their form as crushing instruments, progressively dimi- 
nish in size, while at the same time the number composing each 
row decreases. From the oblique and apparently spiral disposition 
of the rows of teeth, their symmetrical arrangement on the opposite 
sides of the jaw, and their graduated diversity of form, they con- 
stitute the most elegant tesselated covering to the jaws which is to 
be met with in the whole class of fishes. 

The modifications of the form of the teeth above described, by 
which the anterior ones are adapted for seizing and retaining, and 
the posterior for cracking and crushing alimentary substances, are 
frequently repeated, with various modifications and under different 
conditions, in the osseous fishes. They indicate, in the present 
cartilaginous species, a diet of a lower organized character than in 
the true sharks; and a corresponding difference of habit and dis- 
position is associated therewith. The testaceous and crustaceous 
invertebrate animals constitute most probably the principal food of 
the Cestracion, as they appear, by their abundant remains in second- 
ary rocks, to have done in regard to the extinct Cestracionts, with 
whose fossil teeth they are associated. 

From the extensive series of osseous fishes, the limits of the pre- 
sent article compel a selection of a few of the more remarkable 
modifications of the dental system. 

Genus Anaehicas. — ^The cat-fish or wolf-fish (Anarhieas lupus) Anarhicas. 
has two kinds of teeth with well-marked distinction of form, ac- 
cording to which they might be termed laniaries or canines, and 
molars. The anterior teeth (fig. 29, a) form strong cones, and 
diverge so as to act as grappling hooks, well fitted for a firm grasp 
of the mailed body of a struggling lobster, or for extracting the 
shell-fish from his rocky recess or sandy burrow. The hack teeth 
c are like paving-stones, and are powerful crushers. The pre- 
maxillary teeth (fig. 29, a) are all conical, and arranged in two rows ; 
there are two, three, or four in the exterior row, at the mesial half 
of the bone, which are the largest; and from six to eight smaller 
teeth are irregularly arranged behind. There are three large, 
strong, diverging laniaries at the anterior end of each premandi- 
bular bone (fig. 29), and immediately behind these an irregular 
number of shorter and smaller conical teeth, which gradually ex- 
change this form for that of large obtuse tubercles ; these extend 
backwards, in a double alternate series, along a great part of the 
alveolar border of the bone, and are terminated by two or three 
smaller teeth in a single row, the last of which again presents the 
conical form. Each palatine bone supports a double row of teeth, the 
outer ones being conical and straight, and from four to six in num- 
ber ; the inner ones two, three, or four in number, and tuberculate. 

The lower surface of the vomer (fig. 29, c) is covered by a double 
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Fig. 29, 

Upper and Lower Jaws and Teeth of the Wolf-fish (^AnarMcas lupus), 
half nat. size. 


bones are two in number^ and have the teeth arranged in a double Teeth of 
alternate row along each margin. Fishes. 

The pharyngeal, palatine, and vomerine teeth are fixed by anchy- 
losis to their respective bones ; this is also the case with most of 
the premaxillary teeth, and with the exterior teeth of the lower 
jaw (fig. 31, a, «), but the remainder, and especially the large 
posterior teeth of the lower jaw (fig. 31, h, h), are attached by means 
of elastic ligaments to the margins of slightly elevated alveolar pro- 
cesses. These ligaments (fig. 31, c, c) are principally inserted into 
the inner straight margin of the base of the tooth, from which their 
glistening fasciculi radiate to be implanted into the jaw. The rest 
of the base of the tooth is connected at its circumference with more 
lax and yielding fibrous bands, and with the mucous membrane of 
the mouth, which covers the alveolar tract in the interspaces of the 
teeth. To any attempt to bend these teeth outwards resistance is 
offered by the internal ligaments above described, and by the pres- 
sure of the anterior angle at the base of the tooth against the 
alveolar processes or raised tubercle on which it rests ; but the tooth 
readily yields to a force acting in the opposite direction, and the 
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Section of Mandible and Teeth of the Angler (^Lophitis piscatorius). 


Lophius. 


All the teeth are anchylosed to more or less developed alveolar 
eminences, but a narrow line of demarcation is long discernible 
(as at 2, fig. 30). From the enormous development of the muscles 



Fig. 30. 

Section of Lower Jaw and Teeth of Anarhicas lupus, half nat. size. 


of the jaws, and the strength of the shells which are cracked and 
crushed by the teeth, their fracture and displacement must obviously 
be no unfrequent occurrence ; and most specimens of the jaws of 
the wolf-fish exhibit some of the teeth either separated at this line 
of imperfect anchylosis, or, more rarely, broken off above the base, 
or, still more rarely, detached by fracture of the supporting osseous 
alveolar process. 

The angler (Lophius piscatorius) has teeth on the premaxillary, 
premandihular, palatine, vomerine, and pharyngeal bones. They 
are of an elongated, conical, sharp-pointed, and slightly incurved 
form, presenting merely difference of size, degree of curvature, 
and mode of fixation, hut all bespeaking the predatory and carni- 
vorous habits of the species. In the upper jaw, the teeth are 
congregated in three or four irregular rows at the median or upper 
third part of each premaxillary bone, and form a single and regular 
series along the lower two-thirds of the same bone. These latter, 
which may be termed the serial teeth, are from fifteen to eighteen 
in number 5 they are short, strong, pointed, and incurved, of nearly 
equal size, and placed at regular distances from each other. The 
two outer irregular rows of the median intermaxillary teeth are 
somewhat larger, and are directed forwards. The inner rows at 
this part contain the longest teeth, and their points are turned 
back; but they are movably connected with the bone by a me- 
chanism which will be described .when treating of those of the 
lower jaw. The superior pharyngeal teeth are arranged in three 
groups upon as many separate bones on each side ; each group 
describes a curve, with the convexity turned forwards. The teeth 
of the posterior bone are the smallest. The inferior pharyngeal 
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largest and most prominent teeth can be bent inwards and back- 
wards (as at c, fig. 31), so as to point to the gullet when the hand 
is pressed over them in the direction a body would take when 
drawn into the mouth to be swallowed. The moment, however, 
this force ceases to act, the teeth recoil to their erect position, as 
shown by the dotted outline in fig. 31) as if operated on by a 
spring. If everything attached to the base of the tooth, excepting 
the internal pyramidal band of ligamentous fibres, be removed, the 
tooth, after being bent down, returns with the same force to the 
erect position; it is therefore to this band that its resilience is 
due. 

The cyprinoid fishes, properly so called, which are typified by Oyprinidae. 
the carp and loach, respectively representing the genera Cyprinus 
and Cohitis, have the jaws completely deprived of teeth. The 
inferior pharyngeals, or throat-bones, are armed with one or more 
rows of teeth, which are flattened, conical, or curved, according to 
the species. These are succeeded by teeth at the external, as the 
old are shed from the internal, surface of those bones. They work 
against each other, and upon the very hard callous or calcified 
plate which is fixed in a depression on the inferior surface of the 
basi-occLpital bone. The omnivorous barbels (Barhus and Laheo- 
barhus) have three rows of pharyngeal teeth, which are weaker in the 
latter genus. In Acanthopsis the pharyngeal teeth are sharp-pointed, 
and are placed in a single row. In the loaches (Cohitis), which feed 
on worms and aquatic insects, the pharyngeals are attenuated, with 
chisel-shaped extremities. In the gudgeons (Gobio), which feed on 
worms, aquatic larvae, and small molluscous animals, with their ova 
or fry, the pharyngeal teeth are conical, slightly curved at the 
extremity, and arranged in two rows. In the carp ( Cyprinus Carpio), 
which feeds on the soft part of aquatic plants, larvae of insects and 
worms, the pharyngeal teeth have broad, flat-ridged crowns, like 
the molars of herbivorous quadrupeds. 

In the globe-fishes (JDiodon), the lamellated structure of the tooth, Dioflon. 
and its reproduction by successive transudation of layers from a 
persistent pulp, were supposed to be clearly demonstrated in the 
broad rounded triturating tubercule which is situated behind the 
alveolar border of the upper and lower jaw. The exposed surface 
of this tooth presents, in fact, a series of transverse and parallel 
strise, which in a vertical section (fig. 32) are seen to be the mar- 
gins of thin, superimposed, horizontal, and slightly flexuous plates 
a, b, which have been partially abraded by trituration in an oblique 
plane. The superior layers are the most worn ; in proportion as 
they descend, in the lower jaw, they increase in breadth, and fin- 
ally, instead of being soldered together, they become detached, thin- 
ner, and of a more friable texture ; the lowest and incompletely de- 
veloped plates lying loosely in the cavity of the jaw, beneath the 
superincumbent mass (as at a, fig. 32). If a vertical section of the 
dental tubercle be made on one side of the median plane, the 

3 H 



426 


ODONTOLOGY. 



Fig. 32. 

Section of Jaw and Dental Mass of a Globe-fish 
(Z>iodon). 


Teeth of laminae are seen to he developed in two distinct la ’ 

Fishes, which become anchylosed together by means of a thin m 
V ^ tical osseous partition 

at their median mar- 
gins; their lateral mar- 
gins are similarly an- 
chylosed to the outer 
walls of the denti- 
gerous cavity. The 
laminae are developed 
successively ; and in 
proportion as the an- 
terior ones are worn 
away, the posterior ^ 
ones appear in readi- 
ness to replace them . ■ - 
so that the due num- 
ber of ridges on the 
triturating surface is 
always maintained. 

To examine the struc- 
ture of the lamelliform 
denticles, it is neces- 
sary to make extremely thin sections in a direction vertical to their 
plane. Each plane then exhibits, instead of an amorphous or sub- 
crystalline mass of excreted calcareous matter, a series of extremely 
minute dentinal tubes, occupying its whole extent, and having a 
general direction vertical to its plane. The tubes are obviously wider 
at the lower side of the plate, and gradually disappear in the clear 
and dense substance at the opposite surface. When the thinnest 
and most transparent parts of the same section are examined with 
a compound lens of ^-inch focus, the horizontal partitions which 
occupy the interspaces of the lamelliform teeth are seen to consist 
of a coarse cellular osseous texture, without any radiating cells, but 
similar to the texture of the rest of the endo-skeleton of the Diodon, 
The main tubes of the dental plate are continued immediately from 
the cells of the osseous septum ; they proceed for a short distance 
vertically, or with a slight curvature, in the substance of the dental 
plate, and then quickly divide and subdivide, the branches gene- 
rally coming off at an angle of 45°, being slightly bent, crossing 
each other in an inextricable manner, and terminating ultimately 
in the clear matrix of the upper surface of the dental plate. By the 
time that calcification has begun in one pulp, a second has been 
developed beneath it, and it is the portion of the pulp solidified 
which gives rise, in the macerated and dried jaws, to the loose and 
thin lamellas in the dental cavity. These lamellae become fixed by 
means of the coarser calcification or ossification which subsequently 
takes place in the remains of the pulp ; and their margins are thus 
anchylosed to the surrounding bones in a manner analogous to the 
fixation of the base of the ordinary shaped teeth in other fishes.^ 
Scaros. Genus Scarus. — The dense tesselated covering of the beak-like 
jaws (fig. 33} of the parrot-fishes (Scarus) consists of a stratum of 



The irritable bodies of the gelatinous polypes, which constitute 
the food of these fishes, retract, when touched, into their star-shaped 
stony shells; and the Scari consequently require a dental apparatus 
strong enough to break off or scoop out these calcareous recesses. 
The jaws are therefore prominent, short, and stout ; and the ex- 
posed portions of the premaxillaries and premandibulars are en- 
cased by the complicated dental covering represented in figs. 33 
and 34. The polypes and their cells are reduced to a pulp by the 


Fig-. S3. 

Premaxillary Bone and Teeth of a Parrot-fish (Scarus muricatue). 
prismatic denticles (fig. 34, a), standing almost vertically to the 
external surface of the jaw-bone, the square tuberculate ends of 
which appear externally wedged close together, like the blocks in 
wood-pavement. This peculiar armature of the jaws is well adapted 
to the habits and exigences of a tribe of fishes which browse upon 
the hthophytes that clothe, as with a richly-tinted carpet, the bot- 
^fth^ d ^^1*^^^ ruminant quadrupeds crop the herbage 



Fig. 34. 

Section of Premandibular Bone and Teeth of Parrot-fish (Seao^ murioatus). 

action of the pharyngeal jaws and teeth (fig. 35) that close the pos- 
terior aperture of the mouth. 

The typical Scari have both upper 
and lower pharyngeal bones paved 
with strong, thick lamelliform teeth, 
set vertically and transversely in the 
opposed surfaces of these bones. It 
is the posterior pair of the upper 
pharyngeals (fig. 35) which are thus 
armed. The lower pharyngeal bone 
is single. 

The superior dentigerous pharyn- 
geals present each the form of an 
elongated vertical inequilateral tri- 
angular plate; the upper and pos- 
terior margin is sharp and concave ; 
the upper and anterior margin forms 
a thickened articular surface, convex 
from side to side, and playing in a 
corresponding groove or concavity 
upon the base of the skull ; the in- 
ferior boundary of the triangle is the 
longest, and also the broadest ; it is 
convex in the antero-posterior direc- 
tion, and flat from side to side. It is 
on this surface that the teeth are 
implanted ; and in most species they 
form two rows, the outer one con- 
sisting of very small teeth (fig. 35, 

a), the inner one of large teeth b. Upper Pharyngeal Bones and 
These present the form of compressed of a Parrot-tiah (Scarus 

conical plates or wedges, with the ”^^*'*®®*“*)* 
basis excavated and the opposite margin moderately sharp, and 
slightly convex to near the inner angle, which is produced into a 
point. These plates are set nearly transversely across the lower 
surface of the pharyngeal bone, and are produced beyond the margin 
of the bone, and interlock with those of the adjoining bone when 
the pharyngeals are in their natural position. The smaller denticles 
of the outer row are set in the external interspaces of those of the 
inner row. 

^ The dentine of the pharyngeal teeth of the Scarus consists of den- 
tinal tubes and a clear intermediate substance. The tubes average 
a diameter of of an inch, and are separated by interspaces 

equal to twice their own diameter ; and these tubes, on leaving the 
pulp-cavity, form a curve with the convexity turned towards the 
base of the tooth, and then bend slightly in the opposite direction ; 
the sigmoid curve being most marked in the tubes at the base of 
the denticles, whilst those towards the apex become longer and 



For other details of the gymnodont dentition, see AnnaUe des Sciences NdtureUes, 2de serie, tom. xii., p. 347. 
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Teeth of straighter. Besides the primary curvatures exemplified in the 
Fishes figure, each dentinal tube is minutely undulated ; it dichotomizes 
V ^ ) three or four times near its termination, sends off many fine lateral 
branches into the clear uniting substance, and finally terminates 
in a series of minute cells and inosculating loops, at the line of 
junction with the enamel. 

This substance is as thick as the dentine, and consists of a similar 
combination of minute tubes and a clear connecting shbstance. 
The tubes may be described as commencing from the peripheral 
surface of the tooth, to wliich they stand at right angles; and 
having proceeded parallel to each other half-way towards the 
dentine, they then begin to divide and subdivide, the branches 
crossing each other obliquely, and finally terminating in the cellu- 
lar boundary between the enamel and dentine. 

The teeth which present this complex structure are successively 
developed at one extremity of the bone in proportion as they are 
worn away at the other — not, however, as Cuvier describes, from 
behind forwards in both upper and lower pharyngeal bones, but in 
opposite directions in the opposite bones, the course of succession 
being from before backwards in the upper, and from behind for- 
wards in the lower pharyngeal bones. In the progress of the 
attrition to which they are subjected, the thin coat of cement re- 
sulting from the ossification of the capsule is first removed from the 
apex of the tooth, then the enamel constituting that apex, next the 
dentine, and finally the coarse central cellular bone supporting 
the hollow wedge-shaped tooth ; and thus is produced a triturating 
surface of four different substances of different degrees of density. 
The enamel, being the densest element, appears in the form of 
elliptical transverse ridges inclosing the dentine and central bone ; 
and external to the enamel is the cement which binds together the 
different denticles. 

The single inferior pharyngeal bone consists principally of an 
oblong dentigerous plate. Its breadth somewhat exceeds that of 
the conjoined dentigerous surfaces of the pharyngeals above ; and 
it is gently hollowed, to correspond with their convexity. This 
dentigerous plate is principally supported by a strong, slightly 
curved, transverse, osseous bar, the extremities of which expand 
into thick obtuse processes for the implantation of the triturating 
muscles. A longitudinal crest is continued downwards and for- 
wards from the middle line of the inferior pharyngeal plate, ante- 
rior to the transverse bar, to which the protractor muscles are 
attached. 

A longitudinal row of small oval teeth, alternating with the large 
lamelliform teeth, like those of the superior pharyngeals, bounds 
the dentigerous plate on each side. The intermediate space is oc- 
cupied exclusively by the larger lamelliform or wedge-shaped 
teeth, set vertically in the bone, and arranged transversely in 
alternate and pretty close-set rows. 

There is a close analogy between the dental mass of the Scarus 
and the complicated grinders of the elephant, both in form, struc- 
ture, and in the reproduction of the component denticles in hori- 
zontal succession. But in the fish the complexity of the triturating 
surface is greater than in the mammal, since, from the mode in 
which the wedge-shaped denticles of the Scarus are implanted upon, 
and anchylosed to, the processes of the supporting bone, this like- 
wise enters into the formation of the masticatory surface when the 
tooth is worn down to a certain point. 

The proof of the efficacy of the complex masticatory apparatus 
above described is afforded by the contents of the alimentary canal 
of the Scari, Mr Charles Darwin, the accomplished naturalist and 
geologist, who accompanied Captain Fitzroy, R.N., in the circum- 
navlgatory voyage of the Beagle, dissected several parrot-fishes 
soon after they were caught, and found the intestines laden with 
nearly pure chalk, such being the nature of their excrements; 
whence he ranks these fishes among the geological agents to which 
is assigned the office of converting the skeletons of the lithophytes 
into chalk. 

Sphyrmna, Genus SPHYil.®NA. — The most formidable dentition in the order 

of osseous fishes is that which characterizes the Barracuda sea-pikes 
(SphyrcBna), and some extinct fishes allied to this predatory genus. 
In the great Barracuda of the southern shores of the United States 
(Sphyrcena larracuda, Cuv.), the lower jaw contains a single row 
of large, compressed, conical, sharp-pointed, and sharp-edged teeth, 
resembling the blades of lancets, but stronger at the base. The 
two anterior of these teeth are twice as long as the rest ; but the 
posterior and serial teeth gradually increase in size towards the 
back part of the jaw. There are about twenty-four of these piercing 
and cutting teeth in each premandibular bone. They are opposed 
to a double row of similar teeth in the upper jaw, and fit into the 
interspace of these two rows when the mouth is closed. The outer- 
most row is situated on the premaxillary, the innermost on the 
palatine bones. There are no teeth on the vomer or superior max- 
illary bones. The two anterior teeth in each premaxillary bone 
equal the opposite pair in the lower jaw in size; the posterior pre- 


maxillary teeth are serial, numerous, and of small size ; the second Teeth of 
of the two anterior large premaxilliary teeth is placed on the inner Fishes, 
side of the commencement of the row of small teeth, and is a little 
inclined backwards. The retaining power of all the large anterior 
teeth is increased by a slight posterior projection, similar to the 
barb of a fish-hook, but smaller. The palatine bones contain each 
nine or ten lancet-shaped teeth, somewhat larger than the posterior 
ones of the lower jaw. All these teeth afford good examples of the 
mode of attachment by implantation in sockets, which is a rare one 
in the class of fishes. 

The base or fang of the fully- developed tooth of the Sphyrcena 
is anchylosed to the parietes of the socket in which it is inserted. 

The pressure of the crown of the new tooth excites absorption of 
the inner side of the base of the old, which thus finally loses the 
requisite strength of attachment, and its loss is followed by the 
absorption of the old socket, as in the higher animals. 

It is interesting to observe that the external teeth are in general 
contemporaneously shed, so that the maxillary armour is always 
preserved in an effective state. The relative position of the new 
teeth to their predecessors, and their influence upon them, resembles 
some of the phenomena which will be described in the dentition of 
the crocodilian reptiles. To the crocodiles the present voracious 
fish also approximates in the alveolar lodgment of the teeth ; but 
it manifests its ichthyic character in the anchylosis of the fully- 
developed teeth to their sockets, and still more strikingly in the 
intimate structure of the teeth. The loss or injury to which these 
destructive weapons are liable in the conflict which the Sphyrcena 
wages with its living and struggling prey is repaired by an unin- 
terrupted succession of new pulps and teeth. The existence of these 
is indicated by the foramina, which are situated immediately pos- 
terior to, or on the inner margins of, the sockets of the teeth in 
place. These foramina lead to alveoli of reserve, in which the 
crowns of the new teeth, in different stages of development, are 
loosely imbedded. It is in this position of the germs of the teeth 
that the sphyraenoid fishes, both recent and fossil, mainly differ as 
to their dental characters from the rest of the scomberoid family, 
and proportionally approach the sauroid type. 

In all fishes the teeth are shed and renewed, not once only, as in 
mammals, but frequently during the whole course of their lives. 

The maxillary dental plates of Lepidoszren, the cylindrical dental 
masses of the chimseroid and edaphodoiit fishes, and. the rostral 
teeth of the FHstis (if these modified dermal spines may be so 
called), are perhaps the sole examples of permanent teeth to be met 
with in the whole class. In the great majority of fishes the germs 
of the new teeth are developed, like those of the old, from the free 
surface of the buccal membrane throughout the entire period of 
succession; a circumstance peculiar to the present class. The 
angler, the pike, and most of our common fishes, illustrate this 
mode of dental reproduction; it is very conspicuous in the car- 
tilaginous fishes, in which the whole phalanx of their numerous 
teeth is ever marching slowly forwards in rotatory progress 
over the alveolar border of the jaw ; the teeth being successively 
cast off as they reach the outer margin, whilst the new teeth rise 
from the mucous membrane behind the rear rank of the phalanx, 

This endless succession and decadence of the teeth, together with 
the vast numbers in which they often co-exist in the same fish, illus- 
trate the law of “vegetative” or “irrelative repetition,” as it 
manifests itself on the first introduction of new organs in the animal 
kingdom; under which light we must view the above- described 
organized and calcified preparatory instruments of digestion in the 
lowest class of the vertebrate series. 

At the extreme limit of the class of fishes, and connecting that Lepidosi- 
class with the reptiles, stands the very remarkable genus, the dental ren. 
system of which is shown in fig. 36, This consists of two small, 



JFig. 86. 

SkuU and Teeth of the Lepidosirefn anneeteus, 

slender, conical, sharp-pointed, and slightly recurved teeth, which 
project downward from the nasal bone a, and of strong trenchant 
dental plates, anchylosed with the alveolar border of the upper (6) 
and lower (c) jaw, in each of which the plate is divided at the 
middle or symphysial line, so as to form two distinct lateral teeth. 
The office of the two lauiariform teeth is to pierqe and retain the 
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nutritive substance or prey, which is afterwards divided and com- 
minuted by the strong maxillary dental plates. The upper pair of 
these plates is supported by the anterior part of a strong arch of 
bone, which combines the character of the superior maxillary, pala- 
tine, and pterygoid bones. The superior maxillary is represented 
by the median and anterior bar, passing in front of the dental plate 
of the lower jaw when the mouth is shut, and terminating on each 
side in a process which projects outwards and backwards on each 
side of the anterior part of the arch ; the palatine portion consti- 
tutes the median part of the roof of the mouth behind the foregoing. 
The pterygoid portion is indicated by its fulfilling the usual func- 
tion of an abutment extended between the palatine portion of the 
upper jaw and the articular pedicle of the lower jaw. The upper 
dental plates are confined to the first two parts of the arch 
(maxillary and palatine), and do not extend upon the pterygoid 
portion; the lower dental plates are ancbylosed to the preman- 
dibular bone. Viewing the upper pair of plates as a single tooth, 
it may be described as indented at its outer surface by five vertical 
angular notches, penetrating inwards through half the breadth of 
the supporting bone, and dividing the plate into six angular pro- 
cesses, which, from the direction and varying form and breadth of 
the entering notches, radiate from the posterior part of the median 
line or division of the tooth. The inferior dental plate is similarly 
notched on its outer side, but the proportions of the angular inden- 
tations are such that they receive all the processes of the upper 
dental plate when the mouth is shut, whilst only the four anterior 
processes are reciprocally received into the notches of the upper 
dental plate. The dental plate consists, as in the cod and Sphyramay 
of a central mass of coarse osseous substance traversed by large 
and nearly parallel medullary canals, and an external sheath of 
very hard ** vitrodentine.” 

The labyrinthic structure of the teeth of the bony gar-fish of the 
North American lakes and rivers {Ltpidosttui) has been already 
alluded to in the introductory generalization on dental tissues. 
The still more complex structure of the fossil teeth of the extinct 
Dendrodonts (fig. 14) is there more fully described. As compared 
with the vasodentine (fig. 7) of the sharks and of many existing 
osseous fishes, the dental tissue of the Dendrodonts differs in both 
the extent and regularity of the radiating medullary canals, and 
more especially in the straight course of the fine dentinal tubes. 

Both the foregoing genera of fishes have been termed “ sauroid,’’ 
but are more truly salamandroid,’’ and approach, like the Lepi- 
dosiren, most closely to the lower confines of the reptilian class ; 
and as this existing annectant genus is allied to the perennibran- 
chiate Batrachians, so the Dendrodus may have linked some extinct 
group of the class of fishes with the equally extinct family of 
sauroid Batrachians which have been termed Labyrinthodonts.” 


Sect. IL— TEETH OF REPTILES. 

In the class Reptilia, the whole order of Chelonia is 
edentulous, as well as the family of toads {BufonidcB)^ in the 
order Batrachia ; certain extinct genera of Saurians were 
edentulous, e,g,y the remarkable Rhynchosaurus of the New 
Red Sandstone of Shropshire, and some of the extinct 
Saurians of South Africa, 

In the tortoises and turtles, the jaws are covered by a 
sheath of horn, which in some species is of considerable 
thickness, and very dense ; its working surface is trenchant 
in the carnivorous species, but variously sculptured, and 
adapted for both cutting and bruising, in the vegetable 
feeders ; it may be said that the transitory condition of the 
mandibles of the batrachian larvae is here persistent. The 
development of the continuous horny maxillary sheath 
commences, as in the parrot tribe, from a series of distinct 
papillae, which sink into alveolar cavities, regularly arranged 
(in Trionyx) along the margins of the upper and lower 
jaw-bones ; these alveoli are indicated by the persistence 
of vascular canals long after the originally separate tooth- 
like cones have become confluent and the horny sheath 
completed. The teeth of the dentigerous saurian, ophidian, 
and batrachian^ reptiles are for the most part simple, and 
adapted for seizing and holding, but not for dividing or 
masticating their food. The siren alone combines true 


teeth with a horny maxillary trenchant sheath, like that of Teeth of 
the chelonian reptiles. Keptiles. 

With respect to number^ in no existing reptiles are the 
teeth reduced so low as in certain mammals and Ashes ; Number, 
nor, on the other hand, are they ever so multiplied as in 
many of the latter class. The extinct dicynodont reptiles 
of South Africa had but two teeth, which were long tusks 
implanted in the upper jaw (fig. 44).^ Some species of 
Amphishcma (A, alba), with fifteen teeth in the upper jaw 
and fourteen in the lower, afford examples of the smallest 
number of teeth amongst existing reptiles; and certain 
Batrachians, with teeth ‘^en cardes” at the roof of the 
mouth, or which have upwards of eighty teeth in each 
lateral maxillary series, present the largest number. It is 
rarely that the number of the teeth is fixed and determinate 
in any reptile, so as to be characteristic of the species ; and 
still more rarely have the individual teeth such characters 
as to be determined homologically from one species to 


another. 

The teeth of reptiles, with few exceptions, present a Form, 
simple conical form, with the crown more or less curved, 
and the apex more or less acute. The cone varies in 
length and thickness; its transverse section is sometimes 
circular, but more commonly elliptical or oval, and this 
modification of the cone may be traced through every 
gradation, from the thick, round, canine-like tooth of the 
crocodile, to the sabre-shaped fkng of the Varanus, the 
Megalosaur, and Cladeiodon.® Sometimes, as in the fiilly- 
formed teeth of the Megalosaur, one of the margins of the 
compressed crown of the tooth is trenchant, sometimes both 
are so ; and these may be simply sharp-edged, as in the 
Varanus of Fimor, or finely serrated, as in the great 
Varanus, the Cladeiodon, and the Megalosaur.® 

The outer surface of the crown of the tooth is usually 
smooth : it may be polished, as in the Leiodon ; or impressed 
with fine lines, as in the Labyrinthodon (fig. 11) ; or raised 
into many narrow ridges, as in the Pleiosaur and Polypty- 
chodon; or broken by a few broad ridges, as in the Iguano- 
don (fig. 42) ; or grooved by a single longitudinal furrow, 
as in some lizards and serpents (fig. 38).* 

The cone is longest, and its summit sharpest, in the 
serpent ; from these may be traced, chiefly in the lizard 
tribe, a progressive shortening, expansion of the base, 
and ^blunting of the apex of the tooth, until the cone is 
reduced to a hemispherical tubercle or plate, as in the 
Thorictes and Cyclodus. The extinct Placodics w^as 
remarkable for the great size of its fiat crushing teeth ; in 
one species {PL laticeps) the diameter of the crown of the 
last palatal tooth is one inch four lines, the length of the 
skull being eight inches: this is the largest proportional 
grinding-tooth in the animal kingdom. In the Pleiosaur, 
the dental cone is three-sided, with one of the angles 
rounded off. The posterior subcompressed teeth of the 
alligator (fig. 46) present a new modification of form ; here 
they terminate in a mammillate summ^it, supported by a 
slightly constricted neck. In the tooth* of the Hyloeosaur 
the expanded summit is flattened, bent, and spear-shaped, 
with the edges blunted. But the breadth of the compressed 
crown is greatest in the subcompressed teeth of the extinct 
Cardiodon and the existing Iguanas, the teeth of which 
latter reptiles are further complicated by having the margins 
notched. The great Iguanodon had the crown of the 
tooth expanded both in length and breadth, and combined 
marginal dentations with longitudinal ridges; this tooth 
(fig. 42 ) presents the most complicated external form as 
yet discovered in the class of reptiles. In no reptiles does 
the base of the tooth ever branch into fangs. 

With respect to sitvxition, the teeth may be present on Situation, 


a o/ tAe Geological Society, 2d series, vol. vii., p. 59. 

^ Ibia., fig. 60, 


2 Odontography, pi. Ixii. A, fig, 4. 
* Ibid., pi, Ixv. 
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Teeth of the jaws only, — viz., the maxillary, premaxillary, and man- 

Keptiles, dibular bones, as in the crocodiles, and many* lizards ; or 
upon the jaws and roof of the mouth ; and here, either 
upon the pterygoid bones, as in the Iguana and Mosasaur ; 

- or upon both palatine and pterygoid bones, as in most 

serpents ; or upon the vomer, as in most Batrachians ; or 
upon both vomerine and pterygoid bones, as in the Axolotl; 
or upon the vomerine and phenoid bones, as in the Sala- 
mcmdra glvtinosa^ Maclure. With respect to the marginal 
or jaw teeth, these may be absent in the premaxillary 
bones, as in many serpents ; or they may be present in the 
upper and not in the lower jaw, as in most frogs ; or in 
both upper and lower jaws, as in the tailed Batrachians ; 
and among these they may be supported, upon the lower 
jaw, by the premandibular or dentary piece, as in the 
Salamander, Menopome, Amphiume, Proteus ; or upon the 
splenial piece, ^ as in the Siren ; or upon both the splenial 
and premandibular bones, as in the Axolotl. The palatine 
and pterygoid teeth may, in the Batrachians, be arranged 
in several rows, like the “ dents en cardes’’ of fishes. The 
sphenoid and splenial teeth are always so arranged in the 
few species that possess them. The premaxillary, maxillary, 
and premandibular teeth are uniserial, or in one row, with 
the exception of the Ccecilia^ and the extinct Labyrintho- 
donts, which have a double row ot teeth at the anterior part 
of the lower jaw. 

Attach- As a general rule, the teeth of reptiles are anchylosed to 

meat. the bone which supports them ; when they continue dis- 
tinct, they may be lodged either in a continuous groove, 
as in the Ichthyosaurs,^ or in separate sockets, as in the 
Plesiosaurs and crocodiles (fig. 46). 

The base of the tootli is anchylosed to the walls of a 
moderately deep socket in the extinct Megalosaur and 
Theocodon. In the Labyrinthodonts and Caeciliae, among 
the Batrachians, in most Ophidians, — and in the Geckos, 
Agamians, and Varanians, among the Saurians, — the base of 
the tooth is imbedded in a shallow socket, and is confluent 
therewith. In the Scincoidians, the safeguards {Tejus) in 
most Iguanians, in the Chameleons, and most other lacer- 
tian reptiles, the tooth is anchylosed by an oblique surface, 
extending from the base, more or less, upon the outer side 
of the crown, to an external alveolar plate of bone,® the inner 
alveolar plate not being developed. In the frogs, the teeth 
are similarly but less firmly attached to an external parapet 
of bone. The lizards, which have their teeth tlius attached 
to the side of the jaw, are termed “ Pleurodont.’* In a few 
Iguanians, as the Istiures, the teeth appear to be soldered 
to the margins of the jaws; these have been termed 
“ Acrodonts.” In some large extinct Lacertians, — c.^., the 
Mosasaur and Leiodon, — the tooth is fixed upon a raised 
conical process of bone, as shown in the author’s “ Odon- 
tography,” plate 68, fig. 1 ; and plate 72, fig. 2. 

These modifications of the attachment of the teeth of 
reptiles are closely adapted to the destined application of 
those instruments, and relate to the habits and food of the 
species : we may likewise perceive that they offer a close 
analogy to some of the transitory conditions of the human 
teeth. There is a period, for example,* when the primi- 
tive dental papillae are not defended by either an outer or 
an inner alveolar process, any more than their calcified 
homologues, which are confluent with the margin of the 
jaw in the Rhynchocephalus.® There is another stage,® in 
which the groove containing the dental germs is defended 
by a single external cartilaginous alveolar ridge ; this con- 
dition is permanently typified in the Cyclodus, and most 
existing lizards (fig. 41). Next, there is developed in the 
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human embryo an internal alveolar plate, and the sacs and Teeth of 
pulps of the teeth sink into a deep but continuous groove, Reptiles, 
in which traces of transverse partitions soon make their 
appearance : in the ancient Ichthyosaur the relation of the 
jaws to the teeth never advance beyond this stage. 

Finally, the dental groove is divided by complete par- 
titions,^ and a separate socket is formed for each tooth ; and 
this stage of development is attained in the highest organized 
reptiles — e.g,, the crocodiles. 

The tissues entering into the composition of reptilian Substance, 
teeth may be four-fold, and a single tooth may be 
composed of dentine, cement, enamel, and bone; but 
the dentine and cement are present in the teeth of 
all reptiles. In the Batrachians and Ophidians a 
thin layer of cement invests the central body of dentine, 
and, as usual, follows any inflections or sinuosities that 
may characterize the dentine. Besides the outer coat 
of cement, which is thickest at the base of the teeth, 
a generally thin coat of enamel defends the crown of the 
tooth in most Saurians, and the last remains of the pulp 
are not unfrequently converted into a coarse bone, both in 
the teeth which are anchylosed to the jaw, and in some 
teeth, as those of the Ichthyosaur, which remain free. 

The only modification of the dentine, which could at all en- 
title it to be regarded in the light of a new or distinct sub- 
stance, is that which is peculiar in the present class to the teeth 
of the Iguanodon, and which will be presently described. 

The varieties of dental structure are few in the rep- Structure, 
tiles, as compared with either fishes or mammals, and 
its most complicated condition arises from interblending 
of the dentinal and other substances, rather than from 
modifications of the tissues themselves. In the teeth of 
most reptiles, the intimate structure of the dentine corres- 
ponds with that which has been described as the type of 
the tissue, — e,g», the hard or unvascular dentine, — and which 
is the prevailing modification in mammals, viz., — the radiation 
of a system of minute plasmatic tubes from a single pulp- 
cavity, at right angles to the external surface of the tooth. 

The most essential modification of this structure is the 
intermingling of cylindrical processes of the pulp-cavity in 
the form of medullary canals, with the finer tubular struc- 
ture.® Another modification is that in which the dentine 
maintains its normal structure, but is folded inwardly upon 
itself, so as to produce a deep longitudinal indentation on 
one side of the tooth. It is the expansion of the bottom of 
such a longitudinal deep fold that forms the central canal 
of the venom-fang of the serpent ; but a glance at fig. 39 
will show that, notwithstanding the singularly modified dis- 
position of the dentine (6), its structure remains unaltered ; 
and although the pulp-cavity (jp) is reduced to the form of 
a crescentic fissure, the dentinal tubes continue to radiate 
from it according to the usual law. By a similar inflection 
of many vertical longitudinal folds of the external cement 
and external surface of the tooth, at regular intervals around 
the entire circumference of the tooth, and by a correspond- 
ing extension of radiated processes of the pulp-cavity and 
dentine into the interspaces of such inflected and converg- 
ing folds, a modification of dental structure is established 
in certain extinct reptiles, which, by the various sinuosities of 
the interblended folds of cement, and processes of dentine, 
with the partial dilations of the radiated pulp-cavity, pro- 
duces the complicated structure, which has been described 
at page 412, and figured in cut 12. But this complication 
is, nevertlieless, referable to a modification of form or 
arrangement of the dental tissues, rather than of their 
number in the same tooth: the dentinal tubes in each 


1 Opercular bone ” of Cuvier (in reptiles). 2 Odontography, pi. xiii., fig. 9. ® Ibid., pi. Ixvii. 

^ At the sixth week of gestation. See Prof, Goodsir “ On the Development of the Human Teeth,” JSdinhurgh Medical and Surgical 
Journal, Ho. 138. 6 geological {transactions, 2d Series, vol. vii,, pt. ii., pi. vi., figs. 5 and 6, p. 83. 

® At the seventh or eighth week. (Ibid.) ^ At the sixth month. (Ibid.) ^ Odontography, pi. Ixxi,, “ Iguanodon.” 
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sinuous lobe of dentine in the most complex tooth of the 
Labvrinthodon exhibit the same general disposition and 
course as in the fang of the serpent, and in the still moie 
simple tooth of the Saurian. . . • 

The teeth of reptiles are never completed, as in certain 
fishes, at the first or papillary stage ; the pulp in all sinks 
into a follicle, and becomes inclosed by a capsule ; m cer- 
tain reptiles this becomes more or less surrounded by bone ; 
but in the existing species the process of development never 
offers die eruptive stage, in the sense in which this is 
usually understood, as signifying the extrication^ of the 
young tooth from a closed alveolus. The completion of a 
tooth, with the exception of the extinct dicynodont rep- 
tiles, is soon followed by preparation for its removal and 
succession : the faculty of developing new tooth-germs seems 
to be unlimited in the present class, and the phenomena of 
dental decadence and replacement are manifested at every 
period of life. The number of teeth is generally the same 
in each successive series, and the difierence of size pre- 
sented by the teeth of different and distinct series is con- 
siderable. The new germ is always developed, in the first 
instance, at the side of the base of the old tooth, never in 
the cavity of the base : the crocodiles form no exception to 
this rule. The poison-fangs of serpents succeed each other 
from behind forwards : in almost every other instance the 
germ of the successional tooth is developed from the bottom 
and towards the outer side of a small fissure in the mucous 
membrane or gum that fills up the shallow groove at the 
inside of the alveolar parapet and its adherent teeth ; the 
papilla is soon enveloped by a capsular process of the sur- 
rounding membrane ; a small enamel-pulp is developed in 
the matrix opposite the apex of the tooth ; the deposition of 
the earthy salts in this mould is accompanied by ossification 
of the capsule, which afterwards proceeds pari passu with 
the calcification of the dentinal papilla or pulp ; so that, 
with the exception of its base, the surface of the uncalcified 
part of the pulp alone remains normally unadherent to the 
capsule. As the tooth acquires hardness and size, it 
presses against the base of the contiguous attached tooth, 
causes a progressive absorption of that part (fig. 46, a), 
and finally undermines, displaces, and replaces its predeces- 
sor. The number of nascent matrices of the successional 
teeth is so great in the frog, and they are crowded so close 
together, that it is not unusual to find the capsules of con- 
tiguous tooth-germs becoming adherent together as their 
calcification proceeds. After a brief maceration, the soft 
gum maybe stripped from the shallow alveolar depression, 
and the younger tooth-germs in different stages of growth 
are brought away with it. 

The mode of development of the teeth of serpents does 
not differ essentially from that of the teeth of the Batra- 
chians above described, except in the relation of the papillae 
of the successional poison-fangs to the branch of the poison- 
duct that traverses the cavity ot the loose mucous gum in 
which they are developed. 

The variations which the dental system presents in the 
Batrachian order of reptiles are more conspicuous in the 
number, situation, and structure of the teeth, than in their 
form or mode of attachment. 

Certain Batrachians are edentulous, as the genus Ht/la- 
plesitty among the tree frogs, and the Bufonidce, or family of 
toads— some of the species of Bombinator excepted. 

The teeth, when present, are generally numerous, simple, 
of small and equal size, and close-set, either in a single row, 
or aggregated like the teeth of a rasp. 

It is not without interest to observe, that a characteristic 
condition of the dental system in fishes — viz., the absence of 
teeth on the superior maxillary bone, — ^is continued in those 
genera of perennibranchiate Batrachians which stand at the 
lowest steps of the reptilian class. 

In the Siren (Siren lacertina^ Linn.), the lower margin 


of the intermaxillary bones, and the sloping anterior and 
upper margin of the lower jaw, are trenchant, and are each 
incased in a sheath of firm, albuminous, minutely fibrous 
tissue, harder than horn. The bones thus armed slide upon 
each other like the blades of a pair of curved scissors, when 
the mouth is closed, and are well adapted for dividing the 
bodies of small fish, aquatic larvae, worms, &c. The splenial 
or opercular element in the jaw is beset with numerous 
minute pointed teeth, arranged in short oblique rows, and 
directed obliquely backwards. The palatal surface of the 
mouth presents on each side two flat, thin, and moderately 
broad bones, forming an apparently single oblique oval plate, 
which converges to meet its fellow at the anterior part of 
the palate, so as conjointly to constitute a broad rasp-like 
surface in the form of a chevron. The anterior long plate 
on each side of the divided vomer, supports six or seven 
oblique rows of small pointed retroverted teeth ; the smallest 
posterior plate, probably the homologue of the pterygoid, is 
beset with four rows of similar teeth ; there being thus ten 
or eleven rows on each side of the palatal chevron. The 
number of denticles in the middle rows is eleven or twelve ; 
these become fewer in the anterior and posterior rows ; 
they are all of similar size and form, corresponding with 
those of the lower jaw, to which they are opposed. 

The condition of the dental system in this, the lowest ot 
the Batrachia is not without interest, independently of the 
absence of the superior maxillary teeth, and of the presence 
of the palatal and inferior maxillary rasp-teeth (dents en 
cardes). The maxillary sheaths of the Siren being com- 
posed of horn, and being, moreover, easily detached from 
the subjacent bones, closely resemble the deciduous man- 
dibles of the tadpoles of the higher Batrachians. 

The Proteus anguinus, though retaining its external 
gills, offers a further advance to the dental characters of the 
higher Batrachians. The alveolar border of each inter- 
maxillary bone is armed with a row of eight or ten minute 
and fine sharp-pointed teeth ; each premandibular bone 
supports a greater number of similar but larger teeth, like- 
wise arranged in a single row. The vomerine bones sup- 
port a row of denticles, similar, and parallel to, the inter- 
maxillary crescentic series : but the horns of the palatine 
dental crescent are continued much farther back, and ter- 
minate, as in the Menobranckus^ on the anterior part of the 
pterygoid bones ; each half of the crescentic or chevron- 
shaped series contains twenty-four teeth. The superior 
maxillary bones are repre- 
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The Menoporae makes 
a nearer approach to the 
caducibranchiate group, 
and allies itself most closel y 
with the gigantic newt 
of Japan {Sieboldtia^ 
Bonap.), and with that 
equally gigantic extinct 
species of newt so noted 
in Palaeontology, as the 
“ Homo diluvii testis ” of 
Scheuchzer. The single 



close-set series of smalljCraTiiuTnandUpper Jaw and Teeth of the 
equal, conical, and slightly Menopome. {Mmopoma aUeghanniense). 

recurved teeth describes a semicircle on both the 
upper and the lower jaws; in the former the majority 
are supported by true maxillary bones about eight or 
ten on the premaxillaries a. The row of similar but 
smaller teeth on the anterior expanded border of the 
divided vomer c runs parallel with, and at a short distance 
behind, the median part of the maxillary series. The pre- 
mandibular teeth are received into the narrow interspace 
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Teeth of between the two rows in the upper jaw when the mouth is 
Keptiles. closed. The teeth of the Menopome, as of the Amphiume 
are anchylosed by their base and part of the outer side to a 
slightly elevated external alveolar ridge. 

Genus Labyrinthodon. — The dental system in this ex- 
tinct genus is more formidable than in any existing Ba- 
trachian, the teeth being implanted in distinct sockets, and 
a few of the anterior ones developed into large tusks 
(fig. 11). 

A close-set series of subsequent teeth extends along the 
alveolar border of both upper and lower jaws, and along the 
anterior part of the outer margin of each broad vomerine 
bone- Both the division and dentigerous character of this 
bone exemplify the batrachian affinities of the reptiles in 
question. Two or three canine-shaped teeth, at least three 
times the size of the serial teeth, are placed in the pre- 
maxillary bones, also at the anterior and external angle of 
each vomer, at the fore-part of the maxillaries, and behind 
the anterior extremity of the serial teeth of the lower jaw. 
This allocation of teeth in a double row is peculiar, among 
reptiles, to the Cecilia and the present equally aberrant 
form of Batrachian : it is a common dental character in the 
class of fishes. 

But the remarkable characteristic of the teeth of the 
Labyrinthodonts is the complex structure described in 
the general introduction, and illustrated in fig. 12. By 
this character the author, in 1841,^ determined the nature 
of certain fossil teeth which had been found in a member 
of the New Red Sandstone series in Warwickshire, but 
which were of extreme rarity in that formation in England. 
The geological evidence at that period had left it uncer- 
tain whether.tliis light-coloured sandstone was the equivalent 
of the “Keuper” or “Bunter” division of the German 
Trias.® 


Ophidia. 


So far as the geological question depended upon the de- 
termination of the generic identity of the reptilian fossils in 
the English and German formations, it supported the view 
entertained by certain geologists as to the correspondence 
of the Warwick sandstones with the Keuper sandstones of 
Germany. And if, on the one hand, geology has in this 
instance derived any benefit from microscopical investiga- 
tions of animal tissues, on the other hand it must be ad- 
mitted, that in no instance has comparative anatomy been 
more directly indebted to geology than for the fossils, and 
the stimulus to their microscopic investigation, by means of 
which a knowledge has been obtained of the most beautiful 
and complicated modification of dental structure hitherto 
known, and of which no adequate conception could have 
been gained from investigations, however close and exten- 
sive, of the teeth of existing species of animals. 

The order Ophidia^ as it is characterized in the system of Cuvier, 
requires to be divided into two sections, according to the nature of 
the food, and the consequent modification of the jaws and teeth. 
Certain species, which subsist on worms, insects, and other small 
invertebrate animals, have the tympanic pedicle of the lower jaw 
immediately and immovably articulated to the walls of the cra- 
nium. The lateral branches of the lower jaw are fixed together at 
the symphysis, and are opposed by the usual vertical movement to 
a sin»ilarly complete maxillary arch above j these belong to the 
genera Amphisbeena and Anguis of Linnmus, the latter represented 
by our common slow- worm. The rest of the Ophidians, including 
the ordinary serpents and constrictors, which form the typical 
members, and by far the greatest proportion of the order, prey 
upon living animals of frequently much greater , diameter than 
their own ; and the maxillary apparatus is conformably and pecu- 
liarly modified to permit of the requisite distension of the soft 
parts surrounding the mouth, and the transmission of their prey to 
the digestive cavity. 

In the present article the description will be restricted to the 
dental peculiarities of the true serpents. All these subsist on 
animal matter, and swallow their food whole, whether they prey 
on living animals, as is the case in almost every species, or feed on 


the eggs of birds, as in the Deirodon scaler, 0. (Coluber scah&r, Teeth of 
Linn.) Reptiles. 

With the exception of this and some congeneric species, in which ^m~ ^ ^ 

the teeth of the ordinary bones of the mouth are so minute as to 
have been deemed wanting, the maxillary and premandibular bones 
in all true Ophidians are formidably armed with sharp-pointed 
teeth ; there is on each side of the palate a row of similar teeth 
supported by the palatine and pterygoid bones. In the great 
Pythons, and some species of boa, the premaxillary bone also sup- 
ports teeth. All the teeth, whatever be their position, present a 
simple conical form, the cone being long, slender, and terminated 
by an acute apex, and the tooth is either straight, or, more com- 
monly, bent a little beyond the base, or simply recurved, or with a 
slight sigmoid flexure. The teeth are thus adapted for piercing, 
tearing, and holding, and not for dividing or bruising. In some 
species certain teeth are traversed by a longitudinal groove for 
conveying an acrid saliva into the wounds which they inflict^ in 
others, two or more teeth are longitudinally perforated for trans- 
mitting venom ; such teeth are called “ poison-fangs” (fig. 38, h), and 
are always confined to the superior maxillaries, and are generally 
placed near the anterior extremity of those bones. 

In the genus Deirodon^ the teeth of the ordinary bones of the 
mouth are so small as to be scarcely perceptible, and they appear 
to be soon lost 5 so that it has been described as an edentulous ser- 
pent. An acquaintance with the habits and food of this species 
has shown how admirably this apparent defect is adapted to its 
wellbeing. Its business is to restrain the undue increase of the 
smaller birds by devouring their eggs. Now, if the teeth had 
existed of the ordinary form and proportions in the maxillary and 
palatal regions, the egg would have been broken as soon as it was 
seized, and much of its nutritions contents would have escaped 
from the lipless mouth of the snake in the act of deglutition; but, 
owing to the almost edentulous state of the jaws, the egg glides 
along the expanded opening unbroken, and it is not until it has 
reached the gullet, and the closed mouth prevents any escape, of 
the nutritious matter, that the shell is exposed to instruments 
adapted for its perforation. These instruments consist of the in- 
ferior spinous processes of the seven or eight posterior cervical 
vertebrae, the extremities of which are capped by a layer of hard 
cement, and penetrate the dorsal parietes of the oesophagus. They 
may be readily seen, even in very young subjects, in the interior 
of that tube in which their points are directed backwards. The 
shell being sawed open longitudinally by these vertebral teeth, the 
egg is crushed by the contractions of the gullet, and is carried to 
the stomach, where the shell is no doubt soon dissolved by the acid 
gastric juice. 

In the boa-constrictor, the teeth are slender, conical, suddenly 
bent backwards and inwards above their base of attachment, with 
the crown straight or very slightly curved, as in the posterior 
teeth. The premaxillary bone supports four small teeth; each 
superior maxillary bone has eight much larger ones, which gra- 
dually decrease in size as they are placed farther back. There are 
eight or nine teeth of similar size and proportions in each preman- 
dibular bone. These teeth are separated by wide intervals, from 
which other teeth similar to those in place have been detached. 

The base of each of the above teeth is extended transversely, com- 
pressed antero-posteriorly, and anchylosed to a shallow alveolus 
extending obliquely across the shallower alveolar groove. An 
affinity to the lizard tribes is manifested by the greater develop- 
ment of the outer as compared with the inner wall of the alveolar 
furrow. 

The palatine teeth, of which there are three or four in each pa- 
latal bone, are as large as the superior maxillary ones, and are simi* 
larly attached. The pterygoid teeth, five or six in number, which 
complete the internal dental series on the roof of the mouth, are of 
smaller size, and gradually diminish as they recede backwards. 

In the interspaces of the fixed teeth in both these bones, the places 
of attachment of the shed teeth are alwa} s visible, so that the dental 
formula, if it included the vacated with the occupied sockets, would 
express a greater number of teeth than are ever in place and use 
at the same time. In the smaller species of boa, the premaxillary 
bone is edentulous. AIL the teeth ha\ e a lethal perfection of form 
for piercing,' Their direction prevents the escape of the prey in 
which they are once fixed ; while the separate and independent 
movement of each half of both upper and lower jaw, and of the 
dentigerous bones of the palate, allow's of the different series of 
teeth being successively withdrawn and implanted in a more ad- 
vanced position in the victim, which is thus gradually drawn into 
the gullet without the retaining force being unduly relaxed during 
any part of the engulphing process. 

The Colubers, like other true serpents, have two longitudinal 


1 Proceedings of the Geological Society, Jan. 20, 1841, No, xx., p. 267. 


2 Geological Transactions, 2d series, vol. v., p. 345. 
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rows of teeth on the roof of the mouth, extending along the pala- 
tines and pterygoids. The genus Oligodon appears to form the sole 
exception to this rule. In the Drymus nasutus, M. Duvernoy has 
noticed a few small teeth on the transverse hone or external ptery- 
goid, as well as on the internal pterygoid. 

In certain genera of non-venomous serpents, as DryopMs^ Dipsas, 
and BucephaUsj in which the superior maxillary teeth increase in 
size towards the posterior part of the bone, the large terminal teeth 
of the series are traversed along their anterior and convex side by 
a longitudinal groove. In the Bucephalus capensis, the two or three 
posterior maxillary teeth present this structure, and are much 
larger than the anterior teeth, or those of the palatine or preman- 
dibular series ; they add materially, therefore, to the power of re- 
taining the prey, and may conduct into the wounds which they 
inflict an acrid saliva, hut they are not in connection with the 
duct of an express poison-gland. The long grooved fangs are either 
firmly fixed to the maxillary hones, or are slightly moveable, 
according to their period of growth ; they are concealed by a sheath 
of thick and soft gum, and their points are directed backwards. 
The sheath always contains loose recumbent grooved teeth, ready to 
succeed those in place. 

In most of the Colubri each maxillary and premandihular hone 
includes from twenty to twenty-five teeth ; they are less numerous 
in the genera Tortrioi and Somalopsis, and are reduced to a still 
smaller number in the poisonous serpents in the typical genera, of 
which the short maxillary bone supports only a single perforated fang. 

The transition to these serpents, which was begun in the Bucephali 
and allied genera with grooved maxillary teeth, is completed by 
the poisonous serpents of the genera BelamiSt By drop his, Elapsy 
Bungarus, and JSamadryas ^ which latter genus, as its cervical 
integument can be expanded into a hood, constitutes an intermediate 
link between Bungarus and iVaja. 

The superior maxillary bone (fig. 38, 6) diminishes in length with 
the decreasing number of teeth- 
which it supports; the ectoe 
pterygoid hone elongates in ths 
same ratio, so as to retain itt 
position as an abutment agalnsd 
the shortened maxillary, an- 
the muscles implanted into this 
ectopterygoid style communi 
cate, through it, to the maxillary 
bone, the hinge-like movements 
backwards and forwards upon 
the ginglynoid articulations connecting that bone with the anterior 
frontal and palatal bones. As the fully-developed poison-fangs are 
attached by the same firm basal anchylosis to shallow maxillary 
sockets, which forms the characteristic mode of attachment of the 
simple or solid teeth, they necessarily follow all the movements of 
the superior maxillary bone. When the external pterygoid is re- 
tracted, the superior maxillary rotates backwards, and the poison- 
fang is concealed in the lax muqous gum with its point turned 
backwards ; when the muscles draw forward the external ptery- 
goid, the superior maxillary hone is pushed forwards, and the 
recumbent fang withdrawn from its concealment and erected. 

In this power of changing the direction of a large tooth, so that 
it may not impede the passage of food through the mouth, we may 
perceive an analogy between the viper and the Lophius; hut in the 
fish the movement is confined to the tooth alone, and is dependent 
on the mere physical property of the elastic medium of attachment ; 
in the serpent, the tooth has no independent motion, but rotates 
with the jaw, whose movements are governed by muscular actions. 
In the fish, the great teeth are erect, except when pressed down hy 
some extraneous force ; in the serpent, the habitual position of the 
fang is the recumbent one, and its erection takes place only when 
the envenomed blow is to be struck. 

A true idea of the structure of a poison-fang will he formed hy 
supposing the crown of a simple tooth, as that of a boa, to he pressed 
flat, and its edges to be then bent towards each other, and soldered 
together so as to form a hollow cylinder open at both ends. The 
flattening of the fang, and its inflection around the poison-duct, 
commences immediately above the base, and the suture of the in- 
flected margins runs along the anterior and convex side of the 
recurved fang : the poison canal is thus in front of the pulp-cavity. 
The basal aperture of the poison-canal is oblique, and its opposite 
outlet is more so, presenting the form of a narrow elliptical longi- 
tudinal fissure, terminating at a short distance from the apex of 
the fang. 

The character most commonly' adduced from the dental system, 
as distinguishing the venomous from the non-venomous serpents, is, 
that the former have two, the latter four, rows of teeth iu the upper 
jaw, the two outer or maxillary rows being supplied by the single 
poison-fang. The exceptions to this rule are, however, too nume- 
rous for its value as a distinguishing character iu a question of 


such practical moment as the venomous or non-venomous properties 
of a serpent. In all the family of marine serpents the poison-fang 
is only the foremost of a row of fixed maxillary teeth. In the 
Hydrophis striatus^ s.p., there are four teeth, and in the HydropMs 
schistosa there are five teeth behind the venom-fang, of rather 
smaller size than it ; the two-coloured sea-snake (Pelamys hicolor) 
has also five maxillary teeth in addition to the perforated one. 
The poison-fang in this genus is relatively smaller than in the 
venomous serpents of the land, hut presents the same peculiar 
structure, and death has followed the wound it has inflicted. The 
poison-glands occupy the sides of the posterior half of the head: 
each consists of a number of elongated narrow lobes, extending 
from the main duct, which runs along the lower border of the 
gland, upwards and slightly backwards ; each lobe gives off lobules 
throughout its extent, thus presenting a pinnatifid structure ; and 
each lobule is subdivided into .smaller secerning caeca, which con- 
stitute the ultimate structure of the gland. 

The whole gland is surrounded by a double aponeurotic capsule, 
of which the outermost and strongest layer is in connection with 
the muscles hy whose contraction the several caeca and lobes of the 
gland are compressed and emptied of their secretion. This is then 
conveyed hy the duct to the basal aperture of the poison-canal of 
the fang, We may suppose that, as the analogous lacrymal and 
salivary glands in other animals are most active during particular 
emotions, so the rage which stimulates the venom-snake to use its 
deadly weapon must he accompanied with an increased secretion 
and great distension of the poison-glands ; and, as the action of the 
compressing muscles is contemporaneous with the blow by which 
the serpent inflicts its wound, the poison is at the same moment 
injected with force into the wound from the apical outlet of the 
perforated fang. 

The duct which conveys the poison, although it runs through the 
centre of a great part of the tooth, is really on the outside of the 
tooth — the canal iu which it is lodged and protected being formed 
by a longitudinal inflection of the parietes of the pulp-cavity, or 
true internal canal of the tooth. This inflection commences a little 
beyond the base of the tooth, where its nature is readily appre- 
ciated, as the poison-duct there rests in a slight groove or longi- 
tudinal indentation on the convex side of the fang ; as it proceeds, 
it sinks deeper into the substance of the tooth, and the sides of the 
groove meet and seem to coalesce, so that the trace of the inflected 
fold ceases in some species to he perceptible to the naked eye, 
and the fang appears, as it is commonly described, to be perforated 
by the duct in the poison-fang. 

From the real nature of the poison-canal it follows, that the 
transverse section of the tooth varies in form in different parts of 
the tooth* At the base it is oblong, with a large pulp-cavity of a 
corresponding form, with an entering notch at the anterior surface ; 
farther on, the transverse section presents the form of a horse-shoe, 
and the pulp-cavity that of a crescent, the horns of which extend 
into the sides of the deep cavity of the poison-fang; a little be- 
yond this part the section of the tooth is crescentic, with the horns 
obtuse and in contact, so as to circumscribe the poison-canal ; and 
along the ‘whole of the middle four-sixths of the tooth, the section 
shows the dentine of the fang inclosing the poison-cavity, and hav- 
ing its own centre 
• or pulp-cavity p, in 
the form of a cres- 
centic fissure, situ- 
ated close to the 
concave border of 
the inflected sur- 
face of the tooth. 

It is such a section 
of which a magni- 
fied view is given in 
fig. 39. The pulp- 
cavity disappears, 
and the poison-canal 
again assumes the 
form of a groove 
near the apex of the 
fang, and tv/mi- 
nates on the ante- 
rior surface in an 
elongated fissure. 

The venom-fangs 
of the viper, rattle- 
snake, and fer-de-lance are coated only with a thin layer of a 
subtransparent and minutely-cellular cement; the disposition of 
the calcigerous tubes is obedient to the general law of verticality 
to the external surface of the tooth : it is represented, as seen iu a 
transverse section from the middle of the fang, in fig, 39. Since 
the inflected surface of the tooth can be exposed to no other pres- 



Fig. 38. 

Skull and Teeth of the Battlesuake 
(jCrotdlus durissus). 



Fig. 33. 

Transverse Section of the Poison-Fang of a 
Eattlesnake. 
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Teeth of than that’ of the turgescent duct with which it is in contact, 
Beptiles. tubes which proceed to that surface, v, while maintaining their 

V ^ ^ j usual relation of the right angle to it, are extremely short, and the 

layer of dentine separating the poison-tube from the pulp-cavity 
p is proportionably thin. The dentinal tubes that radiate from 
the opposite side of the pulp-cavity to the exposed surface of the 
tooth d are disproportionately long. 

The teeth of all Ophidians are developed and completed in that 
which is the original seat of the tooth-germs in all animals — viz., 
the mucous membrane or gum covering the alveolar border of the 
dentigerous bones. This gum presents the same lax tissue, and is 
as abundantly developed, as in the pike, Lophius, and many other 
hsbes, in which it likewise serves as the nidus and locality for the 
complete development of the teeth. 

The primitive dental papilla in the common harmless snake very 
soon sinks into the substance of the gum, and becomes inclosed by 
a capsule. As soon as the deposition of the calcareous salts com- 
mences in the apex of the papilla, the capsule covering that part 
becomes ossified and adherent to the dentine, and the tooth begins 
to pierce and emerge from the gums before its mould, the pulp, 
is half completed. Fresh layers of cells are successively added to 
the base of the pulp, and converted by their confluence and calci- 
fication into the tubular dentine, until the full size of the tooth is 
attained, when its situation in the gum is gradually changed, and 
its base becomes anchylosed to the shallow cavity of the alveolar 
surface of the bone. 

In the posterior part of the large mucous sheath of the poison- 
fang, the successors of this tooth are always to he found in different 
stages of development : the pulp is at first a simple papilla, and 
when it has sunk into the gum, the succeeding portion presents a 
depression along its inferior surface, as it lies horizontally with 
the apex directed backwards. The capsule adheres to this in- 
fllected surface of the pulp ; and the introduction of the duct of the 
poison-gland is completed by the extension of the borders of the 
inflected pulp around that tube. 

Lacertia. Among the inferior or squamate Saurians (lizards, monitors, igua- 
nas) there are two leading modifications in the mode of attachment 
of the teeth, the base of which may be either anchylosed to the sum- 
mit of an alveolar ridge, or to the bottom of an alveolar groove, 
and supported by its lateral wall ; these modifications are indi- 
cated by the terms “ acrodont” and " pleurodont.’’, A third mode 
of fixation is presented by some extinct Saurians, which in other 
parts of their organization adhere to the squamate or lacertine 
division of the order, — the teeth being implanted in sockets, either 
loosely or confluent with the bony walls of the cavity : these may 
be termed the ** thecodont”^ Lacertians. Most of the ancient 
triassic and permian Saurians belong to this group. 

Varani dae . In the crocodilian monitor-lizard ( Varanu$ crocodilinu &) , the large 

fixed compressed teeth, of which there may be about seven in each 
upper maxillary bone, and six in each premandibular, are anchy- 
losed by the whole of their base, and by an oblique surface leading 
upwards on the outer side of the tooth to a slight depression on the 
oblique alveolar surface, as in the variety called striatus. In this 
monitor the base of the tooth is finely striated, the lines being pro- 
duced by inflected folds of the external cement, as in the Ichthyo- 
saur and Labyrinthodon, but being short and straight, as in those 
of the former genus. 

The alveolar channel or groove has scarcely any depth ; but the 
anchylosed base of the tooth is applied to an oblique surface, ter- 
minating in a sharp edge, from which the outer side of the free 
crown of the tooth is directly continued. The great Varanus, like 
the variegated species, manifests its affinity to the Crocodilians in 
the number of successive teeth which are in progress of growth to 
replace each other ; but from the position in which the germs of 
the successional teeth are developed, the more advanced teeth in 
this species, as in the variety variegatus, do not exhibit the exca- 
vation that characterizes the same parts of the teeth of the Enalio- 
saurs and crocodile. 

Dinosauria. The compressed piercing and trenchant form of tooth which 
.characterizes the varanian lizards was anciently manifested by a 
gigantic extinct Saurian, of which the remains were discovered by 
the late Dr Buckland in the oolitic slate of Stonesfield, near Oxford. 
These remains have been examined by the writer in the geological 
museum of that university. The specimen which is most illustra- 
tive of the dental peculiarities is a portion of the lower jaw with a 
few teeth. The first character which attracts the attention of the 
anatomist in this fossil is the inequality in the height of the outer 
and inner alveolar walls. This assures him of the saurian affinities 
of the gigantic reptile, a similar inequality characterizing the jaws 
of almost all the existing lizards. But in these the oblique groove, 
so bounded, to which the bases of the developed teeth are anchy- 
losed, is much more shallow, and is relatively wider ; and the 


teeth in all the stages of growth are completely exposed when the 
gum has been removed. 

In the great oolitic carnivorous lizard, which its discoverer has 
called Megalosaurusj the greater relative development of the inner 
alveolar wall, as compared with the dentigerous part of the jaw in 
existing Saurians, narrows the dental groove, and covers a greater 
proportion of the bases of the teeth, besides concealing more or less 
completely the germs of their successors. Moreover, instead of the 
mere shallow impressions upon the inner side of the outer alveolar 
plate to which the teeth are attached in modern lizards, there are 
distinct sockets formed by bony partitions connecting the outer 
with the inner alveolar wall in the jaw of the Megalosaurus. 
These partitions rise from the outer side of the inner alveolar 
wall in the form of triangular vertical plates of bone, and from the 
middle of the outer side of each plate a bony partition crosses to 
the outer parapet, completing the alveoli of the fully -formed or 
more advanced teeth; the series of triangular plates forming a kind 
of zig-zag buttress along the inner side of those alveoli. The outer 
parapet rises an inch higher than the inner one. 

Of the fully-developed teeth, only one has been preserved in situ 
in the specimen under description; the others appear rather to 
have slipped out than to have been broken off, the anchyloses of 
the basal capsule of the tooth to the alveolar periosteum being but 
slight, and apparently taking place tardily, in the Megalosaurus. 

Fig. 40 exhibits a portion of another jaw of the Megalosaurus ^ also 
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Fig. 40. 

Section of Jaw with Teeth of the Megalosaurus BueMandi, nat. size, 
from Stonesfield oolite, from which the inner wall has been removed 
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to show the germ of a successional tooth c, about to succeed an old 
tooth a, which has been broken, and near to which is a newly- 
formed tooth coming into place h. These teeth well exemplify the 
shape of the crown of the tooth, which is subcompressed, slightly re- 
curved, sharp-edged, and sharp-pointed, the edges being minutely 
serrated; the edge upon the convex or front border b becomes blunted 
as it descends about two-thirds of the way towards the base of the 
tooth; that upon the concave hinder border cs is continued to the 
base. The lower half of the crown is thicker towards the fore margin 
than towards the hind one; so that a transverse section, like that 
above (a, in fig. 40), gives a narrow oval form pointed behind. At 
the upper half of the crown the sides slope more equally from the 
middle thickest part to both margins, and the section is a narrow 
pointed ellipse. The crown is covered by a smooth and polished 
enamel, which wholly forms the marginal serrations. The base of 
the tooth is coated with a smooth, lighter-coloured cement, forming 
a thin layer, and becoming a little thicker towards the implanted 
end of the tooth. The remains of the pulp are converted into osteo- 
dentine in the basal part of the completely formed tooth. Moderately 
magnified, the surface of the enamel presents a finely- wrinkled ap- 
pearance. The marginal serrations show, under a somewhat higher 
power, that the points are directed towards the apex of the tooth — 
a structure well adapted for dividing the tough tissues of the saurian 
integument. 

The main body of the tooth consists of dentine, of that hard 
unvascular kind of which the same part pf the teeth of existing 


jaw, a part of the basal shell of an absorbed and shed tooth remains, TeA*!, 
with part of the root of the successional tooth, which has risen into 
place, but which shows its base full of matrix, the pulp not having ^ ^ 
been calcified at that period of the tooth’s growth. 

In the proportion of the successional teeth which is formed in the 
formative cavity in the substance of the jaw, the Megalosaurus offers 
a closer resemblance to the mammalian class than do any of the 
recent or extinct crocodilian or lacertian reptiles. But the evi- 
dence of uninterrupted and frequent succession of the teeth in the 
Megalosaurus is unequivocal ; and this part of the dental economy 
of the great carnivorous reptile is strictly analogous to that which 
governs the same system in the existing members of the class. The 
different forms of the teeth at different stages of protrusion did not 
fail to attract the attention of the gifted discoverer of the Megalo- 
saupus, in whose words this notice of its dentition may he fitly 
concluded : — 

“ In the structure of these teeth we find a combination of me- 
chanical contrivances analogous to those which are adopted in the 
construction of the knife, the sabre, and the saw. When first pro- 
truded above the gum, the apex of each tooth presented a double 
cutting edge of serrated enamel. In this stage its position and line 
of action were nearly vertical ; and its form, like that of the two- 
edged point of a sabre, cutting equally on each side. As the tooth 
advanced in growth, it became curved backwards in the form of a 
pruning-knife, and the edge of serrated enamel was continued 
downwards to the base of the inner and cutting side of the tooth, 


crocodiles and most mammals is composed. The dentinal tubules 
in the Megalosaurus are extremely fine and close-set, presenting a 
diameter of T^-^T^Tyth of an inch, with interspaces varying between 
two and three times that diameter. They radiate from the pulp- 
cavity at right angles with the external surface of the tooth. The 
primary curvatures correspond with those of the dentinal tubules 
in the Varanus (figured in the author’s Odontography^ plate Ixvii., 
fig. 2), hut they are less marked ; so that the tubules appear 
straighter in the Megalosaurus. After their origin, they dichoto- 
mize sparingly, but the number of minute secondary branches sent 
off into the intermediate substance is very great. These secondary 
branches proceed at acute angles from the primary tubules ; the 
divisions of the latter become very frequent near the periphery of 
the dentine, and the terminal branches dilate into, or inosculate 
with, a stratum of minute calcigerous cells, which separates the 
dentine from the enamel.^ No part of the dentine is pervaded by 
medullary canals, as in the Iguanodon. 

A series of teeth from individual Megalosauri, of different ages, 
are preserved in the British Museum and in the geological museum 
at Oxford ; although differing in size, they preserve the character- 
istic form above described. In one specimen the point of the crown 
and the trenchant margins have been rubbed down to a smooth 
obtuse surface ; it seems to have come from the hinder part of the 
dental series, where the teeth may have been smaller and less sharp, 
or more liable to be blunted by a greater share in the imperfect act 
of mastication, than the teeth in advance. 

Successional teeth in different stages of growth are shown in the 
original portion of jaw of the Megalosaurus in the Oxford museum. 
Some, more advanced, show their crowns projecting from alveoli 
already formed hy the plates extending across from the triangular 
processes before described. Vacant sockets, from which fully- 
formed teeth have escaped, occur, generally in the intervals be- 
tween these more advanced teeth. The summits of less developed 
teeth are seen protruding at the inner side of the basal interspaces 
of the triangular plate, between them and the true internal alveolar 
parapet. There can be no doubt that, in the course of the develop- 
ment of these teeth, corresponding changes take place in the jaw 
itself, by which new triangular plates and alveolar partitions are 
formed, as the old ones become absorbed, analogous to those con- 
comitant changes in the powth and form of the teeth, alveoli, and 
jaws which take place in so striking a degree in the elephant. 
The peculiarity of the Megalosaurus, as compared with the croco- 
diles and lizards, which have a like endless succession of teeth, is 
the deeper position of the successional tooth (fig. 40, c), in relation 
to the one («) it is destined to replace, and the great proportion of 
the tooth which is formed before it is protruded. This interesting 
character is well exhibited in the portion of the jaw kindly sub- 
mitted to the author’s examination by the late Duke of Marlborough, 
^d a portion of which is shown in fig. 40. The anterior tooth a 
in this specimen shows at the inner side of its base the commencing 
absorption stimulated by the encroaching capsule of the successional 
tooth « below, the crown of which is completed externally, though 
not consolidated. On one of the fractured margins of this piece of 


whilst on the outer side a similar edge descended, hut a short dis- 
tance from the point ; and the convex portion of the tooth became 
blunt and thick, as the back of a knife is made thick for the pur- 
pose of producing strength. The strength of the tooth was further 
increased by the expansion of its side. Had the serrature continued 
along the w'hole of the blunt and convex portion of the tooth, it 
would in this position have possessed no useful cutting power; it 
ceased precisely at the point beyond which it could no longer be 
effective. In a tooth thus formed for cutting along its concave 
edge, each movement of the jaw combined the power of the knife 
and saw ; whilst the apex, in making the first incision, acted like 
the two-edged point of a sabre. The backward curvature of the 
full-grown teeth enabled them to retain, like barbs, the prey which 
they had penetrated, In these adaptations we see contrivances 
which human ingenuity has also adopted in the preparation of 
various instruments of art.” ^ 

The lizards of the Iguanian family are characterized by a short Iguanidaj. 
contractile tongue, slightly notched at its extremity, but are distin- 
guished for the most part by having teeth on the pterygoid bone, 
and also by the complicated form of the crown of the maxillary teeth 
in the typical genera, the species of which subsist chiefly on vegetable 
substances. In most of the Iguanians the teeth are lodged in a com- 
njon shallow, oblique, alveolar groove, and are soldered to excava- 
tions on the inner surface of the outer wall of the groove. 

In the pleurodont Iguanians, the teeth never present the true 
laniary form ; and if simply conical, as at the extremes of the 
maxillary series, the cone is more or less obtuse ; but in general it 
is expanded, more or less trilobate, or dentated along the margins 
of the crown. 

The dentition of the Basilisks differs little from that of the Iguanse. 

The posterior teeth are rather trilobate than tricuspid ; the anterior 
ones are small, circular, pointed, and slightly curved. There are 
generally from five to six conical teeth on each pterygoid bone ; but 
in the mitred Basilisk there are twelve teeth in each of these rows. 

The Amblyrhynchus, a genus which is somewhat remarkable for 
the marine habits of at least one of the species (^Amhlyrhynchus ater^^ 
whose diet is sea-weed, has the tricuspid structure well developed 
in the posterior teeth. 

The typical genus of the present family of Saurians is charac- 
terized by the crenate or dental margin of the crown of the maxil- 
lary and premandibular teeth, a few of the anterior small ones 
excepted. The pterygoid teeth are arranged in two or three irre- 
gular rows, resembling somewhat the dents en cardes of fishes. 

In the full-grown horned Iguana (Metopoceros cornutus, Dum.), 
there are about fifty-six teeth in both the upper and lower jaws, of 
which the four first are conical and slightly recurved ; the twelve 
succeeding teeth are somewhat larger in size, with more compressed 
and expanded crowns ; the rest are triangular, compressed, with 
dentated margins. The inner surface of the crown of the tooth is 
simply convex and smooth, the outer surface traversed by a median 
longitudinal, broad, obtuse ridge, Fig, 41 gives a view of these 
teeth on the inner side of the lower jaw : <z, the teeth in place, 
anchylosed to the outer parapet of the alveolar groove ; 6, the germ 
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Fig. 41. 

Lower Jaw and Teeth of an lgaa.na.(Ifetoj>oceros cornutus). 


successors. In the common as in the horned iguana there is a 
single row of small teeth implanted in each pterygoid bone; but 
no iguanian lizard has teeth on the palatine bones. 

The pulp-cavity in old teeth becomes occupied by a coarse bone, 
characterized by large irregularly-shaped calciferous cells ; and 
the interspaces are filled with irregular moss-like reticulations of 
tubes. Branches of the pulp-cavity are never continued in the 
form of medullary canals into the substance of the dentine in the 
existing Iguanas. 

The germs of the successional teeth {5, fig. 41), are developed 
from the mucous membrane covering the inner side of the base of 
those in place. The apex of the deutated crown is first formed j by 
its pressure it excites absorption of the base of the fixed tooth, and 
soon undermines it, and then occupies the recess in the alveolar 
plate in the interspace of the two adjoining fixed teeth. After the 
crown is completed, the rest of the tooth forms a contracted and 
elongated fang, which at first is hollow, then becomes consolidated 
by ossification of the remaining pulp c, and is afterwards a second 
time excavated by the pressure of a new tooth. 

Dinosauria. The value of a knowledge of the comparative anatomy of the 
teeth, and especially of their external characters, in the cold- 

Iguanodon. flooded classes of animals, has never, perhaps, been placed in so 
striking a point of view as in the leading steps to the discovery of 
the present most extraordinary and gigantic reptile. The detached 
teeth and bones of the Iguanodoriy successively discovered in the 
Wealden strata of Sussex, and afterwards found associated together 
to the extent of nearly half the skeleton of one and the same indi- 
vidual, in the greensand of Kent, offer not the least marvellous or 
siguificant evidences of the inhabitants of the now temperate lati- 
tudes during the later secondary periods of the formation of the 
earth’s crust. 

With vertebrae, subconcave at both articular extremeties, having, 
in the dorsal region, lofty and expanded neural arches, and doubly 
articulated ribs, and characterized in the sacral region by their 
unusual number and complication of structure; with a Lacertian 
pectoral arch, and unusually large bones of the hind limbs, exca- 
vated by large medullary cavities, and adapted for terrestrial pro- 
gression ; — the Iguanodon was distinguished by teeth, resembling 
in shape those of the Iguana, hut in structure differing from the 
teeth of that and every other known reptile, and unequivocally 
indicating the former existence in the Dinosauriau order of a 
gigantic representative of the small group of living lizards which 
subsist on vegetable substances. 

The important difference which the fossil teeth presented in the 
form of their grinding surface was pointed out by Cuvier,^ of 
whose description Dr Mantell adopted a condensed view in his 
Illustrations of the Geology of SussetSy 4to, 1827, p. 72. The com- 
bination of this dental distinction with the vertebral and costal 
characters, which prove the Iguanodon not to have belonged to the 
same group of Saurians as that which includes the Iguana and 
other modern lizards, rendered it highly desirable to ascertain by 
the improved modes of investigating dsntal structure, the actual 
amount of correspondence between the Iguanodon and Iguana in 
this respect. This has been done in the author’s general descrip- 
tion of the teeth of reptiles,^ from which the following notice is 
abridged : — 

The teeth of the Iguanodon (fig. 42), though resembling most 
closely those of the Iguana, do not present an exact magnified 
image of them, but differ in the greater relative thickness of the 
crown, its more complicated external surface, and, still more 
essentially, in a modification of the internal structure, by which 
the Iguanodon equally deviates from every other known reptile. 

As in the Iguana, the base of the tooth is elongated and con- 
tracted ; the crown expanded and smoothly convex on the inner 
side ; when first formed it is acuminated, compressed, its sloping 
sides serrated, and its external surface traversed by a median longi- 
tudinal ridge, and coated by a layer of enamel ; but beyond this 
point the description of the tooth of the Iguanodon indicates cha- 
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surface of the crown, one on each side of the median primitive v ^ 


Fig. 42. 

Front and side views of a Tooth of the Iguanodon, nat. size, 
ridge ; these are separated from each other and from the serrated 
margins of the crown by four wide and smooth longitudinal grooves. 
The relative width of these grooves varies in different teeth ; some- 
times a fourth small longitudinal ridge is developed on the outer 
side of the crown. The marginal serrations which, at first sight, 
appear to he simple notches, as in the Iguana, present under a low 
magnifying power (fig. 43), the form of transverse 
ridges, themselves notched, so as to resemble the 
mammilated margins of the unworn plates of the 
elephant’s grinder; slight grooves lead from the 
interspaces of these notches upon the sides of the 
marginal ridges. These ridges or dentations do 
not extend beyond the expanded part of the crown ; 
the longitudinal ridges are continued farther down, 
especially the median ones, which do not subside 
till the fang of the tooth begins to assume its sub- i 

cylindrical form. The tooth at first increases both JS the TooS 
in breadth and thickness; then it diminishes in ot the Iguano- 
hreadth, but its thickness goes on increasing ; in magn, 

the larger and fully formed teeth, the fang decreases in every 
diameter, and sometimes tapers almost to a point. The smooth 
unbroken surface of such fangs indicates that they did not adhere 
to the inner side of the maxillae, as in the Iguana, but were placed 
in separate alveoli, as in the Crocodile and Megalosaur ; such sup- 
port would appear, indeed, to be indispensable to teeth so worn by 
mastication as those of the Iguanodon. 

The apex of the tooth soon begins to be worn away, and it would 
appear, by many specimens, that the teeth were retained until 
nearly the whole of the crown had yielded to the daily abrasion. 
In these teeth, however, the deep excavation of the remaining fang 
plainly bespeaks the progress of the successional tooth prepared to 
supply the place of the worn-out grinder. At the earlier stages of 
abrasion a sharp edge is maintained at the external part of the 
tooth by means of the enamel which covers that surface of the 
crown; the prominent ridges upon that surface give a sinuous 
contour to the middle of the cutting edge, whilst its sides are jagged 
by the lateral serrations. The adaptation of this admirable dental 
instrument to the cropping and comminution of such tough vege- 
table food as the Clathrarioe and similar plants, which are found 
buried with the Iguanodon^ is pointed out by Dr Buckland, with 
his usual felicity of illustration, in his Bridgewater Treatise, vol. i., 
p. 246. 

When the crown is worn away beyond the enamel, it presents a 
broad and nearly horizontal grinding surface (fig, 44), and now 
another dental substance is brought into use, to 
give an inequality to that surface ; this is the ossi- 
fied remnant of che pulp, which, being firmer than 
the surrounding dentine, forms a slight transverse 
ridge in the middle of the grinding surface ; the 
tooth in this stage has exchanged the functions of 
an incisor for that of a molar, and is prepared to 
give the final compression, or comminution, to the 
coarsely divided vegetable matters. 

The marginal edge of the incisive condition of 
the tooth and the median ridge of the molar stage Tootb of 

are more effectually established by the introduc- 





Fig. 43. 



^ Ossemem Fossiks, 1824, vol. v., pt. ii., p, 351, 


Odontography, pt, ii., p. 249 ; Transactions of the British Association, 1838. 
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tion of a modification into the texture of the dentine, hy which it 
is rendered softer than in the existing Iguan® and other reptile, 
and more easily worn away. This is effected hy an arrest of the 
calcifyinff process along certain cylindrical tracts of the pulpf 
which is thus continued, in the form of medullary canals, analogous 
to those in the soft dentine of the Megatherium’s grinder, from the 
central cavity, at pretty regular intervals, parallel with the den- 
tinal tubes, nearly to the surface of the tooth. The medullary 
canals radiate from the internal and lateral sides of the pulp-cavity, 
and are confined to the dentine forming the corresponding walls of 
the tooth. Their diameter is of an inch. They are separated 
hy pretty regular intervals equal to from six to eight of their own 
diameters. They sometimes divide once in their course.^ Each 
medullary canal is surrounded by a clear space. Its cavity was 
occupied in the section described hy a substance of a deeper yellow 
colour than the rest of the dentine. 

The dentinal tubes present a diameter of .^;^oth of an inch, with 
interspaces equal to about four of their diameters. At the first 
part of their course, near the pulp-cavity, they are bent in strong 
undulations, hut afterwards proceed in slight and regular primary 
curves, or in nearly straight lines to the periphery of the tooth. 
The secondary undulations of each tooth are regular, and very 
minute, The branches, both primary and secondary, of the dentinal 
tubes are sent off from the concave side of the main inflections ; 
the minute secondary branches are remarkable at certain parts of 
the tooth for their flexuous ramifications, anastomoses, and dilata- 
tions into minute calcigerous cells, which take place along nearly 
parallel lines for a limited extent of the coarse of the main tubes. 
The appearance of interruption in the course of the dentinal tubes, 
occasioned by this modification of their secondary branches, is 
represented by the irregularly dotted tracts in the figure. This 
modification must contribute, with the medullary canals, though 
in a minor degree, in producing that inequality of texture and of 
density in the dentine, which renders the broad and thick tooth of 
the Iguanodon more efficient as a triturating instrument. 

The enamel which invests the harder dentine, forming the outer 
side of the tooth, presents the same peculiar dirty brown colour, 
when viewed by transmitted light, as in most other teeth. Very 
minute and scarcely perceptible undulating fibres, running ver- 
tically to the surface of the tooth, form the only discernible struc- 
ture in it. 

The remains of the pulp in the contracted cavity of the com- 
pletely formed tooth are converted into a dense but true osseous 
substance, characterized by minute elliptical radiated cells, whose 
long axis is parallel with the plane of the concentric lamellae, 
which surround the few and contracted medullary canals in this 
substance. 

The microscopical examination of the structure of the Jguano- 
don^s teeth thus contributes additional evidence of the perfection 
of their adaptation to the offices to which their more obvious 
characters had indicated them to have been destined. 

To preserve a trenchant edge, a partial coating of enamel is 
applied; and, that the thick body of the tooth might he worn away 
in a more regularly oblique plane, the dentine is rendered softer as 
it recedes from the enamelled edge, hy the simple contrivance of 
arresting the calcifying process along certain tracts of the inner 
wall of the tooth. When attrition has at length exhausted the 
enamel, and the tooth is limited to its function as a grinder, a third 
substance has been prepared in the ossified remnant of the pulp to 
add to the efficiency of the dental instrument in its final capacity. 
And if the following reflections Avere natural and just, after a 
review of the external characters of the dental organs of the 
Iguanodon, their truth and beauty become still more manifest as our 
knowledge of their subject becomes more particular and exact: — 
In this curious piece of animal mechanism we find a varied 
adjustment of all parts and proportions of the tooth, to the exercise 
of peculiar functions, attended by compensations adapted to shift- 
ing conditions of the instrument during different stages of its 
consumption. And we must estimate the works of nature by a 
different standard from that which we apply to the productions of 
human art, if we can view such examples of mechanical contriv- 
ance, united with so much economy of expenditure, and with such 
anticipated adaptations to varying conditions in their application, 
without feeling a profound conviction that all this adjustment has 
resulted from design and high intelligence.” ^ 

The existing species of lizard differ from those of the crocodile 
in the anchylosed condition of the teeth, which present few modi- 
fications of importance ; those that yield most fruit to physiology, 
and which have most expanded our ideas of the extent of the re- 
sources and exceptional deviations from what was deemed the rule 
of structure in the Saurian dentition, have been discovered by the 


study of the fossil teeth of extinct forms of the order. Amongst Teeth of 
these the most extraordinary, in respect of their dental system, have Reptiles 
been recently discovered in a probably “ Permian” formation in y ^ 
South Africa. These fossil reptiles have been termed “ Dicyno- 
donts,” from their dentition being reduced to one long and large 
canine tooth on each side of the upper jaw, and these teeth impart, 
at first sight, a character to the jaws like that which the long 
poison-fangs give, when erected, to the jaws of the rattlesnake. 

Pig. 45 is a reduced side view of the skull and teeth of the 



Dicynodon laccrticeps. The maxillary bone is excavated by a wide 
and deep alveolus, with a circular area of half an inch, and lodges 
a long and strong, slightly curved, and sharp-pointed canine tooth 
or tusk c, which projects about two- thirds of its length from the 
open extremity of the socket. The direction of the tusks is for- 
wards, downwards, and very slightly inwards ; the two converging 
in the descent along the outer side of the compressed symphysis of 
the lower jaw. The tusk is principally composed of a body of com- 
pact unvascular dentine. The base is excavated by a wide conical 
pulp-cavity, with the apex extending to about one-half of the im- 
planted part of the tusk, and a linear continuation extending along 
the centre of the solid part of the tusk. From this central line the 
dentinal tubes radiate, with a gentle curve at the beginning, con- 
vex towards the point of the tusk, and then proceeding straight to 
the periphery of the tooth, but inclining towards the apex. They 
present parallel secondary curves, divide dichotomously twice or 
thrice near their beginning, and send off numerous small lateral 
branches, chiefly from the side next the apex. At their primary 
curve the dentinal tubes are yir-Stnith of an inch in diameter, and 
their intervals are across. The dentinal cells 

are most conspicuous near the periphery of the tooth, and vary in 
diameter from yj^yth to inch. 

The enamel, at least at the middle of the tusk, is thinner than in 
the teeth of the crocodile. It presents only a finely lamellated 
texture, the layers being parallel with the surface of the dentine 
on which it rests. There is only a fine linear trace of cement on 
the exterior of the sections of the implanted base of the tusks ; and 
here it is too thin to allow of the development of the radiated cells 
in its substance. There is no trace of teeth or their sockets in the 
lower jaw,2 so much of the alveolar border as is exposed presents a 
smooth and even edge, which seems to have played like a scissor- 
blade upon the inner side of the corresponding edentulous border 
of the upper jaw ; and it is most probable, from the analogies of 
similarly-shaped jaws of existing reptilia, that the fore-part of both 
the upper and under jaws were sheathed with horn. 

Until the discovery of the Rhynchosaurus, this edentulous and 
horn-sheathed condition of the jaws was supposed to be peculiar to 
the chelonian order among reptiles ; and it is not one of the least 
interesting features of the Dicynodonts of the African sandstones, 
that they should repeat a chelonian character hitherto peculiar 
amongst Lacertians, to the above-cited remarkable extinct edentulous 
genus of the new red sandstone of Shropshire ; but our interest 
rises almost to astonishment, when, in a saurian skull, we find, 
superadded to the horn-clad mandibles of the tortoise, a pair of 
tusks, borrowed, as it were, from the mammalian class, or rather 
foreshadowing a structure which, in the existing creation, is peculiar 
to certain members of the highest organized warm-blooded animals, 

Crocodilia , — The ancient writers on natural history appear to Crocodilia. 
have been much struck with the great number of teeth in the cro- 
codile; and their descriptions were exaggerated to the tone of the 
impressions thus produced. Thus, according to Achilles Tatius, 
the crocodile had as many teeth as there were days in the year. 

How many teeth a crocodile may develop through the whole 
course of its life in uninterrupted succession, will never, perhaps, 
he determined ; they then would doubtless far exceed in number 
the liberal allowance of Tatius; but with regard to those teeth 
which are in use in the jaws at any given time, the number is now 


^ Buckland’s Bridgewater Treatise^ vol, i., p, 249. 
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ferent species and genera of crocodiles differ from each other in the 
number of teeth, and also the individuals differ within small limits. 

The best and most readily recognisable characters by which the 
existing Crocodilians are grouped in appropriate genera are derived 
from modifications of the dental system. 

In the caimans (genus Alligator) the teeth vary in number from 

22^1102 ^ fou.rth tooth of the lower jaw or canine, is 


received into a cavity of the palatal surface of the upper jaw, where 
it is concealed when the mouth is shut; in old individuals the 
upper jaw is perforated by these large inferior canines, and the 
fosssB are converted into foramina. 

In the true crocodiles (genus Orocodilus) the first tooth in the 
lower jaw perforates the palatal process of the intermaxillary bone 
when the mouth is closed ; the fourth tooth in the lower jaw is 
received into a notch excavated in the side of the alveolar border 
of the upper jaw, and is visible externally when the mouth is closed. 

In the two preceding genera the alveolar borders of the jaws 
have an uneven or wavy contour, and the teeth are of unequal size. 

In the gavials (genus Gavialis) the teeth are nearly equal in 


Fig. 4e. 

Teeth of the Gavial. 
pholis crassidens)f from the Wealden formation and Purbeck lime- 
stone, the teeth have crowns which are as round and as thick in pro- 
portion to their length as in the recent crocodiles or alligators. 

The more ancient crocodiles, from the Oolite and Lias, called 
Steneosauri and Teleosauri, had jaws like those of the modern gavials, 
but sometimes longer and more attenuated, and armed w'ith more 
numerous, equal, and slender teeth, adapted for the capture of fishes, 
which appear to have been the only other vertebrate animals exist- 
ing at those periods in numbers suffclent to yield subsistence to 
carnivorous marine Saurians. 

In all the Teleoeauri the teeth are more slender, less compressed, 
and sharper pointed than in the gavial; they are slightly recurved, 
and the enamelled crown is traversed by more numerous and better 
defined ridges — two of which, on opposite sides of the crown, are 
larger and more elevated than the rest. The fang is smooth, cylin- 
drical, and always excavated at the base. The teeth of the Steneo* 
eaurit or extinct crocodiles with long and slender jaws, and with 
vertebrae sub-concave at both extremities, but with subterminal nos- 
trils, differ from those of the TeUosauri in being somewhat thicker in 
proportion to their length, and larger in proportion to the jaws. 

The teeth of both the existing and extinct crocodilian reptiles 
consist of a body of compact dentine, forming a crown covered by 
a coat of enamel, and a root invested by a moderately thick layer 
of cement. The root slightly enlarges or maintains the same 
breadth to its base (fig. 46, a), which is deeply excavated by a 
conical pulp-cavity extending into the crown, and is commonly 
either perforated or notched at its concave or inner side. 

In the black alligator of Guiana, the firstfourteen teeth in the lower 
jaw are implanted in distinct sockets. The remaining posterior teeth 



size and similar in form in both jaws, and the 
first as well as the fourth tooth in the lower 
jaw passes into a groove in the margin of the 
upper jaw, when the mouth is closed. 

The number of teeth is always greater in the 
gavials than in the crocodiles or alligators. 
Thefirst five pairs of teeth above are supported 
by the premaxillary bones ; thefirst, second, 
and fourth of the lower jaw are the longest. 

The eight or nine posterior teeth are nearly 
conical, the rest are sub-compressed antero- 
posteriorly, and present a trenchant edge on 
the right and left side, between which a few 
faint longitudinal ridges traverse the basal 
part of the enamelled crown (fig. 46). 

The position of the opposite sharp ridges, 
and the direction of the flat sides of the crown, 
are reversed in the extinct crocodile (Croc. cmZ- 
tridens)^ which in other respects most nearly 
resembles the gavial in the form of the teeth. 

In most of the extinct species of Crocodilians 
the teeth are characterized by more numerous 
and strongly developed longitudinal ridges 
upon the enamelled crown, than in the recent 
species; and they are commonly longer, more 
slender, and sharp-pointed. But in one of the 
crocodiles with sub-biconcave vertebrae (Como- 


are lodged close together in a continuous groove, in which the divi- Teeth of 
sions for sockets are faintly 
indicated by vertical ridges, 
as in the jaws of the Ichthyo- 
saurus. 

A thin compact floor of bone 
separates this groove and the 
sockets anterior to it (fig. 47) 
from the large cavity of the 
ram us of the j aw. It is pier ced 
by blood-vessels for the sup- 
ply of the pulps of the grow- 
ing teeth and the vascular 
dentigerous membrane which 
lines the alveolar cavities. 

The tooth-germ c (fig. 47) 
is developed from the mem- 
brane covering the angle be- 
tween the floor and the inner 
wall of the socket. It be- 
comes, in this situation, com- 
pletely enveloped by its cap- 
sule, and partially calcified, before the young tooth penetrates the 
interior of the pulp-cavity of its predecessor. 

The matrix of the young growing tooth affects, by its pressure, 
the inner wall of the socket, as shown in fig. 47, and forms for 
itself a shallow recess, at the same time it attacks the side of the 
base of the contained tooth; then, gaining a more extensive attach- 
ment by its basis and increased size, it penetrates the large pulp- 
cavity of the previously formed tooth either by a circular or semi- 
circular perforation. The size of the perforation in the tooth, 
and of the depression in the jaw, proves them to have been in great 
part caused by the soft matrix, which must have produced its effect 
by exciting absorbent action, and not by mere mechanical force. 

The resistance of the wall of the pulp-cavity having been thus 
overcome, the growing tooth and its matrix recede from the tem- 
porary alveolar depression, and sink into the substance of the pulp 
contained in the cavity of the fully -formed tooth. 

As the new tooth grows, the pulp of the old one is removed ; the 
old tooth itself is next attached, and the crown, being undermined 
by the absorption of the inner surface of its base, may be broken 
off by a slight external force, when the point of the new tooth is 
exposed, as in figs. 46 and 47, h. 

The new tooth disembarrasses itself of the cylindrical base of its 
predecessor (fig. 47, a) with which it is sheathed, by maintaining the 
excitement of the absorbent process so long as the cement of the old 
fang retains any vital connection with the periosteum of the socket ; 
but the frail remains of the old cylinder, thus reduced, are sometimes 
lifted out of the socket upon the crown of the new tooth (as in fig. 46, 
ct), when they are speedily removed by the action of the jaws. This 
is, however, the only part of the process which is immediately pro- 
duced by violence ; an attentive observation of the more important 
previous stages of growth, teaches that the pressure of the growing 
tooth operates upon the one to be displaced only through the medium 
of the vital absorbent action which it has excited. 

Most of the stages in the development and succession of the teeth 
of the crocodiles are described by Cuvier with his wonted clearness 
and accuracy ; but the mechanical explanation of the expulsion of 
the old teeth, which Cuvier adopts from M. Tenon, is opposed by 
the disproportion of the hard part of the new tooth to the vacuity 
in the walls of the old one, and by the fact that the matter im- 
pressing, viz., the uncalcified part of the tooth matrix, is less dense 
than the part impressed. 

No sooner has the young tooth (fig. 46, &) penetrated ,the interior 
of the old one (fig. 46, a) than another germ c, begins to be de- 
veloped from the angle between the base of the young tooth and 
the inner alveolar process ; or in the same relative position as that 
in which its predecessor began to rise, and the processes of succes- 
sion and displacement are carried on uninterruptedly throughout 
the long life of these cold-blooded carnivorous reptiles. 

Prom the period of exclusion from the egg, the teeth of the 
crocodile succeed each other in the vertical direction ; none are 
added from behind forwards like the true molars in Mammalia. It 
follows, therefore, that the number of the teeth of the crocodile is 
as great when it first sees the light as when it has acquired its full 
size ; and, owing to the rapidity of their succession, the cavity at 
the base of the fully-formed tooth is never consolidated. 

The fossil jaws of the extinct Crocodilians demonstrate that the 
same law regulated the succession of the teeth at the ancient epochs 
when those highly-organised reptiles prevailed in greatest numbers, 
and under the most varied generic and specific modifications, as at 
the present period, when they are reduced to a single family com- 
posed of so few and slightly varied species as to have constituted 
in the system of Linnseus a small fraction of the genus Lacerta, 
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Teeth of Sect. III.— TEETH OF MAMMALS. 

Mammals. 

The class Mammalia^ like that of Eeptiha and Pisces^ 

Number, includes a few genera and species that are devoid of 
teeth ; the true ant-eaters {Myrmecophaga\ the scaly ant- 
eaters, or Pangolins (^Manis), and the spiny monotrematous 
ant-eater {^Echidna)^ are examples of strictly edentulous 
Mammals. The Omithorhynchm has horny teeth, and 
the whales (Balma and BalcBnoptera) have transitory 
embryonic calcified teeth (fig. 59), succeeded by whale- 
bone substitutes (fig. 58), in the upper jaw. Horny 
processes analogous to, perhaps homologous with, the 
lingual and palatal teeth in fishes, are present in the 
Echidna, The female Narwhal seems to be edentulous, 
but has the germs of two tusks in the substance of the 
upper jaw-bones (fig. 62) ; one of these becomes deve- 
loped into a large and conspicuous weapon in the male 
Narwhal (fig. 62, a), and accordingly suggested to Lin- 
naeus the name, for its genus, of Monodon^ meaning single 
tooth. But the tusk is never median, like the truly single 
tooth on the palate of the Myxine ; and occasionally both 
tusks are developed in the Narwhal. In another Ceta- 
cean — the great Bottle-nose or Hyperoodon — the teeth are 
reduced in the adult to two in number (fig, 61), whence 
the specific name, H, hidens ; but they are confined to the 
lower jaw. The sharp-nosed dolphin {Ziphius) has also 
but two teeth, one in each ramus of the lower jaw ; and 
this is perhaps a sexual character. 

The Delphinus giriseus has five teeth on each side of the 
lower jaw; but they soon become reduced to two. 
Amongst the Marsupial animals, the genus Tarsipes is 
remarkable for the paucity as well as minuteness of its 
teeth. The Elephant has never more than one entire 
molar, or parts of two, in use on each side of the upper 
and lower jaws, to which are added two tusks, more or 
less developed, in the upper jaw. 

Some Rodents, as the Australian water-rats (Bydromys), 
have two giinders on each side of both jaws, which, 
added to the four cutting teeth in front, make twelve in 
all ; the common number of teeth in this order is twenty ; 
but the hares and rabbits have twenty-eight teeth. The 
Sloth has eighteen teeth. The number of teeth, thirty- 
two, which characterizes man, the apes of the old world, 
and the true Ruminants, is the average one of the class 
Mammalia ; but the typical number is forty-four. 

The examples of excessive number of teeth are pre- 
sented, in the order JBruta, by the Priodont Armadillo, 
which has ninety-eight teeth ; and in the Cetaceous order 
by the Cachalot, which has upwards of sixty teeth, though 
most of them are confined to the lower jaw ; by the com- 
mon porpoise, which has between eighty and ninety teeth ; 
by the Gangetic dolphin, which has one hundred and 
twenty teeth ; and by the true dolphins {Delphinus)^ which 
have from one hundred to one hundred and ninety teeth, 
yielding the maximum number in the class Mammalia, 

Where the teeth are in excessive number, as in the 
species above cited, they are small, equal, or sub-equal, 
and of a simple conical form ; pointed, and slightly re- 
curved in the common dolphin ; with a broad and flattened 
base in the Gangetic dolphin ; with the crown compressed, 
and broadest in the porpoise ; compressed, but truncate, 
and equal with the fang, in the Priodon, The compressed 
triangular teeth become coarsely notched or dentated at 
the hinder part of the series in the great extinct cetaceous 
Zeuglodon, The simple dentition of the smaller Arma- 
dillos, of the Orycterope, and of the three-toed Sloth, pre- 
sents a difference in the size, but little variety in the shape 
of the teeth, which are subcylindrical, with broad tritu- 
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rating surfaces ; in the two-toed Sloth, the two anterior Teeth of 
teeth of the upper jaw are longer and larger than the rest, 
and adapted for piercing and tearing. 

Teeth are fixed, as a general rule, in all Vertelrata^ 
and the only known exceptions are those presented by 
certain species of fishes ; e, g., the Sharks, Lophioids, 
Goniodonts. In the higher Vertebrata the movements of 
the teeth depend on those of the jaw-bones to which they 
are affixed, but appear to be independent in the ratio of 
the size of the tooth to the bone to which it is attached. 

Thus the extent of rotatory movement to which the large 
perforated poison-fangs of the rattle-snake are subject, 
depends upon the rotation of the small maxillary bone ; 
so, likewise, the seemingly individual movements of di- 
vai-ication and approximation observable in the large 
lower incisors of the Bathyergus and Macropus^^ are due 
entirely to the yielding nature of the symphysis uniting 
the two rami of the lower jaw, in which those incisors are 
deeply and firmly implanted. 

In man, where the premaxillaries early coalesce with 
the maxillary bones, where the jaws are very short, and 
the crowns of the teeth are of equal length, there is no 
interspace or “ diastema” in the dental series of either 
jaw, and the teeth derive some additional fixity by their 
close apposition and mutual pressure. No inferior Mam- 
mal now presents this character ; but its importance, as 
associated with the peculiar attributes of the human or- 
ganization, has been somewhat diminished by the discovery 
of a like contiguous arrangement of the teeth in the jaws 
of a few extinct quadrupeds ; e. Anoploiherium^ Nesodon^ 
and Dichodon. 

The teeth in the Mammalia, as in the foregoing classes, Bevelop- 
are formed by superaddition of the hardening salts to 
pre-existing moulds of animal pulp or membrane, organ- 
ized so as to insure the arrangement of the earthy particles 
according to that pattern which characteidzes each consti- 
tuent texture of the tooth. 

The complexity of the primordial basis, or matrix, 
corresponds, therefore, with that of the fully-formed tooth, 
and is least remarkable in those conical teeth which con- 
sist only of dentine and cement. The primary pulp, 
which first appears as a papilla rising from the free surface 
of the alveolar gum, is the part of the matrix which, by 
its calcification, constitutes the dentine. In the simple 
teeth, the secondary, or enamel pulp, covers the dentinal 
pulp like a cap ; in the complex teeth it sends processes 
into depressions of the coronal part of the dentinal pulp, 
which vary in depth, breadth, direction, and number, in 
the different groups of the herbivorous and omnivorous 
quadrupeds. The dentinal pulp, thus penetrated, offers 
corresponding complications of form ; and, as the capsule 
follows the enamel pulp in all its folds and processes, the 
external cavities or interspaces of the dentine become 
occupied by enamel and cement — the cement, like the 
capsule which formed it, being the outermost substance, 
and the enamel being interposed between it and the den- 
tine. The dental matrix presents the most extensive 
interdigitation of the dentinal and enamel pulps in the 
Capybara and Elephant. The matrix of the mammalian 
tooth sinks into a furrow, and soon becomes inclosed in a 
cell in the substance of the jaw-bone, from which the 
crown of the growing tooth extricates itself by exciting 
the absorbent process, whilst the cell is deepened by the 
same process, and by the growth of the jaw, into an 
alveolus for the root of the tooth. Where the formative 
parts of the tooth are reproduced indefinitely, to repair, 
by their progressive calcification, the waste to which the 
working surface of the crown of the tooth has been sub- 


^ See Mason Q-ood’s Book of Natwre, vol. i. p. 285. 1826. 
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Teeth of ject, the alveolus is of unusual depth, and of the same 
form and diameter throughout, except in the immature 
animal, when it widens to its bottom or base. In teeth 
of limited growth, the dentinal pulp is reproduced in 
progressively decreasing quantity after the completion of 
the exterior wall of the crown, and forms, by its calcifi- 
cation, one or more roots or fangs, which taper, more or 
less rapidly, to their free extremity. The alveolus is 
closely moulded upon the implanted part of the tooth; 
and it is worthy of special remark, that the complicated 
form of socket which results from the development of two 
or more fangs, is peculiar to animals of the class Mammalia, 

In the formation of a single fang, the activity of the 
reproductive process becomes enfeebled at the circumfer- 
ence, and is progressively contracted within narrower 
limits in relation to a single centre, until it ceases at the 
completion of the apex of the fang, which, though for a 
long time perforated for the admission of the vessels and 
nerves to the interior of the tooth, is, in many cases, 
finally closed by the ossification of the remaining part of 
the capsule. 

When a tooth is destined to be implanted by two or 
more fangs, the reproduction of the pulp is restricted to 
two or more parts of the base of the coronal portion of 
the pulp, around the centre of which parts the sphere of 
its reproductive activity is progressively contracted. The 
intervening parts of the base of the coronal pulp adhere 
to the capsule, which is simultaneously calcified with 
them, covering those parts of the base of the crown of 
the tooth with a layer of cement. The ossification of the 
surrounding jaw, being governed by the changes in the 
soft but highly organized dental matrix, fills up the spaces 
unoccupied by the contracted and divided pulp, and affords, 
by its periosteum, a surface for the adhesion of the cement 
or Gasified capsule covering the completed part of the 
tooth. 

The matrix of certain teeth does not give rise, during 
any period of their formation, to the germ of a second 
tooth, destined to succeed the first. This, therefore, when 
completed and worn down, is not replaced ; all the true 
CetoLcea are limited to this simple provision of teeth. In 
the Armadillos, Megatherioids, and Sloths, the want of 
germinative power, as it may be called, in the matrix, is 
compensated by the persistence of the matrix, and by the 
uninterrupted growth of the teeth. In most other Mam- 
malia, the matrix of the first developed tooth gives origin 
to the germ of a second tooth, which sometimes displaces, 
sometimes takes its place by the side of, its predecessor 
and parent. All those teeth which are displaced by their 
progeny are called temporary, deciduous, or milk teeth 
(fig. 17, dz-d?, 4). The mode and direction in which 
they are displaced and succeeded, viz., from below up- 
wards in the lower jaw, in both jaws vertically, are the 
same as in the crocodile ; but the process is never repeated 
more than once in any mammiferous animal. A consi- 
derable proportion of the dental series is thus changed ; 
the second, or permanent teeth (fig, 17, f l-i?, 4), having a 
size and form as suitable to the jaws of the adult as the 
displaced temporary teeth were adapted to those of the 
young animal. 

The permanent teeth (fig. 17, m 1-m, 3), which assume 
places not previously occupied by deciduous ones, are 
always the most posterior in their position, and generally 
the most complex in their form. The successors of the 
deciduous incisors and canines differ from them chiefly in 
size. The successors of the deciduous molars may differ 
likewise in shape, in which case they have always less 
complex crowns than their predecessors. 
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The “bicuspids” in human anatomy, and the corre- Teeth of 
spending teeth called “ premolars” in the lower mammals, 
illustrate this law. 

The Mammalian class might be divided, in regard to 
the succession of the teeth, into two groups — the Mono- 
phyodonts^ or those that generate but one set of teeth, and 
the BipJiyodonts^^ or those that generate two sets of teeth. 

The Monophyodonts include the Cetacea and the Bruta 
(Edentata of Cuvier) ; all the other orders are Diphyodonts. 

The teeth of the Mammalia, especially of the Diphyo- Form, 
donts, have usually so much more definite and complex 
a form than those of fishes and reptiles, that three parts 
are recognised in them, viz. the “fang,” the “neck,” 
and the “crown.” The fang or root (radix) is the 
inserted part; the crown (corona) is the exposed part; 
and the constriction which divides these is called the neck 
(cervix). The term “fang” is properly given only to the 
implanted part of a tooth of restricted growth, which fang 
gradually tapers to its extremity ; those teeth which grow 
uninterruptedly have not their exposed part separated by 
a neck from their implanted part, and this generally main- 
tains to its extremity the same shape and size as the 
exposed crown. 

It is peculiar to the class Mammalia to have teeth Fixation, 
implanted in sockets by two or more fangs; but this 
can only happen to teeth of limited growth, and generally 
characterizes the malars and premolars ; perpetually 
growing teeth require the base to be kept simple and 
widely excavated for the persistent pulp (figs. 54 and 65). 

In no mammiferous animal does anchylosis of the tooth 
with the jaw constitute a normal mode of attachment. 

Each tooth has its particular socket, to which it firmly 
adheres by the close co-adaptation of their opposed sur- 
faces, and by the firm adhesion of the alveolar periosteum 
to the organized cement which invests the fang or fangs 
of the tooth. 

True teeth implanted in sockets are confined, in the Situation. 
Mammalian class, to the maxillary, premaxillary, and 
mandibular or lower maxillary bones, and form a single 
row in each. They may project only from the pre- 
maxillary bones, as in the Narwhal, or only from the 
lower maxillary bone, as in Ziphius ; or be apparent only 
in the lower maxillary bone, as in the Cachalot ; or be 
limited to the superior and inferior maxillaries, and not 
present in the premaxillaries, as in the true Euminants 
and most Bruta. 

The teeth of the Mammalia usually consist of hard Substance, 
unvascular dentine, defended at the crown by an invest- 
ment of enamel, and everywhere surrounded by a coat 
of cement. The coronal cement is of extreme tenuity 
in Man, Quadrumana, and terrestrial Carnivora; it is 
thicker in the Herbivora, especially in the complex grinders 
of the Elephant, and is thickest in the teeth of the Sloth, 
Megatherium, Dugong, Walrus, and Cachalot. Yertical 
folds of enamel and cement penetrate the crown of the 
tooth in the Euminants, and in most Rodents and Pachy- 
derms, characterizing by their various forms the genera 
of the last two orders; hut these folds never converge 
from equidistant points of the circumference of the crown 
towards its centre. The teeth of the quadrupeds of the 
order Bruta {Edentata^ Cuv.) have no true enamel ; this 
is absent likewise in the molars of the Dugong and the 
Cachalot. The tusks of the Narwhal, Walrus, Dinothe- 
rium, Mastodon, and Elephant, consist of modified dentine, 
which, in the last two great proboscidian animals, is pro- 
perly called “ ivory,” and is covered by cement. 

The Dolphins and Armadillos present little variety Kinds, 
in the shape of the teeth in the same animal, and this 


1 ^oi^og, once ; I generate ; odoug, tooth. 


2 twice ; and odovg. 
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Teeth of sameness of form is cliaracteristic of most of the Mono- 
phyodonts, in which, therefore, the teeth are not divisible 
into distinct kinds. 

In almost all the other Mammalia, particular teeth have 
special forms for special uses : thus, the front teeth, from 
being commonly adapted to effect the first coarse division 
of the food, have been called cutters or incisors;^ and the 
back teeth, which complete its comminution, grinders or 
molccrs ; large conical teeth, situated behind the incisors, 
and adapted by being nearer the insertion of the biting 
muscles, to act with greater force, are called holders, 
tearers, laniaries, or more commonly canine teeth, from 
being well developed in the dog and other Carnivora, 
although they are given, likewise, to many vegetable 
feeders for defence or combat; e. Musk-deer. Molar 
teeth, which are adapted for mastication, have either 
tuberculate, or transversely rigid, or flat summits, and 
usually are either surrounded by a ridge of enamel, or 
are traversed by similar ridges arranged in various 
patterns. Certain molars in the Dugong, the Mylodon, 
and the Zeuglodon, are so deeply indented laterally by 
opposite longitudinal grooves, as to appear, when abraded, 
to be composed of two cylindrical teeth cemented together, 
and the transverse section of the crown is bilobed. The 
teeth of the Glyptodon were fluted by two analogous 
grooves on each side. The large molars of the Capybara 
and Elephant have the crown cleft into a numerous series 
of compressed transverse plates, cemented together side 
by side. The modifications of the crown of the molar 
teeth are those that are most intimately related to the 
kind of food of the animal possessing them. Thus, in 
the purely carnivorous mammals, the molars are simple, 
trenchant, and play upon each other like scissor-blades. 
In the mixed feeding species, the working surface of the 
molars becomes broader and tuberculated ; in the insecti- 
vorous species it is bristled with sharp points ; and in the 
purely herbivorous kinds, the flat grinding surface of the 
teeth is complicated by folds and ridges of the enamel 
entering the substance of the tooth, the most complex 
forms being presented by the Elephants. 

Omitho. The substances serving for teeth in the anomalous Duck-mole or 

rhynclius. Platypus of Australia, are of a horny texture, consisting of close-set, 
vertical hollow tubes, resembling the outer compact tissue of baleen 
or “whalebone.’’ They are eight in number, four in the upper, and 
as many in the under jaw. The anterior tooth of the upper jaw (fig 
48, a) is extended from behind forwards, but is low, very narrow, 
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Jaws and Teeth, of the Flatypna, {Ornlthorhynohus fo-radoxus). 
and four-sided; the broadest side forms the base of attachmen 
and is slightly concave ; the outer and inner facets converge to 
serrated edge in the young Omithorhynchus, but becomes worn i 
the old animal, and forms the fourth side of the tooth. The coi 
respon(hng tooth in the lower jaw is rather narrower, and retain 
longer its^ trenchant edge. 

^ At a distance from the anterior tooth, equal to its own length i 
. si^ated the homy molar (J), which consists of a flattened plate of a 
oblong subquadrate figure.^ A slightly raised margin includes tw 
iMge concave surfaces, a little elevated above the intervening pai 
pt the gnnding surface. The corresponding tooth in the lower 
18 somewhat narrower, but of similar form. Each division or tuhercl 
ot the molar IS separately developed, and they become confluent i 

to the analysis of Lassaigne, 99' 
parts of the dental tissue of the Ornithorhynchus have me com 
gwteon of hom ; this is hardened by O'S parts of phosphate ( 


The notice of the dental apparatus of the Monotremes ought to Teeth of 
include mention of the two short and thick conical processes which Mammals, 
project from the forepart of the raised intermolar portion of the 
tongue, in the OrnitJiorhynclms ; which, like the more numerous spines 
on the corresponding part of the tongue of the Echidna, represent,' 
in these low-organized mammals, the lingual teeth of fishes. 

The teeth of the Orycterope, or Cape Ant-eater, are of a simple Order 
form, but peculiar structure ; their common number in the mature Bnita, 
animal is J:|=26 (fig. 49, A), and they all belong to the molar series. 



The anterior teeth are very small, and are not unfrequcntly wanting, 
or are concealed by the gum, especially the first in the upper jaw; 
the second tooth of the upper jaw is small, compressed, and obtuse; 
it opposes a similar one in the lower jaw ; the third and fourth 
molars increase in size, have an elliptical transverse section, and a 
triturating surface of two facets (fig. 49, JB); the fourth and fifth 
molars are the largest in the upper jaw, are of equal size, and have 
a longitudinal depression in their internal and external sides, giving 
their transverse section a bilobed or hour-glass figure ; the seventh 
molar is smaller and has the same simple figure as the fourth, 
(fig. 49, J?). The proportions of these teeth, the depth of their sockets, 
and their structure, as viewed in longitudinal section with the naked 
eye, are shown in fig. 60. The teeth are continued solid, and of the 



Section of Lower Jaw and Teeth of the Orycteroyus, Kat. size. 

same dimensions, to the bottom of the socket, and terminate by a 
truncate and undivided base. If each be viewed as an aggregate of 
teeth, as partially shown in fig. 15, it will bo found that the com- 
ponent denticle has its base^ excavated by a conical piilp-cavity, as 
in other animals, and wdiich is persistent, as in the rest of the order 
Bnita. The wide inferior apertures of these pulp-cavities constitute 
the pores observable on the base of the compound tooth of the 
Orycterope, and give to that part a close resemblance to the section 
of a cane. The canals to which these pores lead are the centres 
of radiation of the calciferous tubes of the denticle, (fig. 16) ; such 
denticles are cemented together laterally, slightly decreasing^ in 
diameter, and occasionally bifurcating as they approach the grind- 
ing surface of the tooth. The substance of the entire tooth thus 
resembles tbe teeth of the Myliohates and Ohimeeroids among fishes, 
rather than any true teeth in the Mammalian class, in which it 
offers a transitional step from the horny substitutes of teeth above 
described to the true teeth. 

The teeth of the Orycteropus^ when rightly understood, offer, how- 
ever, no anomaly or exceptional condition in their mode of develop- 
ment. _ Each denticle is developed according to the same laws, and 
by as simple a matrix as those larger teeth in other mammals, which 
consist only of dentine and cement. The dentine is formed by ossifica- 
tion of tbe capsule; both pulp and capsule continue to be reproduced at 
the bottom of tbe alwtolviB^parijpassu with the attrition of the exposed 
crown ; and the mode and time of growth being alike in each 
denticle, the whole compound tooth is maintained throughout the 
life of the animal. The augmentation in the size of the whole tooth, 
daring the growth of the jaw, is effected by the development of new 
denticles, and a slight increase of size in the old ones, at the base of 
the growing tooth, which, in the progress of attrition and growth, 
becomes its grinding surface. 

The teeth of the Armadillo-tribe are harder than those of any Genus 
other species of the order Bruta; but, as in all that order provided Dasypus* 
with teeth, they are wholly devoid of enamel. They consist, in 
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Teeth of both existing and extinct Armadillos, of three distinct substances, 
Mammals, of which the unvascular dentine is present in greatest proper- 
tion, and forms the main body of the tooth; but it includes a 
small central axis of vascular dentine, and is surrounded by an ex- 
tremely thin coating of cement. The teeth are more numerous 
in the Priodon — the largest of the existing Armadillos — ^than in 
any other land mammal ; but they are of very small size and simple 
form, and are all referable to tbe molar series (fig. 61). They vary 
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Teeth of the Lower Jaw of the Great Armadillo, (Priodon gigas). 
in number from twenty-four to twenty-six in each upper jaw, and 
from twenty-two to twenty-four on each side of the lower jaw, 
amounting to from ninety-four to one hundred in total number. 
They are compressed laterally, increasing in size, and especially in 
breadth, as they recede backwards, with oblique or horizontal flat 
grinding surfaces, and are continued of the same size and form to 
their implanted extremity, which is excavated by a large conical 
pulp-cavity. This absence of roots, and the undivided hollow base 
indicative of the constant growth of tbe tooth, are common not only 
to the teeth of the Armadillos, hut to those of all the known species 
of the order Bruta. 

In the Priodont the teeth, though so unusually numerous, are many 
of them separated by slight intervals ; those of the lower jaw oppose 
their outer sides to the inner sides of the upper teeth when the 
mouth is shut. 

The Armadillos of the sub-genus JEnpliractibS, Wagler, to which 
tbe term Dasypus is restricted by F. Cuvier, are distinguished by 
having the anterior tooth (fig. 52, i), which is shaped like the succeed- 



Sloths. 


Pig. 52. 

Jaw teetli of the weasel-headed Armadillo, (Basypvs Q-einctus)* 

ing molar, implanted in the premaxillary bone. The two anterior 
teeth of the lower jaw being in advance of the premaxillary tooth, 
are, with it, arbitrarily held to be incisors ; 
they are compressed, but are terminated by 
obtuse crowns. Tbe rest of the series, from 
which the incisors are not separated by any 
remarkable interval, gradually increase in 
size to tbe penultimate molar ; they have 
the same alternate position and obliquely- 
worn grinding surfaces as in the TatusioB. 

Some species of the extinct loricate genus, 
Glyptodon^ surpassed the Rhinoceros in size, 
and the dentition of the genus was more com- 
plicated, and more adapted to a vegetable 
diet, than that of the small existing Armadillos. 
The total number of teeth in the Glyptodon 
has not yet been determined. A fragment 
of tbe anterior part of tbe lower jaw shows 
that the teeth extend close to the symphysis, 
and therefore indicates their presence in the 
premaxillary bones above. 

The single tooth (fig. 53), on which the 
generic character of the Glyptodon was 
founded,^ is long, rootless as in the exist- 
ing Armadillos, but compressed laterally, 
and divided by two deep angular, longitu- 
dinal, and opposite grooves on each side, 
into three plates, which give the grinding 
surface the form of as many rhomboid^ 
lobes. In the Glyptodon the osteo-dentine 
(fig. 53, o) occupies a larger proportion of 
the centre of the tooth than in the^ small 
Armadillos ; it is harder than the dentine (d) 
or cement (c), and rises upon the grinding 
Tig. 53. surface, in the form of a ridge extending 

Tooth of great extinct Anna- along the middle of the long axis of that 
dillo, (Glyptodon clavipes), and in three shorter ridges at right 

angles to the preceding, at the middle of each of the three rhomhoidal 
divisions of the tooth. , 

Of the leaf-eating species of the order Bruta, very few, and these 



the most diminutive of the tribe, now exist. They are called Sloths, Teeth of 
or Tardigrades, from their inability to move otherwise than slowly Mamm^ 
and with difficulty on the ground ; but they are excellent climbers, for 
wbicb their organization especially befits them. 

The following are the common and constant characters of the 
dentition of the phyllophagous BTuta^ both recent and extinct 
Teeth implanted in the maxillary and mandibular bones, few in 
number, not exceeding ; composed of alar^e central axis of vaso- 
dentine, with a thin investment of hard dentine, and a thick outer 
coating of cement. To these, of course, may be added the dentw 
cWracters common to the order Brubta^ viz., uninterrupted growth 
of the teeth, and their concomitant implantation by a simple, deeply- 
excavated base, not separated by a cervix from the exposed summit 
or crown. 

The dental formula of the genus Bradypus is — i §; eg; 

18. Dr Brandt® has described and figured the skull of a young Ai, in 
which a very small tooth preceded 
the compressed one on each side 
of the lower jaw, rendering the 
number of teeth equal to that in 
the upper jaw. In the two-toed 
sloth {GhotoBpus didactylus, lUig ) 
the teeth (fig. 64) offer a greater 
inequality of size than has yet 
been observed in any other genus 
of Bruta; the first of each series, 
a, in both jaws, which in the rest 
of the order is the smallest, here 
so much exceeds the others as, 
with its peculiar form, to have re- 
ceived the n ame of a canine . This 
tooth is separated by a marked in- 
terval from the other teeth, espe- 
cially in the upper jaw, so that those 
above play upon the anterior part 
of those below, contrary to the 
relative position and mutual action 
of the true canine teeth in the 
Qtiadrumana and Carnivora. 

They are of a triedral form, .with 

the margins of the obliq[ue abraded surface leading to the point, ^ 
trenchant. The second tooth of the upper jaw (h) is the smallest ot 
the series. The third (c) and fourth (a) molars are a little larger, 
and have two abraded surfaces which converge to the median ridge. 

The fifth molar (e) is tbe smallest, and has an oblique grinding sur- 
face. In each tooth the ridge is formed b^ tbe hard dentine, and is 
interrupted in the middle by an excavation of the soft dentine. 

The second, third, and fourth teeth of the lower jaw correspond in 
size and shape with the third and fourth above ; and like the small 
upper molars, are separated by short intervals ; the last is the smallest 
and most curved. ^ . o • 

The teeth of the Sloths consist of a central axis of vaso-dentino 
(fig. 9, v), occupying rather more than half the thickness of the tooth, 
which is inclosed by a wall of unvascular dentine (d)j and this by one 
of cement (c) of less thickness than the layer of hard dentine. 



Fig. 64. 

Teeth of the two-toed Sloth (CholcepuSt 
didactylus). 



Fig. 65. 

Section of Tipper Jaw aad Teeth of the Megatherium. 


One-thud nat size. 


The teeth of the Megatherium, the most gigantic of the extinct 


^ Geological TransactionSy 2d Series, vol. vi. p. 81-86. 
VOL. XVI. 


® Bissertatio Zoohgka inauguralis de Tardigradls, 4:to, 1828, p. 31, pi. 2, figs. 6 and 6. 
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Lower Jaw and Teeth of 
Kegathenum. 
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Teeth of quadrupeds of the Sloth tribe, are fire in number on each side of the 
hlammalau upper jaw (fig. 55), and four on each side of the lower jaw (fig. 56). 

J V & closely arranged, and 

longer, and more deeply implanted, than 
in the smaller Megatherioids, e. g.^ Myh- 
don, Megalonyx, etc. They present a 
more or less tetragonal figure, and have 
tlie grinding surface traversed by two 
transverse angular ridges. Fig. 65 ex- 
hibits a longitudinal section of the five 
molars of the upper jaw, in sit% and 
demonstrates the great extent of the 
implanted part of the tooth ; the natural 
length of the series of five grinders is 
ten inches. 

Each molar tooth of the Megatherium 
is excavated by an unusually extensive 
conical pulp-cavity (p), from the apex 
of which a fissure is continued, to the 
middle depression of the grinding sur- 
face of the tooth (r). The central axis 
ol vaso-dentine (a) is surrounded by a 
thin layer of hard or unvascular dentine 
(d), and this is coated by the cement (c c), 
which is of great thickness on the ante- 
rior and posterior surfaces, hut is thin 
where it covers the outer and inner sides 
of the tooth. The vaso-dentine (fig. 67, v) 
is traversed throughout by medullary 
canals, measuring of an inch in 
diameter, which are continued from the 
pulp-cavity, and proceed, at an angle of 
50®, to the plane of the hard dentine, 
parallel to each other, with a slightly 
undulating course, having regular interspaces equal to one diameter 
and a half of their own area, generally anastomosing in pairs by a 
loop (I i), the convexity of which is turned towards the origin of 

the tubes of the hard dentine, 
forming a continuous reflected 
canal. The loops are situated 
near, and for the most part close 
to, the hard dentine (a). In a 
few places one of the medullary 
canals may be observed to ex- 
tend across that tissue. 

The cement (fig. 67, c) is cha- 
racterized by the size, number, 
and regularity of the vascular or 
medullary canals (m) which tra- 
verse it. They present the 
diameter of ttuu of an inch, are 
separated by intervals equal to 
from four to six of their own 
diameters. Commencing at the 
outer surface of the cement, they 
traverse it in a direction slightly 
inclined from the transverse axis 
towards the crown of the tooth, 
running parallel to each other; 
they divide a few times dichoto- 
mouslyintheircourse; andfinally 
anastomose in loops, the con- 
vexity of which is directed to- 
wards, and in most cases is in 
close contiguity with, the hard 
dentine (d). I^ne tubules are 
sent off, generally at right an- 
gles from the medullary canals, 
which quickly divide and sub- 
divide, ibrm anastomosing reti- 
culations, and communicate free- 
ly with the similar tubes that 
radiate from the calciferous cells 
of the intervening tissue (r). 

The tooth of the Megatherium 
thus offers an unequivocal ex- 
ample of a course of nutriment from the dentine to the cement, and reci- 
procally. In the structure which the fossil teeth of the Megatherium 
and its extinct congeners clearly demonstrate, we have striking evi- 
dence of their rich organization, and that they were once pervaded 
or vital activity. All the constituents of the blood freely circulated 
tliTough the vascular dentine and the cement, and the vessels of each 
substance, intercommunicated by a few canals, continued across the 
hard or unvascular dentine. 

With respect to those minuter tubes, the more important as being 
more immediately engaged in nutrition, which pervade every part of 
the tooth, characterizina: bv their difference of length and course the 



Tig. 67. 

Highly magnified Section of the Dental 
Tissues, Megatherium. 


three constituent substances, they form one continuous and freely Teeth of 
intercommunicating system of strengthening and reparative vessels, Mammals, 
by which the plasma of the blood was distributed throughout the 
entire tooth, for its nutrition and maintenance in a healthy state. 

The grinding surface of the close -set molars of the Megatherium 
differs, on account of the greater thickness of the cement on their 
anterior and posterior surfaces, from those of all the smaller Mega- 
therioids, in presenting two transverse ridges (fig. 56, d), one of the 
sloping sides of each ridge being formed by the cement (fig. 65, c), 
the other by the vascular dentine (fig. 55, v), whilst the unvascular den- 
t‘ne (d), as the hardest constituent, forms the summit of the ridge like 
the plate of enamel between the dentine and cement in the Elephant’s 
grinder. The great length of the teeth, and concomitant depth of 
the jaws, the close-set series of the teeth, and the narrow palate, are 
also strong features of resemblance between the Megatherium and 
Elephant in their dental and maxillary organization. In both these 
gigantic phyllophagous quadrupeds, provision has likewise been 
made for the maintenance of the grinding machinery in an effective 
state throughout their prolonged existence ; but the fertility of the 
creative resources is well displayed by the different modes in which 
this provision has been effected ; in the Elephant, it is by the forma- 
tion of new teeth to supply the place of the old when worn out ; in 
the Megatherium, by the constant repair of the teeth in use, to the 
base of which new matter is added in proportion as the old is worn 
away from the crown. Thus, the extinct Megatherioids had both the 
same structure and mode of growth and renovation of their teeth as 
are manifested in the present day by the diminutive Sloths. 

Those cetaceous Mammals which are properly called “Whales” -vriaies. 
have no teeth, but horny substitutes in the lorm of plates, ter- 
minating or fringed by bristles. Of these plates, called “ Baleen” 
and “Whalebone,” the largest, which are of an equilateral tri- 
angular form, are arranged in a single longitudinal series on 
eamx side of the upper jaw, situated pretty close to each other, 
depending vertically from the maxillary bones, with their flat surfaces 
looking backwards and forw^ards, and their unattached margins out- 
wards and inwards, the direction of their interspaces being nearly 
transverse to the axis of 
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the skull. The smaller 
subsidiai^ plates are 
arranged in oblique series 
internal to the marginal 
ones . Thus, if the upper 
jaw of one side of the 
skull of a Whale were 
bisected transversely, the 
flat surface of a series of 
the baleen-plates would 
he exposed, as in fig. 58, 
in which a is the supe- 
rior maxillary bone, 5 
the ligamentous gum giv- 
ing attachment to c, the 
homy base and body of 
the chief baleen-plate, 
which terminates in d, 
the fringe of bristles ; e 
marks the smaller baleen- 
plates. 

The base of each plate 
is hollow, and is fixed 
upon a pulp developed 
from a vascular gUm, 
which is attached to a 
broad and shallow de- 
pression occupying the 
whole of the palatal sur- 
face of the maxillary and 
of the anteriorpartof the 
palatine hones, the Whale 
being thus, like Echidna, 
an example of a mam- 
malian animal, which may 
be said to have palatal teeth. ^ The base of each plate is unequally im- 
bedded m a compact sub-elastic substance (5), which is so much deeper 
on the outer than on the inner side, as, in the new-born whale, to include 
more than one half of the outer margin of the haleen-plate. This 
margin is shown at c (fig. 68), and is continued downwards in a line 
dropped nearly vertically from the outer border of the jaws. The 
inner margin of each plate (d) slopes obliquely outwards from the base 
to the extremity of the preceding margin ; the smaller plates decrease 
in length to the middle line of the palate, so that the form of the 
haleen-clad roof of the mouth is that of a trausverse arch or vault, 
against which the convex dorsum of the thick and large tongue is 
applied when the mouth is closed. Each plate sends off from its 
inner and oblique margin the fringe of moderately stiff hut flexible 
hairs, which project into the mouth. 

The direction of the plates is not quite transverse at every part of 



Fig. 68. 

Section of Upper with Balcen-plates, of a 
whale (Jjaianoptera). 
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Teeth, of the series ; the inner border is turned rather forwards in the anterior, 
Mammals, and obliquely backwards in the posterior plates; and the inner 
margin at the basal part of the posterior plates is slightly curved 
towards the back part of the mouth, to which the bristly terminations 
of these parts of such plates are directed, thus presenting an additional 
obstacle to the esca|De of the small marine animals,' for the prehension 
and detention of which this singular modification of the dental system 
is especially adapted. The baleen-pulp is situated in a cavity at 
the base of the plate, like the pulp of a true tooth ; whilst the exter- 
nal cementing material maintains, both with respect to this pulp and 
to the portion of the baleen-plate which it developes, the same relations 
as the dental capsule bears to the tooth. According to these analogies, 
it must follow, that only the central fibrous or tubular portion of the 
haleen-plate is formed, like the dentine, by the basal pulp, and that 
the base of the plate is not only fixed in its place by the cementing 
substance or capsule, but must also receive an accession of horny 
material from it, as Hunter first indicated ; this material answers to 
the cement of true teeth. 

Mr Scoresby, who in his account of the Balcena mysticetus, notices 
only the lai*ge marginal plates, states that they are about two hundred 
in number on each side ; the largest are from ten to fourteen feet, 
very rarely fifteen feet, in length, and about a foot in breadth at their 
base ; these plates are overlapped and concealed by the under lip 
when the mouth is shut. 

In the JBalcenopteros or fin-hacked whales (fig. 58), the baleen- 
processes (e), internal to the marginal plates, are fewer and smaller 
than in the Balcence, the mar^nal plates (c) are more numerous, 
exceeding three hundred on each side ; they are broader in proportion 
to their length, and much smaller in proportion to the entire animal ; 
they are also more bent in the direction transverse to their long 
axis. As in the true whales, each plate of baleen consists of a central, 
coarse, fibrous substance, and an exterior, compact, fibrous layer, 
beyond which the central part projects in the form of the fringe of 
bristles. 

A thin transverse section of baleen, viewed with a low magnify- 
ing power, demonstrates that the coarse fibres, as they seem to 
the naked eye, which form the central substance, are hollow tubes 
with concentric laminated walls. When a high magnifying power 
is applied to such a section, the concentric lines are shown not to he 
uniform, hut interrupted here and there by minute elliptical dilata- 
tions, which are commonly more opaque than the surrounding 
substance, and which, like the radiated cells of true hone, are probably 
remains of the primitive cells of the formative substance; similar 
long elKptioal opaque bodies or cells are dispersed irregularly through 
the straight parallel fibres of the dense outer laminae of the baleon- 
plate. 

The chemical basis of baleen, according to Brandt, is albumen 
hardened by a small proportion of phosphate of lime, 
fiytioa. The singular armature of the palate and lower jaw, in the 

Bytina^^ or Arctic Dugong, likewise falls within the present category. 
According to Steller,* this marine animal has no true teeth, hut 
only two large whitish dental masses, one adhering to the palate, 
the other to the opposed part of the lower jaw. They are not im- 
planted by gomphosis, but adhere by numerous pores to correspond- 
ing papillae of tne membrane covering the palate and lower jaw ; 


besides which, the palatal tooth is fixed at the sides of its anterior 
part to furrows in the lining membrane of the thick lip. The free 
surface of the dental mass is sculptured by undulating grooves and 
risings, adapted to corresponding inequalities in the opposite mass. 

Dr Brandt has shown by later and more minute examination of 
the problematical teeth of the Bytina, deposited by SteUer in the 
Petersburg collection, that their texture is horny, consisting of minute 
hollow fibres, placed vertically to the plane of the grinding surface 
of the tooth, but of unusual density. Thus the dentition of the 
Rytina closely resembles that of the OrnitTwrhynchus in both the tex- 
ture and implantation of the teeth, which will probably he found to 
contain a similar or greater proportion of osseous matter. M. F. 


Foetal 

Whales, 


Cuvier has suggested that the above - described plates may be 
analogous in position, as in texture, to the horny covering of the 
opposed surfaces of the deflected portions of the upper and lower jaws 
in the Dugong. 

The true whales {BalcenidcB), before they acquire their peculiar 
array of baleen-plates, manifest in their foetal age a transitory con- 
dition of a true dental system, which, though abortive and functionless, 
beautifully typifies that which is normal and persistent in the 
majority of the order. 

In an open groove (fig. 59, a) which extends along the alveolar 
border of Doth the upper and the lower jaws, there is a series of 


minute, conical, acute, or obtuse denticles, (fig. 59, 1-7), with hollow Teeth of 
bases inclosing the uncalcified remains of a vascular })ulp. In the Mammals, 
foetus of a Bcdc&noptera, the jaws of which were about four inches 
ill length, the unclosed alveolar groove of the upper jaw contained 
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Transitory Denticles of Foetd TATiale. 
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Fig. 59. 

Extremity of Lower Jaw of a Foital Whale, with the Denticles. Nat. size, 
twenty-eight such denticles, that of the lower jaw forty- two. The 

anterior denticles in both jaws were the smallest ; but they increase 
in size more gradually, and maintain a greater regularity of form in 
the lower jaw, where they are also most numerous, and in which the 
typical dentition of the carnivorous cetaceans manifests its plenary 
development in the great Cachalot. 

Fig. 60 exhibits three of the transitory teeth of a fcetal Whale : one 
is simple, with the lang contracted 
to a point by the diminution and 
cessation of growth ; the next tooth 
shows two fangs; and the third, 
more plainly, the origin of its double 

character to two contiguous and partly confluent tooth-germs. 

These small teeth and their matrices disappear before birth ; yet 
the festal Whale comparatively long retains and pal jiably exemplifies 
the earliest stage of dental development in the higher Mammals, 
viz., the open fissure which in these is so rapidly closed, especially 
in the human subject. But beyond this stage, the true dentition of 
the Balcenidce is not destined to proceed, and Sey thus manifest, agree- 
ably with the general laws of unity of organization, their closest 
relations to the typical characters of their order at the early periods 
of development — divesting them- 
selves of part of the more general 

type, in order to assume their special ' i/ 

and distinctive characters, as they 
advance towards maturity. 

Th e g reat Bottle -nose or bi- 
dent Whale offers a transitional 
grade between the true Whales 
and the typical 2)elphimdc&. The 
palate is said to be beset with 
small, unequal, pointed, callous pro- 
tuberances, which Cuvier conjec- 
tures to be rudimental baleen-plates. 

The fcetal denticles do not all perish, 
but two or three of the anterior pairs Lower Jaw, with the Teeth, of 

acquire a large size as compared ifperoo on t eits. 

with their transitory representatives in the Bolcenidce — and one of 
these pairs is long retained in the lower jaw, though functionless, 
and hidden by the gum. 

These teeth are figured, as seen, when the gum has been re- 
moved, at the extremity of the lower jaw of the Syjperoodon, in cut 
61, 5. They are conical, slightly curved, with an unusually sharp 
and slender apex, tipped by enamel. Though loose in their sockets, 
they project so little from them, and have such wide bases, that they 
are retained in situ, and do not fall out in the dried jaw ; two smaller 
cavities (fig. 61, a) in front, and the remains of a larger socket in the 
alveolar groove, behind the retained teeth, attest the former presence 
of other teeth. Mr. Thompson of Belfast ® has figured the lower jaw 
of a Hyjperoodon with two small teeth on each side, near the sym- 
physis ; they were concealed by the gum, and so hidden in ^ the 
sockets, as not to be visible in a side view of the jaw. The animal 
was a male, and twenty-three feet long ; the first tooth was seven 
and a half lines from the end of the jaw ; the second tooth was one 
and a half inch distant from the first. 

In the Narwhal {Monodon monoceros), two of the primitive dental Monodon. 
germs at the forepart of the upper jaw proceed in their development 
to a greater extent than do those in the lower jaw of i\\e Hyperoodon; 
but every other trace of teeth is soon lost. The two persistent 
matrices rapidly elongate, but in the retrograde direction, forming a 
long fang rather than a crown ; each tooth sinks into a horizontal 
alveolus of the premaxillary bone, or, rather, at the junction of the 



^ Clio iorealisj LiTnacina arctica, and small pelagic Crustacea. Before the naturalists of the Arctic expeditions had determined the nature of 
the food of the time balsenae, John Hunter had stated, “ I do suppose the fish they catch are small when compared with the size of the mouth.” — On 
the Structure and Economy of Whales.”— FAiV. Trans. 1787, p. 397. ... ..... 

® “ Masticationem absolvant prseter normam omnium animallum, non dentibus, quibus in universum carent, sed duohus ossilus validis, candidis^ 
seu dentium integris massis, quarum una palato, altera maxillae inferiori, infixa et huic opposita est. Insertio ipsa, sen connexio prorsus insolita, 
nec ulla prorsus nomine exprimi potest, gomphosin vocare non licet ob id, quod ossa non infiguntur maxillis, sed multis papillis et poris, poris et 
papillis reciprocis, palati et mandibulae inferioris recipitur. Ossa base molaria subtus multis foraminulis pertusae, velut netricuoi digitale yel spongia, 
quibus arteriae et nervuli eodem modo ut dentibus animalium inseruntur, superna parte glabra sunt.”— Commentur, PstrqpoUti vol, ii. p. 302. 

* Annals of Natural EUiory^ March 1846, pi. a. 
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Teeth of premaxillaiy with the maxillary, and soon, by the forward growth of 
Mammals, these bones, becomes wholly inclosed, like the germs or the teeth ot 
the higher Mammalia at their second stage of development. In the 
female Narwhal, the pnlp is here exhausted, the cavity of the tooth 
is obliterated by its ossification, further development ceases, and the 
two teeth remained concealed, as abortive germs, in the substance of 
the jaws for the rest of life, so that in the skeleton a section of the 


skull must be made in order to display them, as in fig. 61, B. In the Teeth of 
male Narwhal, (fig, 61, a) the matrix of the tooth in the left pre- Mammals, 
maxillary bone continues to enlarge ; fresh pulp material is progres- 
sively added, which by its calcification elongates the base, protrudes 
the apex from the socket, and the tusk continues to grow until it 
acquires the length of nine or ten feet, with a basal diameter of four 
inAes. This is that famous “horn” which figures on the forehead 



Base of Skulls of Male and Female Narwhal, with the Tusks and Lower Jaw. 


of the heraldic unicorn, and so long excited the curiosity and con- 
jectures of the older naturalists, until Olaua Wormius made an end 
of the speculative and fabulous “ monocerologies,” by the discovery 
of the true nature of their subject ; whilst Anderson ^ in the year 
1736, took advantage of the accident of the stranding of a Narwhal 
at the mouth of the Elbe, to communicate to the zoological world an 
accurate figure of the animal which bore the supposed single horn. 
Linnaeus has embalmed the old idea of this weapon in the binomial 
Monodon monoceros^ under which the Narwhal is entered in the 
jSysterm Naturm. 

The exterior of the long tusk is marked by spiral ridges, which 
wind from within forwards, upwards, and to the left. About fourteen 
inches is implanted in the socket ; it tapers gradually from the base 
to the apex. The pulp-cavity, as shown in the longitudinal section 
of the tusk, ^iven in fig. 62, is continued nearly to the extreme point, 
hut is of vanable width ; at the base it forms a short and wide cone ; 
it is then continued forwards, as a narrow canal, along the centre of 
the implanted part of the tooth, beyond which the cavity again 
expands to a width equalling half the diameter of the tooth ; and 
finally, but gradually, contracts to a linear fissure near the apex. 

Thus, the most solid and weighty part of the tooth is that which 
is implanted in the jaw, and nearest the centre of support, whilst the 
long projecting part is kept as light as might be compatible with the 
uses of the tusk as a weapon of attack and defence. The portion of 
pulp, in which the process of the calcification has been arrested, 
receives its vessels and nerves by the fissure continued from the basal 
expansion of the pulp-cavity. 

In a few instances, both tusks have been seen to project from the 
jaw. In the cranium of such a Narwhal, figured by Albers, the right 
tusk projects only six inches from the socket, is proportionally slender, 
and is smooth. 

With regard to the conjectured ulterior use of the concealed tusk 
(fig. 62 , a), in the male,^ as a potential substitute, in the event of the loss 
of the large tnsk, a conjecture more than once repeated by writers since 
first proposed by Reisel, the solidity of the concealed tusk, and its 
distorted and generally-closed base, evince that the term of its growth 
has expired. 

In the D^^Jiinus grtsBus, the dentition of the upper jaw is transi- 
tory, as in Myigeroodon, hut at least six pairs of teeth rise above the 
gum, and acquire a full development at the forepart of the lower 
jaw. ^ The crowns of these teeth soon become obtuse, and even their 
duration is limited, for the specimen described by M. E. Cuvier* had 
but two teeth on each side of the lower jaw. A Dolphin, perhaps an 
aged individual of this species, has been lately described with the 
dentition reduced to two teeth in the lower jaw. 

Ehyseter. The outward and visible dentition of the great Sperm-whale or 
Cachalot {Physeter 7n,a^Toc6ph(tlus) is confined to the lower jaw. 
The series consists in each ramus of about twenty-seven sub- 
incurved, conical, or ovoid teeth, according to their state of develop- 
ment and usage ; the smallest teeth are at the two extremes of the 
senes. ^ the young Cachalot they are conical and pointed ; usage 
soon renders them obtuse, whilst progressive growth expands and 
^ a fang, which then contracts, and is finally 

solidified ard terminated obtusely. The teeth are separated by 


intervals as broad as themselves. In respect of their mode of 
implantation in the jaw, they offer in the Cachalot a condition interme- 
diate between that of the teeth of 
the extinct cetaceous-like IchtJiyo- 
saurus, and of those of the pis- 
civorous Ddphinus, They are 
lodged in a wide and moderately- 
deep groove, imperfectly divided into 
sockets, the septa of which reach 
only about half-way from the bottom 
of the groove. These sockets arc 
both too wide and too shallow to 
retain the teeth independently of 
the soft parts, so that it commonly 
happens, when the dense semi-liga- 
mentous gum dries upon the bone, 
and is stripped off in tLat state, that 
it brings away with it the whole 
series of the teeth like a row of 
wedges half driven through a strip 
of hoard. A firmer implantation 
would seem unnecessary for teeth 
which have no opponents to strike 
against, but which enter depres- 
sions in the opposite gum when the 
mouth is closed. That gum, how- 
ever, conceals a few persistent 
specimens of the primitive fcetal 
series of teeth ; these (of which one 
is shown at the upper part of 
fig. 63) are always much smaller 
and more curved than the func- 
tional teeth of the lower jaw, of 
which a section is given in the same 
cut. 

^ There is a well-marked sexual 
distinction in the size of the jaws of 
the Physeter macroceplialus. those Rudimcntal Tipper Tooth, and Section of 
ftf a >\inctionar Lower Tooth of the Ca- 

of the mature female being rela- {physeter macroei^hiilus). 



Fig. 63, 


lively shorter by full one-third than 
in the male. There are usually twenty-three teeth in each ramus 
of the lower jaw of a full-sized female Cachalot. 

^ The first-formed extremity of the tooth in the young Cachalot is 
tipped with enamel ; when the summit of the crown has been abraded, 
the tooth consists of a hollow cone of dentine (fig. 63, ^), coated by 
cement (c), and more or less filled up by the ossified pulp (o). Irre- 
gular masses of this fourth substance have been found loose in the 
pulp-cavity of large teeth. The external cement is thickest at the 
junction of the crown and base, which are not divided by a neck. 

The permanent or mature dentition of the Beluga {DelpUinus Delphinta. 
hyrns, Pall), though scanty, is more normal than in the Physeter, 
nine functional teeth being retained on each side of the upper jnw, 
and eight in each ramus of the lower jaw. They present the form 
of straight snheompressed obtuse cones. The DelpUnus globiceps^ 


’ Cited ly Cuvier in his Ossemens FossHes, tom. v. pt. i. p. 319. 

* Penis de MammiferSt p. 243. It was eleven feet m length, and captured at Brest. 
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Teeth of ■which has xf tyf ~ 52, strong, conical, and pointed teeth in the 
Mammals, vigour of its age, begins soon after to lose them, and in old indi- 
viduals none remain in the upper jaw, and not more than eight or 
ten are preserved in the lower jaw ; those at the anterior part of the 
jaws last longest, and their summits are received in cavities in the 
upper jaw, or the gum covering it, when the mouth is shut. 

The most formidable dentition is that of the predaceous Grampus 
{PhoccBTia orca\ whose laniariform teeth are as large in proportion 
to the length of the jaws as in the crocodile ; they are in number 
all fixed in deep and distinct sockets, separated by 
interspaces which admit of the close interlocking of the upper and 
lower teeth when the mouth is closed ; the longest and largest teeth 
are at the middle of the series, and they gradually decrease in size 
as they approach the ends, especially the posterior one ; the short- 
ness of the anterior teeth is in great part due to the wearing down 
of the sharp summits, which are best preserved in the small posterior 
teeth; the position of the bruising and piercing teeth being the 
reverse of what commonly obtains. 

The tooth continues to expand below the enamelled crown to the 
middle of the fang, which is three times the length, or more, of the 
crown ; it then gradually diminishes to a truncated base, more or 
less excavated, according to the age of the tooth. The expanded 
ventricose fang is subcompressed and fiattened at the sides. A worn 
tooth of an old Grampus much resembles the canine of the Ursus 
sjoelcetts ; but the long ventricose fang of that is flattened only on one 
Bide, is convex at the other, and the pulp cavity is obliterated long 
ere the crown is worn down ; the base of the enamel is more evenly 
circular, less oblique from the convex to the concave side of the 
crown ; the fang in the Grampus is marked by many wavy transverse 
lines of growth. 

In the common Dolphin the number of teeth amount to 190, 
arranged in equal numbers above and below, and there is a pair of 
teeth in the premaxillaries which are toothless in the other Cetacea. 
They Lave slender, sharp, conical, slightly incurved crowns, and 
diminish in size to the two extremes of the dental series ; the acute 
apices are longer preserved than in the foregoing species. 

The teeth of the common Porpoise {Fhoccena vulgaris)^ are 
arranged in equal number on each side of both upper and lower jaws, 
and are from 80 to 92 in number ; the crown is slightly expanded 
and compressed, and the fully-formed fang is recurved and enlarged 
at its extremity. 

The Gangetio Dolphin {Platanista gangetim) differs from the rest of 
the Ddphinidce scarcely less in the form of its teeth than in that of 
the jaws. IBoth the upper and lower maxillary bones are much 
* elongated and compressed ; the symphysis of the lower jaw is co- 
extensive with the long dental series, and the teeth rise so close to 
it, that those of one side touch the others by their bases, except at 
the posterior part of the jaw. The lateral series of teeth are similarly 
approximated in the upper jaw at the median line of union, which 
line is compelled, by the alternate position of the teeth, to take a 
wavy course. 

There are thirty teeth on each side of the upper jaw, and thirty-two 
on each side of the lower jaw. In the young animal they are all 
slender, compressed, straight, and sharp pointed, the anterior being 
longer than the posterior ones, and recurved. Contrary to the rule 
in ordinary Dolphins, the anterior teeth retain their prehensile 
structure, while the posterior ones soon hs-ve their summits worn 
down to their broad bases. 

The most remarkable change that occurs in the progress of growth 
is the antero-posterior expansion, as well as elongation of the 
implanted base of the tooth, which likewise has its outer surface 
augmented by longitudinal folds or indentations, analogous to, hut 
weaker than, those in the base of the teeth of the Sauroid fishes. 
Sometimes the posterior tooth of the Platanista has the base divided 
into two short fangs — ^the sole example of such a structure which I 
have met with in the existing carnivorous Cetacea. 



Develop- 

ment. 


at no period entirely enclosed in a bony cell ; in which respect the Teeth of 
Cetacea offer an interesting analogy to true fishes. Mammals. 

The Cetacea permanently represent that early embryonic stage 
when no cervical constriction divides the large head from the trunk, 
aud when the rudimental limbs offer no outward marks of joints or 
digits ; they likewise retain a preponderating proportion of brain, 
and manifest for a long period, and on a magnified scale, the first 
stages in the development of teeth. 

"^en, by the increasing depth of the jaw, and the reciprocal 
elongation of the tooth, its base or fang becomes supported by bone 
(fig. 64, 5), a longer time than usual elapses before the alveolus is 
completed by the development of transverse partitions between the 
outer and inner walls of the open groove ; and in the meanwhile the 
teeth are lodged, like those of the Ichthyosauri^ in a common and 
continuous bony cbannel. In tbe Delphinidce the teeth are succes- 
sively developed, from before backwards, and pass through all their 
stages of growth in that order of position — ^the anterior ones having 
their fangs and alveoli completed, whilst the posterior teeth are lodged 
in a common groove, or may be supported at the hack part of the 
series by the gum only, as at a. When the formation of tbe entire 
series of teeth approaches its completion, the Dolphin resembles the 
Alligator in having the anterior teeth lodged in sockets, and the 
posterior teeth in an alveolar groove. In the Cachalot the large 
middle teeth of the series are the last to have the fang solidified. 

The conversion of the last remnant of the pulp produces the irregular 
hone-like deposit in the centre of the tooth, and closes up the 
lower aperture — one or two minute canals for the nutrient vessels 
being usually left. The mass of this fourth central substance is 
greatest in the Cachalot (fig. 63, o), in which tbe process sometimes 
commences at an independent centre, and proceeds centrifugally, as 
in ordinary ^ ossification, giving rise to the detached stalactitic 
masses occasionally found loose in the unclosed pulp-cavity of large 
teeth. 

The remains of a gigantic animal discovered in a tertiary forma- ZeuglotioiL 
tion in the State of Louisiana, and originally interpreted to belong 
to the class of reptiles with the name of jBasilosavrus,^ having pre- 
sented, in both portions of upper and lower jaws, teeth implanted by 
a double fang in deep sockets, the writer demonstrated from this 
character, and the microscopic structure of the teeth, both the mam- 
malian nature and cetaceous affinities of the species, and proposed 
for it the name of Zeuglodon, or yoke-tooth.® The crowns of the 
large posterior teeth are sub-compressed and conical, with an obtuse 
apex. The upper part of the crown has its anterior and posterior 
margins strongly serrated (fig. 65). The crown is contracted from 



rig. 06. 

Decidnotis and Feimanent Teetk of the Zeuahion. 
side^ to side in the middle of its base, so as to give its transverse 
section an hour-glass form (fig. 66) ; and the opposite wide longitu- 


jl'ig. 64. 

Secfion of Jaw and Teeth of a Dolphin {Del^Unus delphis). 

The primitive seat of the development of^ the tooth-matrix in 
the vascular membrane or gum (fig. 64, a) lining an open groove 
on the alveolar border of me maxillary hones (oj, is maintained 
much longer in the Cetacea than in the highest organized Mam- 
malia; a greater proportion of the tooth is also developed before 
the matrix sinks into, or is surrounded by a bony alveolus ; and, 
■with the exception of the rudimental tusks in the Narwhal, is 



Ti’ansverse Section of a Tooth of the Zeughdon. Nat. size, 
dinal grooves which produce this form, become deeper as the cro'wn 
approaches the socket, and at length meet and divide the root of the 
tooth into two separate fangs. The anterior teeth have a single 
root, and are somewhat smaller than the posterior ones; the crown 
is sharp-pointed, conical, slightly recurved and laterally compressed, 
the transverse section of the base forming an ellipse. 


^ Harlan, Medical and Physical PesearckeSf 8vo, 1835. Prof. R. Grant, in Thomson’s British 'Annual for 1839. 
* Transactions of the Geological Society of London, 2d Series, vol. vi. 
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L of a species of tbis genus were figured by Scilla. in, bis 
Oorporihus Marinis, 4°, 1747, tab. xii. fig. 1. 


Teeth of T*he teeth 

Mammals, work De Corporihus ^ ^ rr i j 

have been ascribed, since the above-cited memoir on ^euglodon 
appeared, by Mr. Grateloup, to a genus called Sgualodon, and by 
Pr Gibbs to a genus called JDorudon. The mode of completion 
of the teeth in this extinct Cetacean is different from, and conforms 
to, a higher type than that of any of the existing carnivorous genera 
of the order. It is evident that the pulj) which, from the form and 
structure of the crown, was originally simple, becomes afterwards 
divided into two parts, and that its calcification then proceeds towards 
two distinct centres, which are each separately surrounded by con- 
centric strise of growth. The cavitas pulpi, which is very small in 
the crown of the tooth, becomes contracted as the fangs descend, and 
is almost obliterated near their extremities. 

The summits of the crown of the teeth of the Zeuglodon were 
sheathed with enamel. Their base exhibits an investment of a thin 
layer of cement, which augments in thickness where it surrounds the 
fa^s. 

Pr Carus' figures a fragment of the under jaw of the Zeuglodon 
(see fig. 65), in which a worn-out deciduous molar appears to be dis- 
placed and succeeded vertically by a premolar ; this would imply an 
aflSnity to the Sirenia. In the Sirenia, whose dentition will next be 
described, the two-fanged structure is fully established in the Mana- 
tee, whilst the Dugong presents a near resemblance to the Zeuglodon 
in the composition and the intimate structure of the molar teeth. The 
vertebrae of the Zeuglodon resemble those of the carnivorous Cetacea. 
The size of the extinct animal is estimated at near seventy feet ; it 
accordingly affords a very interesting addition to the history of the 
dental system in the Cetaceous order, and makes the typical group 
approach hy another step nearer to the Pugonga and Manatees, 
which are more essentially related to the Pachyderms. 

Two marks of inferiority in the dental system of the carni- 
vorous Cetacea, which they have in common with many of the 
order Bruta, viz. — ^uniformity of shape in the whole series of teeth, 
and no succession and displacement by a second or permanent 
set, — disappear when we commence the examination of the dentition 
of those apodal Pachyderms, which have been called hj Cuvier the 
Herbivorous Cetacea. 

In the Dugong (Salicore), for example, we find incisors distin- 
guished by their configuration as well as position from the molars, 
and the incisive tusk is deciduous, displaced vertically, and suc- 
ceeded by a permanent tusk ; both these characters are shown in 
fig. 67. Of the incisors of the Pugong, only the superior ones project 


Order 

Sirenia. 


Halicore. 
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Section of Jaws and Teeth of a Dngong (Haltcore indicus,) 


male sex, and neither upper nor lower ones are 
visible in the female. The superior incisors (i) are two in number 
in Imth sexes. In the male they are moderately long, substriedral, 
slightly and equally curved, of the same diameter from the base to 
near the apex, which is obliquely bevelled off to a sharp edge, like 
the^ scalpriform teeth of the Bodentia. Only the extremity of this 


attain their maximum in 
the Proboscidian family 
(Elephants and Masto- 
dons) of the Ungulate 
order. 

The transition from 
the cetaceous to the 
more normal type of 
pachydermal dentition is 3 , 
effected by the Manatee 

.I. « . - — i.'iv/w.wAi.xcKLj uuuco , me tuaji, jiu (JfaTMxiits), especially by 

tms sex IS solid, is about an inch shorter and less bent than that of the modification of the 
tne male ; it is also irregularly cylindrical, longitudinally indented, molar series. 

^^®® ^8 T*i® Reflected anterior 
® obliquely outwards, and presents a shallow 

The decidaous incisors of the upper jaw (fig. 67, i d) 
a e much smaller than the permanent tusks of the female,^ 
insertea Dv one eT+.r>Atvn‘f w : x 


opposite ends to their tegumentary gum, which presents no outward Teeth of 
inmeation of their presence. Not more than twenty-four molar teeth Jjfamtnals 
are developed in the Australian Dugong [Halicore Australis), 
more than twenty molar teeth in the Malayan Dugong, viz. — ^in the 
latter, five on each side of both upper and lower jaws (fig. 67, 1-5), 
but these are never simultaneously in use, the first being shed before 
the last has cut the gum. 

The period when the molar series can be viewed in its most com^ 
plete state in the Pugong is that represented in fig 67. The molar 
teeth increase very regularly in size ; the fang of the first (1) and of 
the second (2) is soon completed and solidified ; that of thfi third (3) 
is more elongated, and retains its basal cavity longer, but it becomes 
at length contracted to a point, solidified, partially absorbed, and the 
tooth IS then shed ; the crown presents a regular oval shape in trans- 
verse section. The fourth molar, when fully formed, resembles a slightly 
bent cylinder with a nearly smooth outer surface ; the crown is flat, 
or slightly depressed at the centre. The opposite extremity of the 
tooth is excavated by a regular conical cavity, lodging the remains 
of the pulp. With age, however, the fang contracts, takes on an 
irregularly fluted and tuberculate surface, and is at last closed at its 
extremity. The matrix of the last molar tooth (5) expands as the 
crown is forming, and manifests a tendency to divide into two 
fangs ; hut having acquired ihe size and form exhibited in fig. 67, 

5, in transverse section, the pulp is maintained in a wide bas«al 
pulp-cavity, to supply the waste of the crown according to that 
pattern. 

The molar teeth of the Dugong consist of a large body of dentine 
(fig. 8, d), a small central part of ostco-dentine, and a thick external 
investment of cement (c). The communications between the tubes 
of the cement and those of the dentine are clearly discernible in 
several parts of the circumference of the latter substance, and the 
whole system of tubes adapted to circulate the plasma of the blood 
through the solid tissues of the tooth is, perhaps, in no existing 
mammal better seen than in the molar of the Pugong. The small 
portion of osteo-dentine in the centre of the tooth is penneated by a 
few vascular canals, which are derived from the remains of the pulp. 

In the female Pugong the whole of the smaller extremity of the tusk 
is surrounded by a thin coat of true enamel, which is covered hy a 
thinner stratum of cement. In the male’s tusk the enamel, though it 
may originally have capped the extremity, as in the female’s, yet, in 
the body of the tusk, it is laid only upon the anterior convex, and on 
the lateral surfaces, but not upon the posterior concave side of the 
tusk j which is thickly coated with cement. 

This side, accordingly, is worn away obliquely when the tusk comes 
into use, whilst the enamel maintains a sharp chiscl-like edge upon 
the anterior part of the protruded end of the tusk. 

The presence of abortive^ teeth concealed in the sockets of the 
deflected part of the lower jaw of the Dugong (fig. 67, a, id) offers 
an interesting analogy with the rudimental dentition of the uj^per 
jaw in the Cachalot, and of both jaws in the foetal Whales. The 
arrested growth and concealment of the upper tusks in the female 
Dugong, and the persistent pulp-cavity and projection of the corre- 
sponding tusks in the male, are equally interesting repetitions of the 
phenomena manifested on a larger scale in the singular dental system 
of the Narwhal ; but the habitual abra.sion to which the tusks of the 
male Dugong are subject prevents their closer resemblance to the 
male Narwhal’s tusk in regard to length. The simple implantation 
of the molar teeth and their composition are paralleled in the teeth 
of the Cachalot; their difference of form, and the more complex 
shape of the hindmost tooth, are repetitions of characters which were 
present in the dentition of the extinct Zeuglodon. 

The co-existence of incisive tusks wuth molar teeth, and the suc- 
cessive displacement of the smaller and more simple anterior ones 
by the advance of larger and more complex grinders into the field of 
attrition, already seem to sketch out peculiarities of dentition, which 
become established and 


tusk projects from the jaw, at least seven-eighths of its extent being 
lodged in the socket, the parietes of which are entire, and the ex- 
tenor of the great intermaxillary bones presents an unbroken surface, 
in the female Dugong the growth of the permanent incisive tusks of 
the upper jaw is arrested before they cut the gum, and they remain 
throughout life concealed in the premaxillary hones ; the tusk in 


loospWiTiH LUSJS.8 01 me lemaie,* and are port a single deciduous iccuuwm iou»g jy^aiziirec. 

rior to those tusk in the young Manatee (fig. 69, tV. hnt this is not succeeded by » 

permanent tesks (fig. 67), adhering by their permanent one in either sex. Six depressions for rudimental teeth 


extremities of the inter- 
maxillary hones each sup- 
port a single deciduous 



Manatus. 


Kg. 68. 

Lower Jaw and Teeth of a Young Manatee. 


* See Nova acta C»s. Leop. Carol, vol. xxii. tab xxxix. B. fig. 2, p. 390. 


^ Proceedlugs of the Zoohg. Socktyy 1838, u. 41. 
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Teeth of occur m the cohering the deflected forepart of each ramtis of 
Mammals, the lower jaw in the young new-born American Manatee (fig. 68, 1- 
6), and in the sixth (6) Stannius ^ found a tooth, which he calls a sixth 
incisor. 

The molars of the American Manatee are thirty-eight in number, 
ten on each side of the upper jaw, and nine, at least, on each side of 
the lower jaw ; but the,y are never simultaneously in place and use. 
The number of teeth ordinarily in use at the same time is that repre- 
sented in Fig. 69, 3-8, where the first and second molars (1, 2) have 
been shed, and the two last (9 and 10) have not come into place ; 


Thyla- 

cinus. 



Order 

Marsupi- 

alla. 



Pig. 70. 


projects from the inner side of the crown, 'ine 
Penultimate Upper molars of the lower jaw are compressed and tri- 
Molar of the Thy- cuspidate ; the middle cusp being the longest, 
lacme. especially in the two last molars, which resemble 

closely the camassial teeth (dents carnassieres) of the dog and cat. 


The dental formula of the genus Dasyurus is — 

3.3 ’ 1.1 ’ 2.2 ’ 4.4 

The eight incisors of the upper jaw (fig. 70, i) are of the same 
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Teeth of 
Mammals. 


Dasyurus. 


Pig 69. 

Teeth of the Upper Jaw of a Manatee. 

in the lower jaw seven molars are usually in use in the adult. The 
first (figs. 68 and 69, 1) in both jaws is small and simple. Beyond 
the second, the crowns in the upper jaw are square, and support two 
transverse ridges with tri-tuherculate summits, having also an ante- 
rior and posterior basal rid^e; each tooth is implanted by three 
diverging roots, one on the inner and two on the outer side ; they 
increase in size very gradually, from the foremost to the last. 

The crowns of the four or five anterior molars of the lower jaw 
resemble those above, hut the rest have a large posterior tubercle ; 
they are all implanted by two fangs, which enlarge as they descend, 
and bifurcate at the extremity ; the crowns are of moderate height, 
and project only a few lines above the sockets. 

The molars consist of a body of dentine, a coronal covering of 
enamel, and a general investment of cement, very thin upon the 
crown, and a little thicker upon the fangs. 

All the grinding teeth of the Manatee belong to the true molar 
series, in so far as that none are displaced^ by vertical successors ; 
hut the first molar (fig. 68, 1) is small, ponical, and simple, and is 
separated by a brief interval from the first of the two-rid^d molars 
(2 e). In this respect the Manatee manifests, like the Ilugong, a 
cetaceous character, and the more strongly, inasmuch as the numoer 
of molars successively developed from before backwards is ^greater. 
The anterior teeth are, however, displaced before the posterior ones 
are developed, although they have no vertical successors ; which cir- 
cumstance is also characteristic of the Elephant, and the shape, the 
structure, and the mode of implantation of the molars of the Manatee, 
accord "with the pachydermal type, and herein more especially with 
the teeth of the Vinoth^rium and Tapir, 

In the Marsupial order, the typical number of the teeth in the 
molar series is seven on each side of both jaws, the first three of 
which displace as many milk teeth, and are “premolai’S ” (fig, 76, p 
1, 2, 3), the other four are true “molars,” (fig. 76, w 1, 4). Incisors 
(fig. 71, i) are present in all the species, but are variable in number, 
in some genera exceeding that of the Mammalian type. Canines 
(fig. 71, c) are large in the Dasyures, are feebly represented in the 
Phalangers and Petaurists, are absent in the lower jaw of the 
Potoroos and Koala, and in both jaws of the Kangaroos and 
Wombats. 

The Dasyures and Thylacine offer the carnivorous type of the 
dental system, hut differ from the corresponding group of the placental 
Mammalia, in having the molars of a more uniform and simple struc- 
ture, and the incisors in greater number ; the dental formula of the 
Dog-headed Opposum, Thalydnus, is — 

*•44. _ 1.1 . 33. (M, 44 A a 

’■m’ ® 11’ §3’ _ 

The canine teeth are long, strong, curved, and pointed, like those 
of the dog tribe ; the points of the lower canines are received in 
hollows of the premaxillary palatal plate when the mouth is closed, 
and do not project, as in the carnivorous placentals, beyond the mar- 
gins of the maxillary hones. The premolars (p) present a simple 
compressed conical crown, with a posterior tuherme, 
^ whi^ is most developed on the hindmost. The 
true molars (m) in the upper jaw are unequally 
triangular, the last being much smaller than the 
rest ; the exterior part of the crown (fig. 70, a, h) 
is raised into one large pointed middle cusp and 
two smaller cusps ; a smJill strong obtuse lobe (c) 
n the inner side of the crown. The 



lig 71. 

Dentition of tke Ursine Dasynre. Nat, size. 

length and simple structure, and are arranged in a regular semicircle. 

The six incisors of the lower jaw (fig. 71, i) are similarly arranged, 
hut have thicker crowns than the upper ones. The canines (fig. 71, c) 
present the same, or even a greater relative development, than in the 
Thylacine ; in an extinct species of Dasyurus^ they had the same 
form and relative proportions as in the Leopard. The premolars (p 
2 and 3) answer to the two last in the Opossum, and have simple 
crowns. The upper true molars (m) have triangular crowns; the 
first presents four sharp ensps ; the second and third each five ; the 
fourth, which is the smallest, only three. In the lower jaw, the last 
molar is nearly of equal size with the penultimate one, and is bristled 
with four cusps, the external one being the longest. The second 
and third molars have five cusps, three on the inner and two on the 
outer side ; the first molar has four cusps. The carnivorous cha- 
racter of the above dentition is most strongly marked in the TJrsine 
Dasyure, or Devil of the Tasmanian colonists, the largest existing 
species of the genus. 

A carnivorous Australian marsupial, of the size of a Lion, Thylacoleo 
now extinct, which the writer determined under the name of 
Thylacoleo carnifex^ in 1848, has a true camassial tooth, upwards 
of an inch and a half in fore and aft extent, and one inch in neight ; 
consisting wholly of the “ blade ” in the lower jaw (fig. 72), and with 
the addition of a verjr feeble 
depressed tubercle in the 
upper jaw. On the occasion 
of a visit to London by M. 

Taul Gervais, at the period 
when the supposed marsu- ^ 
pi al character of the Ptero- 
don or JSynodon (fig. Ill) ' 
of the miocene deposits of 
Auvergne, Gard, and Yan- ^ Tig. 72. 

cluse were under Tooth, viewed from above, of 

the writer took the oppor- the Thylacoleo. 

tunity to point out to that able comparative anatomist and palaeon- 
tologist, certain characters deducible from the foramen caroticum and 
foramen lacrymale, bearing on this question, and illustrated those con- 
clusions by reference to the then unique carnivorous fossil which had a 
short time before been transmitted from Australia, M. Gervais accor- 
dingly enters the genus Thylacoleo in the geographical table of fossil 
mammalia, of the “Zoologie and Paleontologie Frangaise,*’ and in his 
remarks on those of Australia (Nouvelle Hollande), he writes, “ Les 
depots pliocenes ou pleistocenes ont fourni des Grand Kangaroos, un 
grand Wombat,® divers antres esp^ces congeneres de celles d’S pre- 
sent, les genres de Dyprotodon et Nototherium, qui etaient aussi des 
Marsupiaux, mais dont les allues et la taille approchaient de celles 
de nos grands pachydermes Diluviens, et le Dasyurien, plus grand 
qne le Lion, que M. Owen nomme Thylacoleo ” (p. 192). 

In some of the smaller species of the carnivorous group, as the Phascogale 
Phascogale, the canines lose their great relative size, and the molar 
teeth present a surface more cuspidated than sectorial ; there is also 
an increased number of teeth, and as a consequence of their equable 
development, they have fewer and shorter interspaces. The genus 
Phascogale is characterized by- 



i • 
*83 ' 


1.1 . 


3.3. 




:46. 


In this dental formula may be discerned a step in the transition 
fiom the Dasyures to the Opposums, not only in the increased number 
of spurious molars, but also in the shape and proportions of the 
incisors. 


’ Beitrage zur Kenntniss der Amerikanischen Manati’s, 4to, Rostock, 1845. 

® That, viz., which is alluded to as being “ at least four times as large as either of the known existing species,” in the writer’s memoir on the 
extinct species of Phascolomys , — (July 1845), Trans. Zool. Soc, tom. iii. p. 306. 
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leeta oi The general character of the dentition of these sinall predatoiy 
Dklammals. Marsupials approximates to the insectivorus type, as will be exempli- 
fied in the Shrew, Hedgehog, etc,, among the placental Mammalia, 
j oTirl liabits of the snecies, which thus lead 


Phascolo- 

therium. 


Myrroe- 

cobios. 


Amphi- 

therium. 


fied in the Shrew, Hedgehog, etc,, among the placental Mammalia, 
and corresponds with the food and habits of the species, which thus lead 
from the predaceous, or flesh-feeding, to the Entomophegous tribes. 
The interyal is further diminished by a lost Marsupial genus, 
which forms one of the ancient Mammalia that have rendered the 
oolitic formations at Stonesfield so famous. This genus, which the 
writer has called JPhascolotherium,'^ presents the same numerical 
dental formula as in JPhascoffale, viz. 

t ^ or 4.4; c {jj[; p ^ Zi 73). 

But the incisors (z) and canines (c) are separated by vacant inter- 
spaces, and occupy a larger proportional space in the dental senes. 



Tig. 73. 

lower Jaw and Teeth of the Phascolothere. Nat. size, in outline. 

Tlie transition from the false (p 2, 3) to the true fm 1, 2, 3, 4) 

ea than in the 


molars, is more gradual ; the latter are more compressed 
Opossum ; the five larger teeth present each a large middle cusp, 
with a smaller one in front and behind it, and with a basal rid^e, 
which, projecting a little beyond both the anterior and postenor 
smaller cusps, gives a quinq^ue-cuspid character to the crown of the 
tooth. 

The Myrmecobius (fig. 74) is characterised hy the following re- 
markable dental formula 

3.3 * 1,1 ^ 3.3 6.6 

From this foi-mula it will be seen that the number of true and false 
molars, eighteen in both jaws, exceeds that of any other known 

existing Marsupial. The 
molars (m 1, 6; present 
a distinct multicuspid 
structure, and both the 
true and false ones pos- 
sess two separate fangs, 
as in other Marsupials. 
The inferior molars are 
directed obliquely in- 
wards, and the whole 
dental series describes a 
slight sigmoid curve. The premolars ( j? 1, 2, 3) present the usual com- 
pressed trian^lar form, with the apex slightly recurved, and the base 
more or less obscurely notched before and behind. The canines (c) are 
very little longer than the false molars. The incisors (i) are minute, 
slightly compressed, and pointed ; they are separated from each other 
and the canines by wide intervals. 

The genus Amphitherium is founded on fossil remains of lower 
jaws and teeth discovered, like those of the Phascolothere, in the 
oolitic slate at Stonesfield, in Oxfordshire, and it receives elucida- 
tion from the dental characters of the previous genus, but is remark- 
able for having a still greater number of molar teeth. The dental 
formula is as follows : — 



Fig. 74. 

Bentltion of the Mynnecobius. 


3,3 ’ 





crowns of the premolars (jp) and molars (m) is shewn in the specimens Teeth of 
of the larger species (Amphitherium Broderipii), in the museum at Mamraals. 
York, their implantation of the jaw, each by two long slender roots, 
as indicated in w 1 and 2, is demonstrated by one of the specimens 
of the smaller species (Amphitherium JPrevostii) in the museum at 
Oxford. 

The singular animal on which this genus was founded, has but Cho-ifcDup 
two toes on each fore foot ; its dental foi-mula is — ^ • 

All the teeth are of small size ; the upper incisors are conical, the 
lower ones truncated, and the hindmost is notched ; the canines are 
conical and compressed ; the upper one is simple and remote from 
the incisors ; the lower one is near the incisors, and is notched ante- 
riorly; the premolars are separated by intervals, as in Myrmecdbim; 
they are tricu^id, except the first in the upper jaw, which resembles 
the canine. Each true molar consists of two triangular prisms, 
those of the upper jaw being broader than those below, and with 
their base turned outwards, contrary to those in the lower jaw. The 
genus would seem by its dentition to rank between MyrmecobivA 
and Perameles. Its digital characters are anomalous and unique 
among the Marsupialia, but are evidently a degeneration from the 
Saltatorial or Bandicoot type. 


Saltarorial or Bandicoot type, 

GThe dental formula of the genus Didelphys is — 

60 (J^s-76). 


Didelphys. 



1.1 ’ ^ 6.6 ’ 6 6' 

There being thus thirty-two teeth in the lower jaw, and probably 
as many in the upper jaw. The incisors (fig. 75, i) are small, simple. 
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Fig. 76. 

Lower Jaw and Teeth, of the Amphitheriam. Twice nat, size. 

and separated by intervals, as in the existing Marsupial genus hdyr~ 
mecdbius; the canine (c) had a similar form. The shape of the 


Dentition of tlie Virginian Opossum. 

The Opossums resemble in their dentition the Bandicoots more 
than the Dasyures ; but they closely resemble the latter in the tuber- 
culous structure of the molars, the two middle incisors of the upper 
jaw are more produced than the others, from which they are also 
separated by a short interspace. 

The canines still exhibit a superior development in both jaws 
adapted for the destruction of living prey, but tno molars have a con- 
formation different from that which characterizes the true flesh-feeders, 
and the Opossums consequently subsist on a mixed diet, or prey 
upon the lower organized animals. 

The smaller species of Didelphys, which are the most numerous, 
fulfil in South America the office of the insectivorous Shrews of the 
old continent. The larger Opossums resemble in their habits, as in 
their dentition, the carnivorous Dasyures, and prey upon the smaller 
quadrupeds and birds ; but they have a more omnivorous diet, feeding 
on reptiles and insects, and even fruits. One large species (Did, 
Cancrivora) prowls about the sea-shore, and lives, as its name im- 
plies, on crabs and other crustaceous animals. Another species, the 
Yapock, frequents the fresh water, and preys almost exclusively on 
fish. It has all the habits of the Otter ; and, in consequence of the 
modifications of its feet, forms the type of the sub-genus Chironectes, 

111. Its dentition, however, does not differ from that of the ordinary 
Opossums. 

The dental formula of the genus Tarsipes has not been accu- Tarsipes. 
rately determined; the molars soon begin to fall; the small 
canines are also deciduous ; the two procunibent incisors of the lower 
jaw remain the longest. The infenor incisors are opposed to six 
minute incisors above, which are succeeded by a small canine and 
some small molars ; but these are reduced in some, perhaps old indi- 
viduals, to a single tooth on each side. 

The Phalangers, being provided with hinder hands and prehensile phalan- 
tails, are strictly arboreal animals, and have a close external resem- gista. 
blance to the Opossums, hy which name they are generally known 
in Australia and the islands of the Indian Archipelago, where 
alone they have hitherto been found. They differ from the Opossums 
chiefly in their dentition, and in accordance with this difference, 
their diet is more decidedly of a vegetable kind. 

The absence of anomalous or functionless premolars, and of phasco- 
inferior canines, appears to be constant in this genus, the dental larctos. 
formula of which, in other respects resembles that of Phalangista ; 
it is — 

*n : “ra Ji’n : “ & = 30 (^g- 77). 

The true molars (fig. 77) are larger in proportion than in the Pha- 
langers ; each is beset with four three-sided pyramids (a, 5, c, <Z), 
the cusps of which wear down in age, the outer series in the upper 


Transactions of the Geological Society of London, vol. vi. 2d scries, 1838, p. 68, pi. 6- 
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Mammals, rower than m the upper ; there is also the mdiment of a “ cingulum,” 
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Kg. 77. 

Dentition of the Koala {TlmcoUrctos fttsau^ 



Hypsi- 

prymims. 


hTr 

The anterior of the up 
curved than the latera 


1.1 1.1 44 

“ 1 - 4=30 




posterior extent nearly equals that of the three succeeding molar teeth. 
In all the Potoroos, the trenchant spurious molar {p) is indented, 
especially on the outer side, and in young teeth, by many small 
vertical grooves. The true molars (m 1, 2, 3, 4) each present four 
three-sided pyramidal cusps ; but the internal angles of the two oppo- 
site cusps are continued into each other across the tooth, forming 
two angular or concave transverse ridges. In the old animal these 
cusps and ridges disappear, and the grinding surface is worn quite flat. 

In the genus Macropus (fig. 143), the normal condition of the per- 
manent teeth may be expressed as follows : — 


i?:?. 

1 . 1 ’ 


® 0 . 0 ’- 2 ^ 11 ’ 




The main difference, as compared with Hypsiprymnus, lies in the 
absence of the upper canines as functional teeth ; but the germs of 
these teeth are always to be found in the young mammary foetus of 
the Mctcropus major ^ and the writer has detected them, but of very 
small size, and concealed by the gum, in the adults of some small 
species of Kangaroos, as, e.gr., Macropus rufiventer, Ogilby, and 
Macr. psilopus, Grould. This, however, is a rare exception ; while 
the constant presence and conspicuous size of the canines will always 
serve to distinguish the Potoroo from the Kangaroo. The crown of 
the true molars supports two principal transverse ridges, with a 
broad anterior talon and a narrow hinder one. In most species a 
spur is continued from the hinder to the fore ridge, and another from 
the fore ridge to the front talon. 

Dr Mason Good has remarked, “ The Mus maritimuSf or African 
rat, has the singular property of separating at pleasure, to a con- 
siderable distance, the two front teeth of the lower jaw, which are 
not less than an inch and a quarter long ; that elegant and extra- 
ordinary creature,^ the Kangaroo, which, from the increase that has 
lately taken place in his Majesty’s garden at Kew, we may soon hope to 
see naturalized in our own country, is possessed of a similar faculty.*’ ^ 


Molar TootL of the 
magnified. 


size the posterior incisor, and terminates in an oblique cutting edge 
rather than m a point ; the fang is closed at the extremity ; it is 
^tuated, as in^ the Phalangers, close to the premaxillary suture. 
I lie lateral incisors of the upper jaw are small- and obtuse; the two 
anterior or fiddle incisors are more than twice as large as the rest ; 
they are conical, slightly curved, sub-compressed, bevelled off obliquely 
to the anterior cutting edge, but differing essentially from the 
dentes scalpT^vi of the Kodentia in being closed at the extremity of 
the lang. i he two incisors of the lower jaw resemble those of the 
i^t are longer and more compressed, 
fhe dental formula of Sypsiprymnus, the generic name of the 
Irotoroos, or Kangaroo-rats, is — 


per incisors, (fig, 78, i) are longer and more 
ones, and their pulps are persistent. The 
canine (c) is larger than 
in the Koala ; it is situ- 
ated on the line of the 
premaxillary suture ; 
and while the fang is 
lodged in the maxillary, 
the crown projects al- 
most wholly from the 
premaxillary hone. In 
the hxgeSypsiprymnus 
ursinus, the canines 
Kg. 78. are relatively smaller 

Dentition of the Potoroo, (Hypsiprymms.) than in the other Poto- 
roos, a structure which indicates the transition from the Poto- 
roo to the Kangaroo genus. The single premolar (fig. 78, p) 
has " r : 4- 


This faculty of divaricating the lower incisors is due to the laxity Teeth ot 
of the symphysial union of the two rami of the lower jaw ; the teeth Mammals, 
merely move with the bones in which they are implanted. Eemains 
of gigantic Kangaroos have been discovered in the same caves in 
Australia which contained the teeth and jaws of the large extinct 
Dasywrus laniarius, and they probably formed the prey of that species 
7 and of its contemporaiy the Thylacine, which has equally become 
^ extinct in the continent of Australia. 

A gigantic extinct herbivorous Australian Marsupial, the bulk 
of which may be surmised from the length of the skull, which to(h>n." 
equals three feet, manifests a dentition which makes the nearest 
approach to the type of the Kangaroos ; hut the anterior or median 
pair of upper incisors of the upper jaw present the condition of 
large, curved, scalpriform, over-growing tu^s, which work against 
a similar hut straight procumbent pair of incisive tusks below; 
thus presenting a transitional feature between the Kangaroos and the 
Eodent form oi Marsupial called Wombat {Phascolomys). 

By reason of this modification, the writer separated the above 
large fossil Marsupial generically from Macropus, and proposed for 
it the name of Diprotodon, or two-incisored, in his Description of the 
Australian fossil Mammalia, in the appendix to “ Mitchell’s Expe- 
dition into the Interior of Eastern Australia,” 8vo, 1838. 

He has since ascertained that the second and third incisors are 
present, though of diminutive size, in the upper jaw of the Dipro- 
todon ; but as these teeth are actually reduced to two in the lower 
jaw, and functionally so in the upper one, the generic name is still 
applicable. There is no trace of canines in either jaw. The molars 
present the double transversely-ridged type of the Macropus, an 
anterior and posterior low basal ridge being added to the two prin- 
cipal eminences. 

Five such molars were developed on each side of both jaws, pro- 
gressively increasing in size from the first to the founth. The first 
is generally shed before the last is in place. 

A second genus of huge Marsupial Herbivora has been indicated 
under the name of Nototherium'^ The Thylacoleo seems to have 
been designed to keep these giants of the order in check. 

The dental system presents, in fig. 79, the extreme degree of phasco- 

lomvs. 



Kff. 79. 

Dentition of tke YTombat {Phascolomys). 

that degradation of the teeth, intermediate between the front incisors 
and true molars, which has been traced from the Opossum to the 
Kangaroos ; not only have the functionless premolars and canines 
now totally disappeared, but also the posterior incisors of the nper 
jaw, wbicb we nave seen in the Koala and Potoroo to exhibit a 
feeble degree of development as compared with the anterior pair; 
these, in fact, are alone retained in the dentition of the genus 
PJiascolomys. 

The dental formula of the Wombat is thus reduced, both in 
number and kind, to that of the true Eodentia, viz. — 

*2’ (Kg. 79). 

The incisors (j), moreover, are dentes scalprarii, with persistent 
; but are interior, especially in the lower jaw, in their relative 


[en^h and curvature to those of the placental Glires; they present 
a subtriedral figure, and are traversed by a shallow groove on their 
mesial surface. The premolars (^) present no trace of that com- 
pressed structure which characterises them in the Koala and Kanga- 
roos, but have a wide oval transverse section ; those of the upper 
jaw being ti'aversed, on the minor side, by a longitudinal groove. 
The true molars (m 1-4) are double the size of the premolars ; the 
superior ones are also traversed by an internal longitudinal groove ; 
but this is so deep and wide that it divides the whole tooth into two 
prismatic portions, with one of the angles directed inwards. The 
inferior molars are in like manner divided into two triedral portions, 
but the intervening groove is here external, and one of the facets of 
each prism is turned inwards. All the grinders are curved, and 
describe about a quarter of a circle. In the upper jaw the concavity 
of the curve is directed outwards ; in the lower jaw, inwards. The 
false and true molars, like the incisors, have persistent pulps, and 


^ Booh ofNature^ vol. i. p. 285. 1826. 
VOL. XVI. 


Owen, Beport on the Extinct Mammals of Australia^ 


8vo, 1844, p. 12. 
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Teeth of aw. consequently, devoid of true fangs, in whioli respect the Wombat 
Mammals, differs from all other Marsupials, and resemhles the extinct Toocodon, 
the dentigerous ^Tutd^ and herbivorous Rod&ntia. ^ 

The mita, figs. 72, 70, 77, and 80, showing the working surface 
of the molar teeth, exemplify stages in the progressive transition 
from the carnivorous to the herbivorous modification of those teeth 

in the Marsupial series. . ^ i* 

Tigure 72, nat. size, is the lower carnassial tooth ot the great 
extinct Thylacoleo. Fig. 70 is an upper molar of the largest exists 
ing Marsupial carnivore, the Thylacine of Tasmania ; the addition 
of the inner lobe (c) gives it a triangular form. In the Dasyurus the 
inner lobe is augmented, and the outer division is thickened by the 
development of a pointed tubercle or cusp from the cingulum. In 
the Bandicoot {Perameles Myosuros), a second lobe answering to d in 
fig. 77 is added to the inner division of the crown, and two tubercles 
are developed from the outer part of the cingulum ; in the Phalan- 
gista and Koala (fig. 77), the outer tubercles are obsolete, and the 
principal lobes (a, b, c, d) are almost equal, with a posterior basal 
ridge and the rudiment of an anterior one. 
In the Hypsiprymnus the lobes answer- 
ing to a and c begin to coalesce and form 
a transverse ridge, as do those behind 
answering to 6 and d. In the Macropus 
(fig.143) the coalescence is more complete; 
and in the Diprotodon the double cross- 
ridged structure is complete. The parts 
of the cingulum forming the anterior and 
posterior basal ridges are present in all 
Gnnding Surface of a Lower the three last examples. Finally, the 

S/toLw’ ° Wombat (%. 80) shows the most aberrant 

extmctWomtot. modification of tte grinding surface. The 

cut is taken from a molar tooth of the lower jaw of the great extinct 


Order 

Tasecti- 

Tora. 





Chryso- 

chloris. 




l-’ig. 82, 


The dental system in this order is remarkable for the many varieties 
and even anomalies which it presents — almost the only characteristic 
predicable of it in the numerous small quadrupeds which constitute 
it being the presence of several sharp points or cusps upon the 
crowns of the molar teeth, which are always broader in the upper 
than in the lower jaw. The teeth that intervene between these and 
the incisors are most variable in form and size, but are never absent; 

the incisors also differ in 
number, size, and shape, in 
different species, the ante- 
! rior ones approximating in 

some species to the cha- 
^ ^ racter of the scalpriform teeth 

of the Rodents, 

Of all existing Insectivora^ 
the Chrysochlore, or irides- 
cent mole of the Cape, makes 
the nearest approach, by the 
number of its molar teeth 
(fig, 81), to that remarkable 
condition which was mani- 
Tig. 81 . fested in the most ancient 

Dentition of the Cape-Mole (Chrysochloris period of Mammalian exist- 
capensis) magnified. ^he extinct AmpM- 

therium and SpalacotJierium of the Oolitic period in geology. 
At least f true molars may be assigned to the Chrysochlore accord- 
ing to their form — the only character, in the absence of the known 
order of vertical displacement and succession by which the true and 
false molars can at present be defined in this species. The anterior 
large laniariform tooth, and the two succeeding small teeth, are in- 
cisors, by virtue of their position in the premaxillary hones ; the 
next small tooth, with a simple compressed tricuspid crown, may he 
regarded either as a canine or a premolar. The crowns of the true 
molars are thin plates, flattened from before backwards, with two 
notches on the working edge, and a longitudinal groove along the 
outer and thicker margin. Another anomaly, more remarkable than 
that of the sha;pe of the true molars, is their separation from each 
other by vacant intervals, as in many Reptiles. 

The crowns of the five lower true molars are compressed antero- 
posleriqrly, hut are of unusual length, and have the thicker margin 
turned inwards ; the summit of the outer border is pointed and most 
prominent ; the inner division is subdivided into two points. The 
anterior incisor is small and procumbent ; the second has a larger 
laniariform crown ; the third is small, and resembles the two pre- 
molars which intervene between this and the first large tricuspid 
molar. The lower molars are separated by wider intervals than 
those above ; the crowns of the opposing series enter reciprocally the 
interspaces, and interlock ; in mastication, the anterior margin of the 
works upon the posterior margin of the opposite upper 


According to M. Cuvier,^ each series in the upper jaw of the Teeth of 
Chrysochlore includes one incisor and nine molars ; and in the lowei Mammals 
jaw two incisors and eight molars. M. de Blainville, guided by the 
'intermaxillary sutures in the young Chrysochlore, regards the first 
three teeth in each lateral series as^ incisors, the fourth as a canine, 
and the remaining six as molars in both upper and lower jaws. 

The writer’s views, as given in the foregoing description, are expressed 
by the following formula * — 

.3.3 1.1 6 6 

^33; i^ 2 ^; 

The small insectivorous mammal, called Spalacotherium^^ which Spalaco- 
has left its fossil remains a a therium" 

in the upper Oolite of Pur- 
heck, had ten molar teeth 
on each side of the lower 
jaw, of which six at least 
presented a tricuspid 
crown (fig. 82), with pro- 
nortions very similar to 0 ^ Lower Jaw and Teetli of the Spalacotherium 
those of the Chrysochlore. incusjptdens. 

In the Shrew-moles of America (Scalops) the dentition makes an Scalops. 
important step towards the normal mammalian condition, by the 
restriction of the characters of the true molar teeth to the three 
posterior ones in each lateral series ; between these and the large 
scalpriform incisor, in the upper jaw, there are six teeth ; the first 
two of which must also be regarded, by the analogy of the Chryso- 
chlore, as incisors ; the next tooth might pass for a canine ; and the 
remaining three for premolars ; of these the last is the largest, and 
has a triedral pointed crown. The true molars have large crowns, 
each with six cusps, four on the outer, and two on the inner part of 
the grinding surface. In the lower jaw' the first incisor is small and 
procumbent, and the second large and laniariform, as in the Chryso- 
chlore ; the third is absent, and a vacant space separates the incisors 
from the three premolars, and the crown of each true molar consists 
of two parallel three-sided prisms, each terminated by three cusps, 
and having one of the angles turned outwards, and one of the faces 
inwards ; the interspaces between the angles makes the outer surface 
of the long molars of the Scalops appear grooved. The dental 
formula of this genus, according to the above description, is — 


.33 


1.1 3.3 3 3 

*^ 0.0 5 ^ 3 . 3 ' 


^ 36 . 



The dentition of the common mole [Talpa mropoea. fig. 83) Talpa. 
includes eleven teeth on each side of both upper and lower jaws. 

The first three in the upper jaw are very small, with simple incisive 
crowns, and are each implanted by a long and slender fang. These 
teeth are incisors. The next tooth (c), by the size and shape of the 
crown, represents a canine, hut it is implanted by two fangs like the 
succeeding prcmolar teeth. Three of these teeth 1, 2, 3) are of small 
size, with compressed conical 
crowns ; the fourth premolar 
(p 4) has a larger three-sided 
conical crown, supported by 
three fangs, the crowns of the 
true molars {m 1, 2, 3) are 
multicuspid; the middle one 
the largest, with five points, 
and usually supported by four 
fangs, the hindmost the small- 
est, with a tricuspid crown and 
three fangs. In the lower jaw 
the first four teeth on each 
side are small, simple, and 

single-fanged, like the three incisors above ; the fifth tooth has a 
large laniariform crown, supported by two fangs, being very similar 
to, but shorter than, the two-fanged canine above. As it passes 
behind that tooth when the mouth is shut, we must regard the fourth 
tooth below, notwithstanding its small size and similarity to the 
incisors, as the true inferior canine, as it is in the Ruminants. The 
fifth tooth [p 1) is then the first and largest of the scries of four 
premolars, each of which has a small posterior talon at the base of 
the compressed conical crown. The tWee true molars (tw 1, 2, 3) 
are each implanted by two fangs, and have quinque-cuspid crowns, 
the middle molar being the largest. 

The teeth of the mole have been differently classified by different 
authors ; but the difference turns mainly upon the determination of 
the canine teeth. F. Cuvier® and T. Bell^ both regard the fourth 
large tooth oF the uj^er jaw (c) as a canine, notwithstanding it has 
two fangs. M. de Blainville ® describes it as an incisor, in which 
case the double implantation would he still more anomalous. The 
position of the incisive foramen, however, indicates that the double 
socket of this tooth is posterior to the premaxillary suture, and that 
the number of incisors has been rightly determined by F. Cuvier. 


Kg. 83. 

Dentition of the Mole {TaJ^a europaa). 


^ Dents de Mammiferes, p. 68. 


Proceedinffsjf the Geological Society^ June 1854, p. 426. ® Dents de Mammif&res, p. 62. 

8vo, 1837, p. 86. ® Osteographies Tnsectivores, 4to, p. 49, 
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Teeth of By this justly-esteemed authority, the canines are held to he wanting 
Mammals, in the lower jaw of the mole. Mr Bell regards as lower canines the 
large fifth tooth on each side, although posterior to the canine above ; 
and M. de Blainville, having assigned eight incisors to the upper jaw, 
adopts the same view in regard to the lower jaw, and calls the first pre- 
molar {p 1) a canine. With regard to the fourth tooth above, if it be 
not developed in the premaxillary bone, it claims to be regarded as a 
canine by the size and shape of the crown, and to be a premolar by 
virtue of its two fangs ; but, since the fang of a tooth is subject to 
more variety than the crown, the present writer has been guided by 
the more fixed character, and has called the tooth in question a 
canine.'^ The fourth tooth below (c), although so small, is the only 
one which has the true relative position of a canine, in advance of 
the one above when the mouth is shut, and we shall find in the 
genus Lemur a similar conformity of size and shape between the 
lower canine and incisors as exists in the common mole.® There is 
no difficulty about the other teeth, the canines being determined, and 
thus the dental formula of the genus Talpa is — 


, 33. 
^ 33 ^ 




4.4 
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' 3 . 3 — 


Soricidse. 

Solenodon. 


Mygale. 


According to^ this homology, the teeth are equal in number, and 
alike in kind in both jaws; the true molars are reduced to the nor- 
mal quantity in the placental series, and the entire dentition is the 
least anomalous of any which is manifested in the family Talpidce. 

In the Talpa moogura, Temm , the inferior canine is absent, as in 
the genus Scalops. in the Condylure^ or Eayed-mole, it is present, 
with the form and proportions of a canine. 

In Talpa UuGwra^ Blyth (p 1), is wanting. 

The transition from the Moles to the Shrews seems to be made 
by the water-moles {Mygale)^ and the Solenodon. The latter 
insectivore combines the form of a gigantic Shrew, with a denti- 
tion resembling that of the Chrysochlore. Each premaxillary 
bone contains three incisors, the first large, canine -shaped, 
grooved anteriorly, with the point inclined backwards ; the other 
two incisors small, with simple conical crowns; these are suc- 
ceeded by seven teeth, the two anterior having three-sided conical 
crowns, the other five bearing, in addition, an external tuberculate 
basal ridge In the lower jaw, the anterior incisor is very small, and 
the second large and laniariform, as in the Scalops and Chryso- 
chlore ; but it is remarkable for a deep longitudinal excavation upon its 
inner side,* apparently produced by the friction of the large upper 
incisors which are received into the interspace of the lower pair ; 
the third lower incisor is small and simple ; of the seven succeeding 
teeth, the four last have multicuspid crowns like true molars. 

The Pyrenean Water-mole (Mygale pyrenaka) has eleven teeth 
on each side of both jaws; the first incisor above is relatively larger 
than in Scalops^ trihedral, and sharp-pointed ; the second and third 
incisors are very small ; none of the succeeding teeth present the 
foiTH and size of a canine ; the last three teeth are multi cuspid, and 
are true molars. In the lower jaw, all the teeth anterior to the true 
molars are small and simple. 

The teeth in the lower jaw of a species of Water-mole (Falceo- 
spalax), as large as a Hedgehog, which has become extinct in Eng- 
land, present a close resemblance with those of the Mygale ; the true 
molars have square, quinque-cuspid crowns, but are distinguished 
from the teeth of all known recent Insectivora by the presence of a 
minute tubercle at the bottom of the outer vertical fissure of the 
crown."* 

The typical Shrews always manifest their rodent analogy by the 
great preponderance of the anterior pair of incisors in both upper 
and lower jaws. In the lower jaw the great incisor is uniformly 
succeeded by two small and three large multicuspid molars ; but in 
the upper jaw the number of small premolars varies. The last true 
molar is commonly of small size. The subgenera of Shrews are 
chiefly based upon the form of the large incisors and the numerical 
variations of the dentition of the upper jaw. In the common Shrew 
(Sorex araneus of Linnaeus) there are four true molars and three 
small teeth between these and the anterior incisor ; this tooth has a 
pointed tubercle at the back of the base of the crown. The long 
procumbent incisor of the lower jaw has the trenchant superior 
margin entire. In the Sorex (Amphisorex) tetragonurus, the upper 
edge of the lower incisor is notched ; the large upper incisor appears 
bifurcate from the great development of the posterior taloh; five 
small teeth, progressively decreasing in size, intervene between the 
upper large incisor and the true molars. In the Sorex (Sydrosorex) 
Meimann% the trenchant edge of the lower procumbent incisor is 
entire ; there are four small teeth between the large anterior incisor 
and the true molars in the upper jaw, as in the great Sorex indicus ; 
but the three first are subequal, and the fourth very minute ; there 
is a fourth small true molar above. The enamelled tips of the teeth 


of the species of Amphisorex and Hydrosorex are stained of a bright Teeth of 
brown colour; the teeth of Sorex proper, as the common Shrew Mammals. 
(S. araneus\ are not so stained. 

In the progress of the formation of the large notched incisors, the 
summits of the tubercles are first formed as detached points, sup- 
ported upon the common pulp, and do not become united until the 
centripetal calcification has converted this into a common dentinal 
base. Some anatomists have regarded the large incisor so formed 
as an aggregate of two or three teeth; but in Sorex proper and 
Sydrosorex, the calcification of the lower incisor spreads from a 
single point, and the interpretation of the notched incisor of the 
Amphisorex,^ as the representative of these incisors, might, by parity 
of reasoning, be applied to the human incisor teeth, the dentated 
margins of which are likewise originally three or four separate 
tubercles. 

The determination of the small teeth between the large anterior 
incisors and the multicuspid molars depends upon the extent of the 
early anchylosed premaxillaries ; the incisors being defined by their 
implantation in those bones, the succeeding small and simple-crowned 
molars must be r^arded as premolars ; not any of them having the 
development or office of a canine tooth ; their homotypes in the lower 
jaw are implanted by two roots. 

The thinness of the enamel, in proportion to the body of dentine, 
is unusually great in these small insectivores, and the sharp points of 
the teeth long ;retain their fitness for the office of cracking and 
crushing the hard or tough teguments of insects.® The enamel-pulp 
of the large lower incisors is so large as to overlap, in the young 
Shrew, the growing margin of the socket, so as to encase with enamel 
not only the crown of the tooth, but also the contiguous part of the 
jaw-bone. Daubenton first drew attention to this structure, and M. 

Duvernoy has likewise made the interesting observation, that the 
roots of the teeth of Shrews become anchylosed to the jaw-bone, a 
reptilian character offered by the Sorricidce alone in the mammalian 
class. 

In the dentition of the Tupaias (Glisorex) we begin to trace Erinaceid®. 
characters intermediate between those of the dentition of Shrews Glisorex. 
and of Hedgehogs. The dental formula of the Glisorex tana is — 

. 2.2 1.1 3.3 3.3 

^ 2.2 > ^ 1.1 » 2^ 3^» 

The upper incisors are small, simple, and wide apart in the upper 
jaw ; the anterior incisor in the lower jaw is long and procumbent, 
but relatively smaller than in the Shrews ; the canines are small in 
both jaws ; the premolars increase in size and complexity as they 
approach the true molars ; the first two of these are subequal, with 
six cusps in the upper and 
five cusps in the lower 
jaw ; the last true molar 
is smaller, and is tricus- 
pid. 

In Macroscelis (Ele- 
phant-mice of the Cape), 
and Gymnura, each in- 1 
termaxillary bone con- 
tains three teeth, which, 
in the former genus, are 
succeeded by four pre- 
molars and three true 
molars, with the same 
number of teeth in the 
lower jaw. In Gymnura 
(fig. 84) the first tooth 
which succeeds the inci- 
sors has the form and size 
of a canine (c) in both 
upper and lower jaws, but 
has two roots in the upper jaw ; this is followed by four premolars (p 
1-4), the last of which, in the upper jaw, is large and quaaricuspid, the 
first (m 1) and second (m 2) of the true molars have square multi- 
cuspid crowns ; the last true molar (m 3) is smaller and triangular. 

In the lower jaw of the Gymnura the fourth premolar (p 4) has a 
compressed tricuspid crown. The dental formula of Gymnwa is 
typical, viz. — 

^3.3,’ ®I.1*.2?4.4'^4.4 

The dentition of our common Hedgehog (Ermaeeus europceus' •Ej-inaceus. 
shows greater inequality in the upper and lower jaws, the formal ^ 
being — 

• 3 . 3 . ». 4 4 3.3 - " 

^ 3.3 » ^ 2.2 > ^ 3.3 



Gymnura. 


Kg. 84. 

Dentition of the Gymnima JUfflem. 


1 Odontography, 1842, p. 416. Mr Blyth has arrived, as it seems independently, at the same conclusion. He writes ; “ In the moles, as in 
most other Insectivora, and also in the Lemundoe, the lower canine is minute, and takes the form of an incisor, for which it has been very commonly 
mistaken, and the first premolar is developed to assume the form of a canine.” — Journal of the Asiatic Society^ No. 3, 1850. 

® See Brandt, Acta Petropol, ii. 1834. ® The name of the genus (<roXnv, a pipe, oSoyf, a tooth, relates to this structure.) 

* History of British Fossil Mammals, p. 25. 

See the beautiful monograph Swr les musaraignes, by Professor Duvernoy, in the Memoires de la Society d Histoire Naturelle de Strasbourg, 
1834, ® See De Blainville, Osteographie des Insectivores, p. 55 
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The first incisor in both upper and lower jaws is larger and longer 
than the rest, and is very deeply implanted in the jaw; the tooth 
' which follows the incisors is small in both jaws, hut especially so in 
the lower ; it has two roots in the upper jaw. The last premolar is 
the largest in both jaws; above it has a quadncuspid crown with 
three 4gs ; below, a snbcompressed tricuspid crown with two fangs 
The true molars decrease in size from the first to the thud in both 
laws, the first and second have subqnadrate four-pointed cro wns above ; 
below, they are narrower, and the anterior and inner angle is produced 

Th^ kue mofars of the tropical Hedgehogs, forming the sub-genera 
Echimps and Ericidus, are more simple, and approach the torm of 
those in the Chiysochlore, being compressed from before backwards, 
with two outer cusps and one inner cusp in the upper jaw, and with 
one outer and two inner cusps in the lower jaw. The number of 
incisors is f in both suh-genera, which are followed by f :f small 
and simple premolars ; hut Ericulus has compressed tricuspid 
molars, and EcUnops only J.' 

The large Tenrecs or tailless Hedgehogs of Madagascar, combine 
the simple molars of the Ericulus with the most formidably developed 
canines which are to he met with in the whole order Insectivora, 
The incisors are two in number in the upper jaw, but three in the 
lower jaw ; very small and sub-equal in both ; the canines are long 
and large, compressed, trenchant, sharp-pointed, recurved, and single- 
fanged, thus presenting all the typical characters of those teeth 
in the Carnivora, They are separated in both jaws by a wide space 
from the premolars ; the first above is compressed, unicuspid with a 
hinder talon, and two-fanged; the second has a larger prismatic tri- 
cuspid crown and three fangs ; of the four posterior teeth, which by 
their antero-posterior compression may he regarded as true molars, 
the first three have tricuspid crowns as in the Echinops, and have 
three fangs; thefourthissmaller, is tricuspid, and has two fangs; all 
the lower molars haTe two fangs. 

The teeth of the insectivora consist of a basis of hard dentine, 
with a thick coronal investment of enamel, and an outer covering of 
cement, very recognizable in the interspaces of the coronal cusps, 
in microscropic sections of the molars of the larger species, as 
the Tenrecs and MacrosceUes, and always thick where it closes 
the extremitv of the fangs. Here the cement is commonly more 
highly organized, is traversed by medullary canals, generally pre- 
senting concentric walls, thus assumes the character of true hone, 
and, in the is frequently continued into the substance of 

the jaw itself. 

The small proportion of dentine, in comparison with the thick 
layer of enamel, has been already alluded to in the Shrews, yet the 
dentinal tubuli are at their commencement very little inferior in dia- 
meter to those of the human incisors ; the trunks are very short, and 
are resolved into radiated penicilli of undulating branches, which 
quickly subdivide, interlace and anastomose together near the houn- 
aary line between the dentine and enamel. In most of the Imecti^ 
vora^ the secondary branches of the dentinal tubes are unusually 
conspicuous, especially in the dentine forming the fangs. The den- 
tinal compartments are rarely well defined ; in the large canines of 
the Centetes^ they are sub -hexagonal, and about ^^^th of an inch 
in diameter, but dimmish in size towards the periphery of the den- 
tine. 

The deciduous teeth of the Moles and Shrews are uterine, i. e., 
are developed, and disappear before birth. They are extremely 
small, and are all of the most simple form. In the foetal Sorexc 
araneusy calcification of the papillary exposed pulps of the teeth, 
which are succeeded by the first and second premolars, proceed 
to a very slight extent, and these microscopic rudiments appear to 
he absorbed rather than shed. The deciduous incisors are further 
advanced before their displacement, and present the form of equal- 
sized dentinal spioula, tipped with enamel, attached by the opposite 
end to the gum, and not exceeding ^^^th of an inch in lengm ; the 
number of the uterine series of teeth is 

In the volant Insectivora^ or Bats, the canines are always present 
in both jaws, of the normal form, and with slightly variable propor- 
tions. The molar series never exceeds and is divisible into 
premolars and true molars ; the latter are bristled, with sharp points, 
and this type characterises the great bulk of the Cheiroptera of 
Cuvier. The molars of the large frugivorous Bats {Iteropus) have 
flat crowns. 

The incisors are the most variable teeth in the Cheiroptera ; they 
may he entirely wanting, or he present in the numbers of 1.1 to 2.2 
m the upper, and from 1.1 to 3.3 in the lower jaw ; they are always 
very small, and, in the upper jaw, commonly unequal, and separated 
by a wide median vacancy. In the genus ChitonycteriSy the mid- 
incisors above, and the outer ones below, have the crown notched ; 
the mid-incisors below have two notches, producing three lobes oa 



the cutting border. Taking the common simple-nosed Bat ( Ves- Teeth of 
pertilio mvrinus) as a type of this Insectivorous group, we find its Mammals, 
dental formula to be — 

• 2_2 11 ^3 

3.3 1 C 1 J ; 3.3 = 

The dentition of the suctorial or Yampire Bats deviates, as Desmodus 
might be anticipated, in a remarkable degree from^ that of the In- 
sectivorous Bats. The crushing instruments required for the food 
of those species are not needed ; and the true molars, with their 
bristled crowns, are entirely absent in the Vampires {D^modus)^ 

(fig, 85). The teeth, at the fore-part of the mouth, are especially deve- 
loped, and fashioned for the infliction of a 
deep and clean triangular puncture, like that 
made by a leech. Tbe incisors are two in 
number above, closely approximated, one 
in each premaxillary hone, with a very 
large, compressed, curved, and sharp-pointed 
crown, implanted by a strong fang which 
extends into the maxillary hone. The upper Hg. 85. 

canines have similar large lancet-shaped skull and Teeth of the Vam- 
crowns, and their bases touch those of the pire-Bat {Desmodus Vam~ 
incisors. In the lower jaw the incisors are pirus). 
two in number on each side, much smaller than the upper pair, and 
with bilobed crowns. The lower canines are nearly equal m size to 
those above, and have similar piercing trenchant crowns. The molar 
series is reduced above to two very small teeth, each with a simple 
compressed conical crown, implanted by a single fang. The first 
two molars below resemble those above ; but they are followed by a 
third, which has a larger compressed and bilobed crown, implanted 
by two fangs. This tooth corresponds with the last promolar in the 
more normal genera of Insectivorous Bats. The dental formula of 
the true Yampire Bat {Desmodus\ is thus reduced to — 

. 1 . 1 . 1 . 1 . 2.2 
^ 2.2 ’ ^ 1.1 ’ -P 3.3 

The opposite extreme^ which the aberrant varieties of the Chei- Pteropiis. 
ropterous dentition attain, is manifested in the great frugivorous 
Bats — sometimes, hut erroneously, called Vampires — but whicK have 
never been met with in South America, the peculiar country of the 
true blood-sucking Bats. 

The complex stomach of a Pteropus is described as that of a 
Yampyre Bat in the “Lectures of Comparative Anatomy,” by Sir 
Everard Home, who thereupon infers that “ the Yampyre Bat lives 
on the sweetest of vegetables,” and that “all the stories related with 
so much confidence of its living on blood, and coming in the night 
to destroy people while asleep, are entirely fabulous,” p. 160. But 
the blood-thirsty habits of the true Yampyres have been observed or 
experienced by more than one scientific traveller in South America. 

Dr Spix calls one of these Bats, which he discovered in Brazil, 

Sanguisvga crudelissima and Mr Darwin has recorded the 
attack of another species which fastened upon the withers of his 
horse during a nocturnal bivouac in Chili.'-* 

In some African Pteropi {Pt, macroce'^halus and Pt, Whitei\ the 
last small molar would seem to bo wanting in both upper and lower 
jaws, according to Messrs Ogilby and Bennett * 

The frugivorous specieSj sometimes called “ flying foxes,” and by 
the French “ Kousettes,’’ include the largest animals of the order 
Cheroptera, and constitute the genus Pieropus ; their dental 
formula is — 

.2.3 1.1 2.2 3.3 

^25 J ® 1.1 J P 3.3 5 ““ 34. 

The deciduous teeth make their appearance above the gum 
in Bats, as in Shrews, before birth ; but they attain a more 
completely developed state, and are retained until a short time after 
birth, when they are shed. 

The Colugos ( Oalecpithecus) resemble the Bats in the great Galeopi- 
expanse of their parachute, formed by the fold of integument extend- thecus. 
ing on each side from the fore to the hind extremity ; but they 
appertain, by the essential characters of their organization, to the 
Lemuridce; the dental formula of the genus is — 

.2.2 1.1 2.2 3.3 
^ 3.3 J ^ 1.1 J P 2.2 1 ^ 345 — 

^e two anterior incisors of the upper jaw are separated by a wide 
interspace; in the Philippine Colugo they are very small, with simple 
bilobed ^ crowns ; but^ an the common Colugo (Lemur volans^ Linn ; 
Galeopithecus TemmincTci\ Wat.) their crown is an expanded plate, 
with three or four tubercles; the second upper incisor, which is 
unquestionably supported by the intermaxilfiiry bone, presents the 
peculiarity of an insertion by two fangs in both species of QaUopi- 
thecus. 

In the lower jaw the crowns of the first two incisors present the 


See 


’ See Mr Martin’s Memoir in the Zoohgkcd Transactions, vol. ii. 

^<>1* hh P* 25. » Trans, Zool Soc, ii. p. 34. 
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comb, and are in this respect unique in the class 
Mammalia; one is figured magnified three dia- 
meters in cut 86. This singular form of tooth is 
produced by the deeper extension of the marginal 
notches on the crown, analogous to those on the edge 
of the new-formed human incisor ; the notches being 
also more numerous as well as deeper ; each of these 
teeth is implanted by a single conical fang, 
i / In the broad pectinated incisors of the Galeopi- 

■ / thecus the pulp-cavity divides at the base of the 

‘ crown into as many canals as there are divisions of the 
’ crown, one being continued up the centre of each to 

\l within a short distance of its apical extremity. The 

Tig. 86. dentinal tubes which radiate from these canals have a 
Lower Incisor diameter at their origin of jjj^th of an inch ; they qui ckly 
of Galetmthe- divide and subdivide dichotomously, with rather large 
m. Magn. irregular secondary undulations, sending off many 
fine branches, and resolving themselves into numerous smaller rami- 
fications which interlace irregularly near the enamel. 

In different orders of the class Mammalia^ there are instances in 
which the ordinary number of incisors is diminished, and their grow- 
ing power transferred to a single pair of tusks projecting from the 
forepart of the upper or the lower jaw, or of both. The Dinotheres, 
Toxodons, Mastodons, and Elephants, among the Ungulata^ the 
Dugong in the JSirenia, the Aye-aye in the Quadrumana, the Dipro- 
todon and Wombat in the Marsupialia^ and the 1^‘arwbal amongst 
the Cetacea^ are instances of this modification ; which reaches its 
extreme in the latter mammal in which the dentiparous force seems 
concentrated in a single tooth of the upper jaw, which acquires the 
shape of a long spiral horn. 

But there is an extensive series of small Mammalia in which a 
single pair of large, curved, ever-growing incisors in each jaw is 
associated with so many other peculiarities of structure, as to have 
caused them to be regarded as a distinct order of the class, which 
Linnaeus defined as the Glires, and which Cuvier called, from the 
habit associated with that dental modification, “ Rongeurs,” Bodentia 
or Gnawers. These incisors (fig. 87, i), separated by a wide interval 

from a short series of 
molars, characterize 
the whole order of 
Rodents; the single 
exceptional family, 
LeporidoR, including 
Hares, Rabbits, and 
Picas or tailless Hares 
of Siberia (fig. 90) 
retaining a second 
minute incisor (z, 2) 
behind each of the 
large ones in the 
u^er jaw. 

The incisors are re- 
gularly curved, the 



Kg. 88, 

Skull and Teeth of a Forcupine. 

describing a larger segment of a smaller circle, the lower ones_(ig. 21 
a smaller segment of a larger circle ; these are the longest incisors, 
and usually nave their alveoli extended helow, or on the inner side 


upper ones (fig. 88, i) 



Cranium and Upper Teeth of the Patagonian Cary {PoltcUtU). 

of those of the molars to the back part of the lower jaw (fig. 21, »). 
As in all teeth of unlimited growth, the implanted part of the incisors 
retains the form and size of the exposed part or crown, to the widely 
open base, which contains a long conical persistent dentinal pulp 
(fig. 21, o), and is surrounded by the capsule in a progressive state of 
ossification, as it approaches the crown, an enamel-pulp being 
attached to the inner side of that part of the capsule which covers 
the convex surface of the curved incisor. The matrix is here noticed 
in connection with the tooth, because it is always found in full deve- 
i[opment and activity to the time of the Rodent’s death. 


The calcification of the dentinal pulp, the deposition of the earthy 
salts in the cells of the enamel-pulp, and the ossification of the cap- 
sule, proceed contemporaneously ; fresh materials being added to the ’ 
base of the vascular matrix as its several constituents are progres- 
sively converted into the dental tissues in the more advanced part of 
the socket. The tooth, thence projecting, consists of a body of ^com- 
pact dentine, sometimes with a few short medullary canals continued 
into it from the persistent pulp*cavity, with a plate of enamel laid 
upon its anterior surface, and a general investment of cement, which 
is very thin upon the enamel, but less thin, in some Rodents, upon 
the posterior and lateral parts of the incisor. The substances of the 
incisor diminish in hardness from the front to the back part of the 
tooth, not only in so far as the enamel is harder than the dentine, 
hut the enamel consists of two layers, of which the anterior and 
external is denser than the posterior layer, and the posterior half of 
the dentine is rendered by a modified number and arrangement of the 
dentinal tubes less dense than the anterior half. 

The abrasion resulting from the reciprocal action of the upper and 
lower incisors produces, accordingly, an oblique surface, sloping from 
a sharp anterior margin formed hy the dense enamel, like that which 
slopes from the sharp edge formed hy the plate of hard steel laid on 
the back of a chisel ; whence the name “ dentes scalprarii,’’ given to 
the incisors of the Rodentia. 

The varieties to which these incisors are subject in the different 
Rodents are limited to their proportional size, and to the colour and 
sculpturing of the anterior surface. Thus in the Guinea-pig, Jerboa, 
and Squirrel, the breadth of the incisors is not half so great as that 
of the molars ; whilst in the Coypu they are as broad, and in the 
Cape Mole-rats (Bathyergus and Orycteromys], broader than the 
molars. In the Coypu, Beaver, Agouti, and some other Rodents, 
the enamelled surface of the incisors is of a bright orange or reddish- 
brown colour. In some genera of Rodents, as Orycteremys, OtomySy 
Meriones, CHrvilla, JSydrochcervs^ Lepus, and Lagomys, the anterior 
surface is indented by a deep longitudinal groove. This character 
seems not to influence the food or habits of the species ; it is present 
in one genus and absent in another of the same natural family. In 
most Rodents the anterior enamelled surface of the scalpriform teeth 
is smooth and uniform. 

The molar teeth are always few in number, obliquely implanted 
and obliquely abraded ; the series in each side converging anteriorly 
in both jaws, but they present a striking contrast to the incisors in 
the range of their varieties, which are so numerous that they typify 
almost all the modifications of form and structure which are met 
with in the molar teeth of the omnivorous and herbivorous genera of 
other orders of mammalia. 

In some Rodents — Cavies (fig. 88), the molar teeth are root- 
less ; others — e. g., the Agouti, have short roots, tardily developed like 
the molars of the Horse and Elephant ; others, again — e.g.<t the Rat 
and the Porcupine, soon acquire roots of the ordinary proportional 
length. 

The differences in the mode of implantation of the molar teeth relate 
to the differences of diet. The Rodents, which subsist on mixed food, 
and which betray a tendency to carnivorous habits, as, e.g.^ the true 
Rats, or which subsist on the softer and more nutritious vegetable 
substances, such as the oily kernels of nuts, suffer less rapid abrasion of 
the molar teeth ; a minor depth of the crown is therelore needed to 
perform the office of mastication during the brief period of existence al- 
lotted to these active little Mammals ; and as the 
economy of nature is manifested in the smallest 
particulars as well as in her grandest operations, 
no more dental substance is developed after the 
crown is formed, than is requisite for the firm 
fixation of the tooth in the jaw. 

Rodents that exclusively subsist on vegetable 
substances, especially the coarser and less nutri- 
tious kinds, as herbage, foliage, the bark and 
wood of trees, wear away more rapidly the grind- 
ing surface of the molar teeth ; the crowns are 
therefore larger, and their growth continues by 
reproduction of the formative^ matrix at their 
base in proportion as its calcified constituents, 
forming the exposed working part of the tooth 
are worn away. So long as this reproductive force 
is active, the molar tooth is implanted, like 
the incisor, by a long undivided continuation 
of the crown. "When the force begins to he 
exhausted the matrix is simplified hy the suppression of the enamel- 
organ, and the dentinal pulp continues to he reproduced only at cer- 
tain points of the base of the crown, which by their elongation con- 
stitute the fangs. The Beaver and other Rodents, in the second 
category of the order, according to the implantation of the molar 
teeth, exemplify the above conmtion. But in the Capybara, BoU- 
chotis (fig. 88), and other Rodents with rootless molars, the repro- 
duction of the grinders, like that of the incisors, appears to continue 
throughout the animal’s existence. The rootless and perpetually 
growing molars are always more or less curved (fig. 88, jw) ; they 
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Teeth of derive from this form the j^atrix'from 

OT./1 rmfSititv of enamel and cement interblended with the dentine, 
fheroodess molars of the strictijr 
The^crowns of the rooted molars of the 

OY-A nlTno<?t as simnle as the tuberculate molars of the Bear or ot the 
T,„n'«Ti subiect, wEich they appear to typify. They are at first^her- 
ordate. When the summits of the tubercles are worn off, the 
ineanalitv of the grinding surface is for a time maintained by the 
d3r trLverse lids of enamel, the margins of which are separated 
by Sternate valleys of dentine and cement ; but these folds, sinfang 
tn a sh'ffht depth, are in time obliterated,^ and the grinding 


The transverse section of the molar of the Water-vole (fig. 89) Teeth of 
shows that modification of the grinding surface in which the folds of Mammals, 
enamel (e) extend like promontories, some outwards, the others in- 
■wards, into the substance of the crown ; a like section of the Beaver’s 
molar exhibits islands with a promontory of enamel. The transverse 
section of the crown of the molar of Lagostomus displays not fewer 
than five islands of enamel, which hard substance is so thick that it 
enters more abundantly into the composition of the tooth than the 
dentine itself. 

The pulp, after the formation of a certain thickness of tubular 
dentine, becomes converted into osteo-dentine in both the rooted and 
rootless molars of the Eodents. This^ fourth substance is exhibited 
at o in the magnified transverse section of the Water-vole’s molar 
'"fig. 89), which shows the four difterent dental tissues, viz. cement 
c) enamel (e), dentine (d)^ and osteo-dentine (o), entering in more 


only to a slight depth, gimplf border ^ual proportions into the formation of the crown than has hitherto 

surface is reduced to a smoothfield of de > , , inflected been demonstrated in any other mammalian tooth. Whentheorown 

of enamel. Bxamnles of various forms assumed by tbe inneotea mastication down to the, place of the section figured, the 

of li'ther natur&tf ' These fofds have a gener^ four auhstances appear in Ae si^e sur- 

tendency to a transverse direction across the crown of the tooth. 

Baron Cuvier has pointed out the concomitant modification ot the 
shape of the joint of the lower jaw, which, almost restricts it to hori- 
zontal movements to and fro, in the direction of the axis of the head, 
during the act of mastication. When the folds of enamel dip m 
vertically from the summit to a greater or less depth into the sub- 
stance of the crown of the tooth, as in those molars which have roots 
the configuration of the grinding surface varies with the degree ot 
abrasion; hut in the rootless molars, where the folds ot enamel 
extend inwards from the entire length of the sides of the tooth, ^ the 
characteristic configuration of the grinding surface is niaintmned 
without variation, as in the G-uinea-pig, the Capybara, and the Bata- 

^TlCwS exterior of the moUr teeth of the Sodmtiaia covered 
by cement, and the external interspaces of the enamel-folds are filled 
with the same substance. In the Chinchillidas and the Capybara, 
where the folds of enamel extend quite across the body of the tooth, 
and insulate as many plates of dentine, these detached portions are 
held together by the cement. Such folds of enamel are usually 
parallel, as in the large posterior lower molar of the Capybara, which, 
m shape and structure, offers a very close and interesting resem- 
blance to the molars of the Asiatic Elephant. _ 

The modification observed in the Voles {Arvicola) calls to mind 
the molars of the African Elephant and some mastodons. The par- 
tial folds and islands of enamel in the molars of the Porcupine and 
Agouti typify the structure of the teeth of the Rhinoceros. The 



Tig. 89. 

Structure of the Molar of the Water-Tole (Arvicola amphilia), magnified. 

opposite lateral inflections of enamel in the molars of the Gerhille 
and Cape Mole-rat, represent the structure of the molars of the Hip- 
popotamus. The double crescentic folds in the Jerboa sketch out, 
as it were, the characteristic structure of the molars of the Anoplo- 
there and Ruminants, &c. 


face, contributing to its efficiency as a triturating organ by the ine- 
qualities consequent on their various degrees of density and resist- 
ance to the abrading forces. 

The molars are not numerous in any Rodent ; the Hare and Rab- 
bit (Zepus), have i, e., six molars on each side of the upper jaw 
(fig. 90), and five on each side of the lower jaw (fig. 91). The 
PiSa (Lagomys), has |:s. The Squirrels have The families of 
the Dormice, the Porcupines, the Spring-rats (Ec}iimyidasi\ the Oc- 
todonts, the Chinchillas, and the Cavies (fig. 88), have molars. 
In the great family of Rats {Muridm)^ the normal number of molars 
is 3 ; but the Australian Water-rat (Hydromys), has hut molars, 

making, with the incisors, twelve teeth, which is the smallest num- 
ber in the Rodent order. The greatest number of teeth in the pre- 
sent order is twenty-eight, which is exemplified in^ the Hare and 
Rabbit ; but forty teeth are developed in these species, ten molars 
and two incisors being deciduous. 

In all the Rodents in which the number of molars exceeds three 
in a series, the additional ones are anterior to them, and are pre- 
molars, L e., they have each displaced a deciduous predecessor in the 
vertical direction. This it is which constitutes the essential distinc- 
tion between the dentition of the marsupial and the placental Rodent ; 
the latter, like the placental Carnivora^ Quadrumana, and Ungulata^ 
having never more than three true molars. Thus the Rodents 
which have the molar formula of shed the first tooth in 
each series, and this is succeeded by a permanent premolar which 
comes into place later than the true molars — plater at least 
than the first and second, even when the deciduous molar 
is shed before birth, as was observed by Cuvier in the Guinea 
Pig. In the Hare and Rabbit, three anterior teeth in the 
upper jaw (fig. 90 p) succeed and displace three deciduous 
predecessors (fig. 

90, d), coming 
into place after 
the first and 
second true mo- 
lars (fig. 90, m) ^ 
are iu use, and^ 
contemporane- 
ously with the 
last molar. It 

that the^ sSfpri- Deciduous and Permanent Teeth of tlie Hare. 

form incisors (fig. 90, i) are preceded by milk teeth, or, like 
the premolars of the Guinea Pig, by uterine teeth; but 
the second incisor (fig. 90, i 2) is so preceded — -e. g., by 
the tooth marked d, i, 2, at which period of dentition six 
incisors are present in the upper jaw.® This condition is 
interesting both as a transitory manifestation of the normal 
number of incisive teeth in the mammalian series, and it eluci- 
dates the disputed nature of the great anterior scalpriform teeth of 
the Rodentia. 

Geoffroy St Hilaire contended® that the scalpriform teeth of the 
Rodents were canines, because those of the upper jaw extended 
their fang backwards into the maxillary bone, which lodged part of 



Tig, 90. 


See Natva’cd History of the Mammaluti by G. R. Waterhouse ; order Rodentia. 8vo, 1849. Ossemens JFbssiies, G. Cuvier. Zes Hmts de 
Mammifiresy F. Cuvier. ■ 2 ^04, fig. 5. 

* Geoffroy St Hilaire, in his Sy^ieme pentaire d^Oheaux^ 8vo, 1824, Appendix, p. 73, claims the discovery for himself by prevision, and 
frr his assistant Delalande by demonstration, of this interesting fact. “ Je vis la un mode d’arrangement, comme on Pavait observd chez les Kan- 

g uoos ; €t dans la ckaleur d'improvisaiion, je m’avisai dajouter que peut-6tre un cas d’atrophie avait caus6 I’absence de les trfeisieme paire de dents, 
quelle, ne manquant chez les lapins que pour ce motif, n’emepcherait pas qu’ils ne fussent, tout aussi bien i I’dgard des incisives que sous d’autres 
rapports, comparables aux Kpguroos. J’etais comme de cotiime accompa^d de M. Delalande, qui prdparait mes le 9 ons ; il prit confiance dans 
mon apper^u; il fi,t, dans un intervalle de deux jours, et sans m’en parler, des xecherches a cet dgard ; et, d la legon suivant, il me surprit en me prd- 
sentant d^ant les fel^ves plusieurs pieces fraiches : ‘ Void me dit il, en existence positive, voici eu fait, ce que vous avez present! pouvoir 6tre; voici 
les tetes des lapins avec six" dents incisives.’ M. Lemaire de Lisancourt, aujourdhui membre de TAcad. R, deMddecine, Tun de mes auditeurs d 
cette epoque, pent se rappeler la vive sensation que cela fit sur les dldves,” p, 72. 

Isidore GeofOroy StHfiaire cites the opinion in Art. Rongeurs, Diet. Classique d’Histoire Naturelle 
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Fig. 91 . 


Teeth of their hollow base and matrix. But the scalpriform teeth are con- 
Mammals. fined exclusively to the premaxillary hones at the beginning of their 
formation, and the smaller incisors which are developed behind them, 
in our anomalous native Kodents, the Hare and Babbit, retain their 

usual relations with the 
premaxillaries, thus pro- 
ving, a fortiori^ that the 
tooth which projects 
anterior to them must 
also be an incisor. 

Fig. 91 shows the 
single incisor (i) of the 
lower jaw, the two de- 

Lower Deaduoos irnd Permaeiont Teeth of the Here. 

and the three molars (m), of the young Hare {Lepus timidus). 

The law of the unlimited growth of the scalpriform incisors is 
unconditional ; and constant exercise and abrasion are required to 
maintain the normal and serviceable form and proportions of these 
teeth. When, by accident, an opposing incisor is lost, or when, by 
the distorted union of a broken jaw, the lower incisors no longer 
meet the upper ones, as sometimes happens to a wounded hare,^ the 
incisors continue to grow until they project like the tusks of the 
Elephant, and their extremities in the poor animal’s painful attempts to 
acquire food, also become pointed like tusks. Following the curve 
prescribed to their growth by the form of their socket, their points 
often return against some part of the head, are pressed through the 
skin, then cause absorption of the jaw-bone, and again enter the 
mouth, rendering mastication impracticable, and causing death by 
starvation. 

In the Museum of the College of Surgeons, Ko. 2203, Osteolo^cal 
Series, there is a lower jaw of a Beaver, in which the scalpriform 
incisor has, by unchecked growth, described a complete circle. The 
point has pierced the masseter muscle, and entered the back of the 
mouth, passing between the con- 
dyloid and coronoid processes of the 
lower jaw, descending to the back 
part of the molar teeth, in the advance 
of the part of its own alveolus, which 
contains its hollow root. 

The upper jaw of a Rabbit, with an 
analo^-ous abnormal growth of the 
scalpriform and accessory incisors, is 
figured in cut 92 

* 1 .' Cheiromys . — In this genus of the 

Order ot Abnormal Srowth. LimslB, reprefented bjr the 

Qradru- Aye-aye (fig. 93), as in Phaacohmys amongst the Marsupials, JDeamodus 

Cheiromys. 



Forepart of Upper Jaw of a Eabbit, 



Kg. 93. 

Sban and Dentition of the Aye-aye (Cheiromys Madaffoscariensis). 

amongst the Bats, and JSbrex amongst the Insectivores, the dentition 
is modified in analogical conformity with the Rodent ty^e, to which, 
in the present instant, it makes a very close approximation, the 
canines being absent, and a wide vacancy separating the single pair 
of large-curved scalpriform incisors in each jaw from the short series 
of molars. 

The upper incisors are compressed, presenting a narrow oval 
transverse section, with tbe long diameter from before backwards. 
They are curved in the segment of a circle, and deeply implanted. 
The short exserted crowns touch one another ; their simple widely 
excavated fangs diverging as they penetrate the substance of the 
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jaw. These crowns also project obliquely forwards, and do not ex- 
tend vertically downwards, as in tbe true jRodentia. 

The lower incisors are more depressed, and of greater breadth from 
before backwards, than the upper ones. They are more curved than 
in the Bodentia, describing a semicircle, three-fourths of which are 
lodged in the socket, which extends backwards beyond the last molar 
tooth to the base of the coronoid process. The most important cha- 
racter by which the incisors of this anomalous Lemur differ from 
those of the is the entire investment of enamel, which is, 

however, thicker upon the front than upon the back part of the tooth. 

Tho molar teeth are four on each side of tbe upper jaw, and three on 
each side of the lower jaw; implanted vertically and in parallel 
lines. The molars are of simple structure, with a continuous outer 
coat of enamel, and a flat subelliptic grinding surface. The upper 
ones are of unequal size, the first being the smallest and tbe second 
the largest. In the lower jaw the inequality is less, and the last 
molar is the least. The first and last molars above Lave but one 
root ; the second and third have each three roots. The first lower 
molar has two roots ; tbe second and third have each a single root. 

The dental formula, in the Slow Lemurs (Stenops), is — 

.22 1.1 3.3 3 3 

^ 2 2 ’ ® 1 1 3.3 ’ ^ 3 3 

In the Stenops Tardigradus^ the first upper incisor is larger than 
the second, as in the genus Tarsius. 

The true Lemurs or Makis [Lemur ^ ^^-ve the same number Lemur, 

and kind of teeth as the Slow Lemnrs. The inferior canines are 
compressed and procumbent like the incisors, hut are a little larger. 

In the upper jaw the incisors are small and vertical, with short ex- 
panded crowns ; the two on the right side are separated by a wide 
space from the two on the left. The canine (c) is long, curved, com- 
pressed, sharp-edged, and pointed. Tbe three premolars have the 
outer part of the crown prolonged into a compressed pointed lobe, 
whilst the inner part forms a tubercle, which is largest in the second 
and third. In the true molars the inner division of the crown is so 
increased as to give it a quadrate form, the outer division being 
divided into two pointed lobes. The first of the true molars is the 
largest in both jaws. 

All the Quadrumana of America are distinguished from the Apes Platy- 
and Monkeys of the Old World by certain well-marked characters ; rhynse. 
of these, the position^ of the nostrils at the sides of the broad nose, 
whence their collective name, is the most conspicuous ; but they 
have a more important dental distinction in the superior number of 
the premolars, which are f instead of |:|, whereby the American 
Monkeys manifest their closer affinity to the Lemurs, and their infe- 
rior position in the zoological scale. The small “ Marmosets,*’ how- 
ever, forming the genera Jffapale and Midas^ have but two true 
molar teeth on each side of both jaws — their dental formula being — 


c » ^-3. , 


i = 32. 
2.2 


2;2 ’ ’ 1.1 ’ 33 ' 

The lemurine character of the long, narrow, inferior incisors con- 
tinues to be manifested by the Sakis [Fithecia III.), which, like the 
larger species of Platyrhines called Howlers, Capuchins, and Spider- 
Monkeys, have the normal number of true molar teeth in the Qua- 
drumanous order — their dental formula being — 

The Capuchin Monkeys [Celus) (fig. 94) have the four lower 



Dentition of a Capuchin Monkey (Cehus secttiulm). 
incisors (^) with broad, thick wedge-shaped trenchant crowns ; a form 


^ Professor Budge has described and figured the upper and lower jaws of a hare with pretematurally directed and elongated tusks, in the 
Verhandlingen des Naturhistor, Vereines der Treuss. Rheinlande, 6tes Jahrgang. 8vo, 1849, p. 606. 

* See the specimens, Nos. 1966-1971, Miis. Coll. Chw. Lond. 
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rtioh these teeth retain, with slight modifications throughout the 
rest of the Quarlrumanous order. The canines (c) are sunicieutly 
developed to inflict severe wounds. The first three of the molar 
series (p, 2, 3, 4) are bicuspid premolars ; the rest (w 2 , 1, 2, 3) are 
quadricuspid true molars. , . - 

All the Plat/rhine Monkeys have four more teeth m their first 
dentition than the Gatarhine or Old World Quadrumanes possess— 
the deciduous formula being — 

24. 


. - 1*1 
'23’ “ n 




Fig. 95 shows the deciduous series in place, together with the first 
of the permanent true molars (m, i) ; the 
germs of the rest of the permanent teeth 
are exposed in the upper jaw, 

Catarhlna. In the Gatarhine division of the order, the 
first or deciduous dentition consists, as in 
man, of— 

The two milk molars are displaced and suc- 
ceeded vertioallj by the two bicuspid pre- 
molars, and are followed horizontally by 
three true molars on each side of both upper 
arid lower jaws. The permanent formula in 
all the Old World Qmd/rwmana is — 


As the precise characteristics of the human dentition are best de- 
monstrated by comparison with that hrute species which is most 
nearly allied to man, and makes the first step in the descending 
scale, the details of such a comparison may perhaps be not unaccep- 
table, as one of its subjects is a species of Chimpanzee {Troglodytes 
(Jon'ZZu;), unknown to science when the writer’s “Odontography” 
was published, and which, so far as its organization is known, is 
more anthropoid than even the docile and smaller species of Chim- 
panzee {Troglodytes niger). A side view of the teeth of a male full- 
grown, but not aged, specimen of the great Chimpanzee is given of 
the natural size in (fig. 96). This dentition, though in all its priu- 


Teeth of 



22 ’ 


cli: 
1.1 ‘ 


2.2’ 33 


= 32. 


The incisors have always a shape conform- 
able to their name, but are very thick and 
strong ; in the upper jaw the middle are 
larger than the lateral ones, and both are 
larger than those below. The canines are 
conical, pointed, with trenchant posterior 
margins, always^ longer than the adjoining 
teeth, and acquiring, in the males of the 
great Baboons and Orangs, the proportions 
of those teeth in the true Qamivora. The 
Mandrills ( Cynocephalus mamon) have these 
dental weapons most formidable for their size 
imd shape; espeoiallj the upper pair, which descend behind the 
iJ crowns of the lower incisors, 
^ . and along the outside of the 

i i first lower premolars, the crowns 
of which seem as if bent back 




Kg. 95. 


hy the action of the upper can- 
ines ; the anterior longitudinal 

f roove of these canines is very 
eep, their posterior margin 
very sharp. A long diastema 
divides the upper canine from 
the incisors, a short one sepa- 
rates it from the premolars; 
these and the three true mo- 
lars, are arranged in a straight 
line. 


Deciduous and Permanent Teeth of a Young r x'l ^ x /-ri* 

Cebm Amelia. fh© great Orang-utan {Fv- 

thecuA Wurmhi) the median in- 
cisors of the upper jaw are of unusual size and strength ; the thickness 
(antero'posterior diameter) of the base of the crown almost equals the 
breadth of the same ; and they are double the size of the lateral 
incisors. The abraded surface of the front incisors in the old Orang 
forms a broad tract extending obliquely from the cutting edge to the 
back part of the base of the crown *, the lateral incisors are more 
pointed, the outer angle being obliquely truncated ; a vacant space 
of their own breadth divides them from the canines. These, in the 
male of the Great Orang (Wurmb’s Pongol have a long and strong 
Bhghtly-cuTved crown, extending below the alveolar border of the 
under jaw when the mouth is shut, with a moderately sharp posterior 
margin, but without an anterior groove ; the crown is convex exter- 
nally, with a slight convexity between two longitudinal depressions 
on the inner surface. In the female Orang the canines are smaller ; 
the crowns extend only a short distance beyond the level of the ad- 
joining molars.^ 

In tne upper jaw both premolars and molars are implanted by three 
diverging roots, two external and one internal ; in the lower jaw the 
corresponding teeth are each implanted hy two strong diverging roots : 
the senes of grmders forms a straight line on each side of both jaws. 


Pig. 96. 

Dentition of an Adult Male {Troglodytes Gorilla), nat. size. 

cipal characters strictly quadrumanous, yet, in the minor particulars 
in which it differs from tue dentition of the Orang, approacnes nearer 
the human type. In the upper jaw the middle incisors (i) are 
smaller, the lateral ones (fig. 96, i, 2) larger than those of the Urang; 
they are thus more nearly equal to each other ; nevertheless the pro- 
portional superiority of the middle pair is much greater than in Man, 
and the proportional size of the four incisors both to the entire skull 
and to the other teeth is greater. Each incisor has a prominent pos- 
terior basal ridge, and the outer anglo^ of tho lateral incisors {i, 2) is 
rounded off as in the Orang. The incisors incline forwards from the 
vertical line as much as in the great Orang. Thus the characteris- 
tics of the human incisors are, in addition to their true incisive 
wedge-like form, their near equality of size, their vertical or nearly 
vertical position, and small relative size to tlic other teeth and to the 
entire skull. The diastema between the incisors and the canine on 
each aide is as well marked in the male Gorilla as in the male Orang. 
The crown of the canine (fig. 96, c), passing outside the interspace 
between the lower canine and premolar, extends in the male Troglo- 
dytes Gorilla a little below the alveolar border of the under jaw 
when the mouth is shut ; the upper canine of the male Troglodytes 
niger likewise projects a little below that border. In the male of the 
smaller Chimpanzee {Troglodytes niger\ the upper canine is conical, 
pointed, but more compressed than in the Orang, and with a sharper 
posterior edge ; convex anteriorly, becoming flatter at the posterior 
half of the outer surface, and concave on the corresponding part of 
the inner surface, which is traversed by a shallow longitudinal impres- 
sion ; a feeble longitudinal rising, and a second linear impression 
divide this from the convex anterior surface, which also bears a lon- 
gitudinal groove at the base of the crown. The canine is rather 
more than twice the size of that in the female. In the male Gorilla 
(fig. 96, c), the crown of the canine is more inclined outwards ; the 
anterior groove on the inner surface of the crown is deeper ; the pos- 
terior groove is continued^ lower down upon the fang, and the ridge 
between the two grooves is more prominent than in the Troglodytes 
niger. Both premolars (fig. 96, p 3 and p 4j are bicuspid ; the 
outer cusp of the first, and the inner cusp of tlie second being the 
largest, and the first premolar {p 3) consequently appearing the 
largest on an external view. The difference is well marked in the 


recorded a variety wWoK he observed in the dentition of a full-grown Orang-utan, in the 
iiMlar^ “ OapeUa at Utrecht, viz., a supernumerary molar on each side of both jaws, making six molars, of which two only 


In the writer’s o... 
collectloxL of the Baron y ai 

had the form of premolars. " ' *' * ***& ***>.*«-.», 

jaw^fte 

with tilt sam ^pemvSwS *molM on\a!*^^ ®?™«® (Pif^ecru, J/orio), the writer observed the sknll of an adult male 

These instaneenUu^^. ® “ “e^PPer jaw, but not in the lower jaw.— rrons. ^ool. Soc. 

in an occasional arrest of developmL i the’StteitucCg ^ ^ manifested 
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Teeth of female (fig. 97). The anterior external angle of the jfirst premolar is 
IMammals. not produced as in the Orang, which in this respect makes a marked 
approach to the lower Qmdrumana. In Man, where the outer curve 



I'lg. 97. 

Dentition of an Adult Female Gonlla. 

of the premolar part of the dental series is greater than the inner 
one, the outer cusps of both premolars are the largest; the alternat- 
ing superiority of size in the Chimpanzee accords with the straight 
line which the canine and premolars form with the tme molars. 

The true molars (fig. 96, m 1, 2, m 3) are quadricuspid, rela- 

tively larger in comparison with the bicuspids than in the Orang. 
In the first and second molars of both species of Chimpanzee, a low 
ridge connects the antero-internal with the postero-extemal cusp, 
crossing the crown obliquely, as in Man. There is a feeble indica- 
tion of the same ridge in the unworn molars of the Orang ; but the 
four principal cusps are much less distinct, and the whole grinding 
surface is flatter and more wrinkled than in the Chimpanzee. ^ In the 
Troglodytes niger the last molar is the smallest, owing to the inferior 
development of the two hinder cusps, and the oblique connecting 
ridge is feebly marked. In the Troglodytes Gordla this ridge is as 
well developed as in the other molars, but is more transverse in 
position ; and the crown of wi 3 is equal in size to that of m 1 or m 2, 
having the posterior outer cusp, and particularly the posterior inner 
cusp, more distinctly developed/ than in the Troglodytes niger. The 
repetition of the strong sigmoid curves which the unworn promi- 
nences of the first and second true molars present in Man, is a very 
significant indication of the near affinity of the Chimpanzee as com- 
pared with the approach made by the Orangs or any of the inferior 
Quadrumana, in which the four cusps of the true molars rise distinct 
and independently of each other. A low ridge girts the base of the 
antero-internal cusp of each of the upper true molars in the male 
Chimpanzee ; it is less marked in the female. The premolars as 
well as molars are severally implanted by one internal and two 
external fangs, diverging but curving towards each other at their 
ends, as if grasping the substance of the jaw.^ I have found the two 
outer fangs of the second premolar connate in one female specimen 
of the Troglodytes niger. In no variety of the human species are 
the premolars normally implanted by three fangs ; at most the root 
is bifid, and tbe outer and inner divisions of the root are commonly 
connate. It is only in tbe black varieties, and more particularly 
that race inhabiting Australia, that I have found the wisdom tooth 
(m 3) with three fangs as a general rule ; and the two outer ones 
are more or less confluent. 

In the lower jaw of the Gorilla the lateral incisors are broader 
than the middle ones, although they are smaller relatively than in 
the Tro^dytes niger; they are larger and less vertically implanted 
than in Man. The lower canines are two inches and a half in length, 
including the root ; the enamelled crown is an inch and a quarter in 
length, and nearly an inch across the base ; it is conical and trihedral ; 
the outer and anterior surface is convex, the other two surfaces are 
flattened or subconcave, and converging to an almost trenchant edge 
directed inwards and backwards ; a ridge separates the convex from 
the antero-internal flat surface ; both this and the posterior surface 
show slight traces of a lonmtudinal rising at their middle part. The 


is three times the size of the human first'premolar (p 3) ; it has a sub- 
trihedral crown, with the anterior and outer angle produced forwards, 
slightly indicating the peculiar feature of the same tooth in the 
Baboons, but in a less degree than in the Orang. The 
summit of the crown of 3 terminates in two sharp 
trihedral cusps — the outer one rising highest, and the 
second cusp being feebly indicated on the ridge ex- 
tending from the inner side of the first ; the crown has 
also a thick ridge at the inner and posterior part of its 
base. The second premolar (p 4) has a subquadrate 
crown, wdth the two cusps developed from its anterior 
half, and a third smaller one from the inner angle of 
the posterior lidge. Each lower premolp is implanted 
by two antero-posteriorly compressed divergent fangs, 
one in front of the other, the anterior fang being the 
largest. 

The three true molars are equal in size in the Troglo- 
dytes Gorilla; in the Troglodytes niger (fig. 98), the 
first (m 1) is a little larger than the last \m 3), which 
is the only molar in the smaller Chimpanzee as large as 
the corresponding tooth in the black varieties of the 
human subject, in most of which, especially the Austra- 
lians (fig. 99), the true molars attain larger dimensions 
than in the yellow or white races. The four principal 
cusps, especially the two inner ones of the first molar 
of both species of Chimpanzee, are more pointed and pro- 
longed than in Man; a fifth small cusp is developed 
behind the outer pair, as in the Orangs and the Gib- 
bons, but is less than that in Man. The same addi- 
tional cusp is present in the second molar, which is 
seldom seen in Man. The crucial groove on the 
grinding surface is much less distinct than in Man, 
not^ being continued across the ridge connecting 
the anterior pair of cusps in the Chimpanzee. The crown of 
the third molar is longer antero-posteriorly from the greater 
development of the fifth posterior cusp, which, however, is rudi- 
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Teeth of Eight Side, Lower Jaw, of adult male Chimpanzee, {Troglodjites wger). 
Nat. size. 

mental in comparison with that in the Semnopitheques and Macaques. 
All the three true molars are supported by two distinct and well- 
developed antero-posteriorly compressed divergent fangs, longitu- 
dinally excavated on the sides turned towards each other ; in the 
white and yellow races of the human subject these fangs are 
usually connate in m 3, and sometimes also in m 2. The molar 
series in both species of Chimpanzee forms a straight line, with a 
slight tendency, in the upper jaw, to bend in the opposite direction 
to the well-marked curve which the same series describes in the 
human subject. 

This difference of arrangement, with the more complex implanta- 
tion of the premolars, the proportionally larger size of the incisors as 
compared with the molars ; the stiU greater^ relative magnitude of 
the canines ; and, above all, the sexual distinction in that respect 
illustrated by figs. 96 and 97, stamp the Gorillas and Chimpanzees 
most decisively with not merely specific hut generic distinctive 
characters as compared with Man. For the teeth are fashioned in 
their shape and proportions in the dark recesses of their closed 
formative alveoli, and do not come into the sphere of operation of 
external modifying causes until the full size of the crowns has been 
acquired. The formidable natural weapons with which the Creator 
has armed the powerful males of both species of Chimpanzee, form 
the compensation for the want of that psychical capacity to forge 
destructive instruments which has been reserved, as his exclusive 
prerogative, for Man. Both Chimpanzees and Orangs differ from the 

^ ^ ^ _ unman subject in the order of the development of the permanent 

lower canine of the male ^ows the same relative superiority of size series of teeth ; the second molar (m 2) comes into place before either 
as the upper one compared with that in the female in both species of of the premolars has cut the gum, and the last molar (m 3) is acquired 
Chimpanzee. The canine almost touches the incisor, hut is separated before the canine. We may well suppose that the larger grinders 
by a diastema one line and a half broad from the first premolar, are earlier required by the frugivorous Chimpanzees and Orangs than 
This tooth (p 3) is larger externally than the second premolar, and by the higher organized omnivorous species with more numerous and 
YOL. XVI. 3 M 



458 

Teeth of 
Mammals. 



Homo. 


ODONTOLOGY. 


varied resources, and probably one main condition of the eariier 
development of the canines and premolars in Man may be their 
smaller relative size. . . 

Having reached, in the Gorilla, the highest step in the senes of 
the brute creation, our succeeding survey oi the human dental system, 
cleared and expanded by retrospective comparison, becomes fraught 
with peculiar interest, since every diiference so detected establishes 
the true and essential characteristics of that part of^man s Irame. 

The human teeth are the same in number and in kind as those of 
the Chimpanzee and Orang-utan, nor does man differ in this respect 
from any of the inferior catarhine Quadrumanes. The human 

dental formula is therefore — 

, 2.2 1 . 1 , 2.2 3.3 

® 2.2 ’ ^ 1.1 ’ ^ 2.2 ’ ^ 3.3 ® ^ 

that is to say, there are on each side of the jaw, both above and he- 
ow, two incisors, one canine, two premolars, and three true molars. 

They are more equal in size than in the Quadrumana. ^ No tooth 
surpasses another in the depth of its crown ; and the entire series, 
which describes in both jaws a regular parabolic curve, is^ uninter- 
rupted by any vacant space (fig. 99). The most marked distinction 

- . -y 
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Teeth of Left Side, Lower Jaw, of Adult Male Australian. Nat. size, 
between the dentition of Man and that of the highest Quadrumanes, is 
the absence of the interval between the upper lateral incisor and the 
canine, and the comparatively small size of the latter tooth (fig. 100, c); 
but its true character is indicated by the conical form of the crown, 
which terminates in an obtuse point, is convex outwards, and flat or 
sub-concave within, at the base of which surface there is a feeble pro- 
minence. The conical fonn is best expressed in the Melanian races, 
especially the Australian (fig. 99, c). The canine is more deeply 
implanted, and by a stronger fang than the incisors ; but the con- 
trast with the Chimpanzee is sufficiently manifest, as is shown in 
fig. 98. There is no sexual superiority of size either of the canine or 
any other single tooth in the human subject. 

Both upper and lower premolars (fig. 99, j? 3 and 4) are bicuspid ; 
they are smaller in proportion to the true molars than in the Chim- 
panzee and Orang. In the upper premolars a deep straight fissure 
at the middle ot the crown divides the outer and larger from the 
inner and smaller cusp ; in the lower premolars the boundary groove 
describes a curve concave towards the outer cusp, and is sometimes 
obliterated in the middle by the extension of a ridge from tbe outer 
to the inner cusp, which cusp is smaller in proportion than in lie 
upper premolars. These teeth in both jaws are apparently implanted 
each by a single, long, subcompressed, conical fang; but that of the 
upper premolars is shown by the bifurcated pulp-cavity to be essen- 
tially two fangs, connate, and which, in some instances, are sepa- 
rated at their extremities. 

^ The crowns of the true molars fi^. 99, m 1, 2, 3) are larger in propor- 
tion to the jaws, are a little larger in proportion to the bicuspids, and 
still more, so in proportion to the canine and incisor teeth, than in 
the Chimpanzees and Orangs. The contour of the grinding surface 
is more rounded, and we have seen that the higher Quadrumana 
already approximate to this character by the angles of the crown being 
less marked than in the lower Quadrumana. The first and second 
true molars of the upper jaw support four trihedral cusps ; the in- 
ternal and anterior one is the largest, and is connected with the 
external and posterior cusp by a low ridge extending obliquely across 
the grinding surface, with a deep depression on each side of it; the 
anterior groove extending to the middle of the outer surface, the 
posterior one to the inner surface. The enamel is first worn away 
by mastication from the anterior and internal or largest tubercle, a 
line of enamel extending from the outside to the middle of the crown 
is the last to be removed before the grinding surface is reduced to a 
field of dentine with a simple ring of enamel. It is worthy of remark 
that by the time when the permanent teeth have come into place the 
first true molar in both jaws is much more worn, as compared with 
the second and third molars, than it is in the Chimpanzee or Orang 
owing to the slow attainment of maturity characteristic of the hxmSa 
species, afid the longer interval which elapses between the- acquisi- 
tion of the fir^ and the last true molars, than in the highest Quad- 
ru^na. In the last true molar, called from its late appearance the 
w wisdom-tooth, the two inner tubercles are 

< ^ extends in many instances, especially 

in the Melanian Tmetiea, from the middle of the grindiiSg rarfaoe. 


The first upper molar is always implanted by three diverging Teeth of 
fangs, two external and one internal. The second molar is usually Mammals, 
similarly implanted, but the two outer fangs are less divergent, are 
sometimes parallel, and occasionally connate ; this variety appears 
to be more common in the Caucasian than in the Melanian races ; and 
in tbe Australian skulls examined by the writer, the wisdom-tooth 
has always presented the same three-fanged implantation as in the 
Chimpanzee and Orang. 

The crowns of the inferior true molars are quinque-cuspid, the 
fifth cusp being posterior and connected with the second outer cusp ; 
it is occasionally obsolete in the second molar. The four normal 
cusps are defined by a crucial impression, the posterior branch of 
which bifurcates to include the fifth cusp ; this bifurcation being 
most marked in the last molar where the fifth cusp is most developed. 

In the first molar a fold of enamel, extending from the inner surface 
to the middle of the crown, is the last to disappear from the giunding 
surface in the course of abrasion. The wisdom-tooth (fig. 99, m 3j 
is the smallest of the three molars in both jaws, but the difference 
is less in the Melanian than in the Caucasian races. Each of the three 
lower molars is inserted by two sub-compressed fangs, grooved along 
the side, turned towaids each other. This double implantation 
appears to be constant in the Melanian, especially the Australian 
race (fig. 99), in which the true molars are relatively larger than 
those of the Caucasian race. In Europeans it is not unusual to find 
the two fangs in both the second and third molars connate along a 
great part or the whole of their extent. 

"With respect to the reciprocal apposition of the teeth of the imper 
and under jaw, it is interesting to observe that the crown of the 
lower canine is, as usual, in advance of that above, and fit.s into the 
shallow notch between that and the lateral incisor. The inferior 
incisors are so small that their anterior surface rests against the 
posterior surface of the upper ones when the mouth is closed ; the 
other teeth are opposed crown to crown, the upper teeth extending a 
little more outwardly than the lower ones. 

Hunter remarks that the supernumerary teeth happen oftener in 
the upper than in the under jaw, and he believed them to he always 
incisors or canines. In the Osteological series of the Museum of 
the London College of Surgeons there is a skull of a male Hindoo 
(No. 5541), in which there were two well-formed canine teeth placed 
side by side in the left upper jaw, the series being very regular and 
even. The wisdom-tooth is sometimes not developed. 

The deciduous series of teeth in the human subject (fig. 100) con- 
sists of— 2 . 2 . , 1.1 . _ 2.2 


■ 2.2 1.1 
^ 22 ’^ 1.1 > 
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Deciauoub aud Pemanent Teeth, Human Cluld : set. C^. 

The upper milk incisors of the Chimpanzee are relatively larger 
than in Man, especially the middle pair ; hut the disproportionate 
size of these is still more manifest and characteristic of the Orang, 
The crown of the canine is longer and more pointed in the Chim- 
panzee than in Man ; still more so, and further apart from the 
incisor in the Orang. The first upper milk-molar (fig. 100, d 3) is as 
large in the human subject as in the Chimpanzee, and its crown is 
divided into two principal cusps, but the outer and larger one has a 
small subdivision notched off posteriorly, and the inner cusp is 
relatively larger than in the Chimpanzee. The first upper milk- 
molar of the Orang is simply bicuspid, but is larger than in the 
Chimpanzee. The second milk-molar of the human child (fig. 100, 
d 4) could scarcely be distinguiabed from that of tbe young Chim- 
panzee ; both are quadricuspid, and the. same oblique ridge crosses 
the grinding surface from the antero-intemal to the postero-extema 
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Teeth of tubercle ; but the pointed summits of tbe two outer cusps are a little 
Mammals, more produced in the Chimpanzee. The second molar of the Orang, 
besides its larger size, has the four tubercles better defined, and the 
oblique ridge less developed. The lower deciduous incisors of the 
anthropoid Apes differ fropa those of the human subject in their 
superior size, greater relative thickness, and, in the lateral incisor 
more particularly, by the rounding off of the outer angle. The lower 
canine of the Chimpanzee has a longer, larger, and more pointed 
crown, with a sharp posterior edge ; it is less marked in the canine 
of the Orang, which is larger and thicker than in the Chimpanzee. 
The crowns of the upper and lower canines are more obliquely 
opposed, the lower one being more advanced in those apes than in 
the human subject. The first lower deciduous molar of the human 
subject has four tubercles and a small anterior ridge, and is larger 
than that of the Chimpanzee, which supports a single large-pointed 
cusp, and a posterior ridge. The corresponding molar of the Orang 
has a similar simple crown, but is as large as that of the human 
child. The second lower milk molar (fig. 100, d 4) is of equal or 
superior size in the human subject to that in the Chimpanzee, 
but it supports three outer and two inner cusps, while in the Chim- 
panzee it nas but four cusps. In the Orang the fifth external and 
posterior tubercle is feebly indicated. The deciduous molars of the 
human subject, as in the Chimpanzee and Orang, have each three 
fangs in the upper, and two in the lower jaw. 

The differences brought out by the foregoing comparisons, though 
less striking than those exhibited by the permanent teeth, will be 
appreciated by the philosophical anatomist as yielding more certain 
evidence of the essential distinction of the Bimanous species. He 
will perceive that they are not due to mere adaptive developments, 
but are manifested at a period when the subjects of comparison are 
far from having attained the pre-ordained term of deviation from the 
common type ; that they are antecedent to those changes in the 
dental system itself, which more broadly characterize the species, 
and, in the Orang and Chimpanzee, proceed further to differentiate 
the male and female sexes. 

Homo. Calcification of the permanent series of teeth commences first in 

Develop- the pulp of the first true molar (fig. 100, m Ij, and, very soon after, 
meat. if not simultaneously, in that of the anterior incisor {i 1), about five 
or six months after birth. The first true molar (^7^ 1) comes into place 
and use between the sixth and seventh year; the first permanent 
incisor (i 1) between six years and a half and eight years ; the calci- 
fication of the pulps of the lateral incisor (i 2) and canine (c) com- 
mences about eight or nine months after birth, and they cut the 
gum, the canine quickly following the incisor, between the seventh 
and ninth years. Calcification of the first premolar (UauspiSfp S) 
begins at, or soon after, the second year ; that of the second about a 
year later ; and both premolars (p 3 and 4) have displaced the de- 
ciduous molars (d 3 and 4), and come into use between the eighth 
and tenth years. The pulp of the second molar (m 2) begins to he 
calcified about the fifth or sixth year, and it cuts the gum from about 
the twelfth year to the fourteenth year, but always later than the 
pennanent canines and premolars. The third molar (m 3) begins to 
be calcified about the twelfth year, and usually comes into place at 
or after the twentieth year. 

Both earlier and later periods of the development of the permanent 
teeth have been observed and recorded ; but such varieties rarely affect 
the general order of succession. This order is here described as it 
occurs in the lower jaw, the teeth of which usually appear earlier 
than the corresponding ones above. It will be seen, therefore, that 
the human subject differs from the Chimpanzee and Orang in the 
order of progression of the permanent teeth. 

John Hunter, after indicating the first incisor and the first molar 
as the earliest of the adult teeth that are formed, rightly observes, 
“ The teeth between these two points make a quicker progress than 
those behind.” ^ In the Quawrumana the progress is slower, the 
second molar preceding in the order of development the bicuspid, and 
the last molar the canines. 

The Lion {Felis Leo) 
may be taken as the type 
of the flesh-feeders. The 
largest and most conspi- 
cuous teeth in this and tne 
other feline quadrupeds 
are the canines (fig. 101, 
c) ; they are of great 
strength, deeply im- 
planted in the jaw, with 
the fangs thicker and 
longer than the enamel- 
led crown ; this part is 
conical, slightly recurved, 
sharp -pointed, convex in 
front, with one or two 
longitudinal grooves on 
the outer side, almost flat on the inner side, and with a sharp edge 
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behind. The lower canines pass in front of the upper ones when the 
mouth is closed. 

The incisors, six in number on both jaws, form a transverse row ; 
the outermost above (fig. 101, ?) is the longest, resembling a small 
canine ; the intermediate ones have broad and thick crowns indented 
by a transverse cleft. The first upper premolar {p 2) is rudimental ; 
there is no answerable tooth in the mwer jaw. The second {p 3), in 
both jaws, has a strong conical crown supported on two fangs. The 
third upper tooth {p 4) has a cutting or trenchant crown divided 
into three lobes, the last being the largest, and with a flat inner side, 
against which the cutting tooth (?n) in the lower jaw works obliquely. 
Behind, and on the inner side of the upper tooth {p 4), there is a 
small tubercular tooth. The feline dental formula is— 

3.3 1.1 

A glance at the long suh-compressed, trenchant, and sharp-pointed 
canines, suffices to appreciate their peculiar adaptation to seize, to 
hold, to pierce, and lacerate a struggling prey. The jaws are strong, 
but shorter than in other carnivora, and with a concomitant reduction 
in the number of teeth; thus the canines are brought nearer to the 
insertion of the very powerful biting muscles, called “ temporal ” 
and “masseter,” whicn work them with proportionally greater force. 
The use of the small pincer-shaped incisor teeth is to gnaw the soft, 
grisly ends of the bones, and to tear and scrape off the tendinous 
attachments of the muscles and periosteum. The compressed tren- 
chant blades of the sectorial teeth play vertically upon each other’s 
sides like the blades of scissors, serving to cut and coarsely divide 
the flesh ; and the form of the joint of the lower jaw almost restricts 
its movement to the vertical direction, up and down. The wide and 
deep zygomatic arches, and the high crests of hone upon the skull 
concur in completing the carnivorous physiognomy of this most for- 
midable existing species of the feline tribe. 

The penultimate tooth in the upper jaw (fig. 101, p 4), and the 
last tooth in the lower jaw (fig. 101, m), were denominated by Cuvier 
“ dents carnassieres,” which lias been 
rendered “ dens sectorius,’’ the “ sec- 
torial,” or scissor-tooth.^ It is a very 
characteristic tooth in the carnivorous 
order, but undergoes many modifica- 
tions, and preserves its typical form, 
as represented in figures 102 and 103, 
only^m the most strictly flesh-feeding 

species. In it may be distinguished "•;! 

the part cant'd the “ blade ” (fig. 102, 
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■Fig. 102. 


Kg. 103. 


Working Surface of the 'Upper Sectorial Tooth, Side view of Lower Sectorial Tooth 
Hyeena. NaL size. Lion. Na.t. sizo. 


Lion. Nat. size. 


Fig. 101. 
Dentition of the Lion. 


&, 5), and the part called the tnbercule ” (fig. 102, t). The lower 
sectorial in the genus JdeZw consists exclusively of the blade (fig. 103), 
which is pretty equally divided into two lobes. The blade of tbe 
upper sectorial always plays upon the outside, and a little in advance 
of the lower sectorial. 

The upper permanent sectorial (fig. 104,^ 4) succeeds and displaces Devdop- 
a deciduous tubercular molar (fig. 1 04, d 4) in all carnivora, and is, ment. 
therefore, essentially a premolar tooth ; the lower sectorial (fig. 104, 
m 1) comes up behind the deciduous series {d 3, d 4) and has no 
immediate predecessor; it is, therefore, a true molar, and the first of 
that class. By these criteria the sectorial teeth may always he dis- 
tinguished under every transitional variety of form which they pre- 
sent in the carnivorous series, from MachmrodiLS (fig. 145, VI.), inwbich 
the crown consists exclusively of the ” blade ” in both jaws, to Utbus 
(fig. 109), in which it is totally tubercular ; the development of the 
tubercle bearing an inverse relation to tbe carnivorous propensities 
of tbe species. 

The dentition of this genns presents a nearer approach to the Hyiena. 
strictly carnivorous type, than in other Carnivora^ by the reduction 
of the tiihercular molars to a single minute tooth on each side of the 
upper jaw, the inferior molars being all conical or sectorial teeth ; 
the molar teeth in both jaws are larger and stronger, and the canines 
smaller in proportion than in the Feline species, from the formula of 
which the dentition of the hyaena differs numerically only in the 
retention of an additional premolar tooth, p 1 above andj? 2 below, on 
each side of both jaws. The dental formula of the genus Hycma is : — 


. 3 ^. 

' 3.3’ 


u. 

1 . 1 ’ 


3.3’ 


Natwral History of the Human Teeth, 4°, p. 82. 


Odontography, p, 475. 
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Teeth of The crowns of the incisors form almost a straight transverse line in 
Mammals both jaws, the exterior ones, above, being much larger than the four 
middle ones, and extending their long and thick inserted base farther 

I 



pi 

Fig. 104. 

Deciduous Teeth ; young Lion. 

back ; the crown of the upper and outer incisor is strong, conical, 
iiecurved, like that of a small canine. The four intermediate small 
incisors have their crown divided by a transverse cleft into a strong 
anterior, conical lobe, and a posterior ridge, which is notched verti- 
cally ; giving the crown the figure of a trefoil. The lower incisors 
graduafly increase in size from the first to the third ; this and the 
second have the crown indented externally ; but they have not the 
posterior notched ridge like the small upper incisors ; the apex of 
their conical crown fits into the interspace of the three lobes of the 
incisor above. The canines have a smooth convex exterior surface, 
divided by an anterior and posterior edge from a less convex inner 
side ; this surface is almost flat and of less relative extent in the 
inferior canines. The first premolar above (p 1) is veiy small, with 
a low, thick, conical crown ; the second presents a sudden increase of 
size, and an addition of a posterior and internal basal ridge to the 
strong cone. -The third premolar exhibits the same form on a still 
larger scale, and is remarkable for its great strength. The posterior 
part of the cone of each of these premolars is traversed by a longitu- 
dinal ridge. The fourth premolar above is the carnassial tooth (fig. 
102), and has its long blade (6, b) divided by two notches into three 
lobes, the first a small thick cone, the second a long and compressed 
cone, the third a horizontal sinuous trenchant plate ; a strong triedral 
tubercle (t) is developed from the inner side of the base of the ante- 
rior part of the crown. The single true molar of the upper jaw is a 
tubercular tooth of small size. The first premolar of the lower jaw, 
(fig. 105, jp 2) fits into the interspace between the first and second 
premolars above, and answers, therefore, to the second lower premolar 

in the ViverridcB ; it is 
accordingly much larger 
than the first (p 1) above ; 
it has a ridge in the fore- 
part of its cone, and a 
broad basal talon behind. 
The second (fig. 105, y) 
3) is the largest of the 
lower premolars, has an 
anterior and a posterior 
basal ridge, with a verti- 
cal ridge ascending upon 
the fore as well as the 
back part of the strong 
rounded cone ; the third 
■Li 1 • XT. rr . premolar (p 4) is portion- 

ably less m the Mycena crocuta than in the Ja. vulga/ris^ its posterior 
ndge is developed into a small cone ; the last tooth {m 1) is the sectorial. 



fc’ig. 105. 

Dentition, Lower Jaw, of the Hyaena. 


and consists almost entirely of a blade divided by a vertical fissure into - 

two sub-equal compressed pointed lobes ; the points are less produced 
than in the Felines, hut the lower sectorial of the hysena is better 
distinguished by the small posterior basal talon, from which a ridge 
is continued along the inner side of the base, and is slightly thickened 
at the forepart ot the crown. 

The deciduous teeth consist of — 

i . y . ^3 _ oo 

^ 3.3 ’ ^ l.l ’ ^ 3.3 

The first normal deciduous molar is two-fnnged, and has a more 
compressed and consequently more carnassial crown than that of the 
second permanent premolar, by which it is succeeded. The second 
deciduous molar is the sectorial tooth ; the inner tubercle is con- 
tinued from the base of the middle lobe, and thus resembles the per- 
manent sectorial of the Glutton (Gulo) and many other Mustelidce ; 
the deciduous tubercular molar is relatively larger than in the adult 
Hycmaj and offers another feature of resemblance to the permanent 
dentition of the Glutton. It is also worthy of remark that the 
exterior incisor of the upper jaw is not only absolutely, but relatively 
smaller in the immature than in the adult dentition of the hymna, 
and again illustrates the resemblance to the more common type of 
dentition in the Carnivora. 

The permanent dentition of the Hycena^ as of other genera or 
families of the Carnivora, assumes those characteristics which adapt 
it for the peculiar food and habits of the adult, and mark the devia- 
tion from the common type, which always accompanies the progress 
to maturity. The most characteristic modification of this dentition 
is the great size and strength of the molars as compared with the 
canines, and more especially the thick and strong conical crowns of 
the second and third premolais in both jaws, the base of the cone 
being belied by a strong ridge which defends the subjacent gum.^ 

This form of tooth is especially adapted for gnawing and breaking 
bones, and the whole cranium has its shape modified by the enor- 
mous development of the muscles which work the jaws and teeth 
in this operation.^ Adapted to obtain its food from the coarser 
parts of animals which are left by the nobler beasts of prey, the 
hysena chiefly seeks the dead carcass, and hears the same relation to 
the lion which the vulture does to the eagle. In consequence of the 
quantity of bones which enter into its food, the excrements consist 
of solid balls of a yellowish white colour, and of a compact earthy 
fracture. Such specimens of the substance, known in the old 
Materia Medka by the name of “ album groecum,” were discovered 
by Dr Buckland in the celebrated ossiferous cavern at Kirkdale. 

They were recognised at first sight by the keeper of a menagerie, 
to whom they were shown, as resembling both in form and appear- 
ance the fceces of the spotted Hysena ; and, being analysed by Dr 
Wollaston, were found to be composed of the ingredients that 
might be expected in fcecal matter derived from bones, viz. phos- 
phate of lime, carbonate of lime, and a very small proportion of the 
triple phosphate of ammonia and magnesia. This discovery of the 
coprolites of the hyiena formed, perhaps, the strongest of the links 
in that chain of evidence by which Dr Buckland proved that the 
cave at Kirkdalo, in Yorkshire, had been, during a long succession 
of years, inhabited as a den by hysenas, and that they dragged into 
its recesses the other animal bodies, whose remains, splintered and 
bearing marks of the teeth of the hyaena, were found mixed indis- 
criminately with their own. 

This family of Carnivora, which comprehends the Civets, Genets, Yiverridse. 
Ichneumons, Musangs, Surikates, and Mangues, is characterized 
with few exceptions, by tbe following formula : — 

^ 3.3 ’ ^ 1.1 ’ -2^ 4.4 ’ ^ 2.ii 

(fig. 106). It differs from that of the genus Canis by tbe absence o 
a tubercular tooth 
(m 3) on each side 
of the lower jaw ; 
hut, in thus mak- 
ing a nearer step 
to the feline denti- 
tion, the yiverridee, 
on the other hand, 
recede from it by 
the less trenchant 

and more tubercular character of the sectorial teeth. 

The canines are more feeble, and their crowns are almost smooth ; 
the premolars, however, assume a formidable size and shape in some 
aquatic species, as those of the sub-genus Qynogale (fig. 106), in 
which their crowns {p 1-4) are large, compressed, triangular, sharp- 
pointed, with trenchant and serrated edges, like the teeth of certain 
sharks, (whence the name Sgualodon, proposed for one of the species), 
and well adapted to the exigencies of (Quadrupeds subsisting princi- 
pally on fish ; the opposite or obtuse, thick form of the premolars is 
manifested by some of the Musangs, as JParadoxw'US auratus. 



1 eminent civil engineer, to whom the writer showed the jaw of a hysena, observed that the strong conical tooth, with its basal ridffe, was 
a perfect model of a hammer for breaking stones for roads. j ^ » & , wii-ix was 

‘‘yasna’s jaw u such, that in attacking a dog, he begins by biting off bis leg at a single snap.” Buckland, ReKgms 
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Teeth of In the lower jaw the sectorial tooth (m 1) manifests its true molar 

Mammals, character by the presence of an additional pointed lobe on the inner 
side of the two lobes forming the blade at the forepart of the crown ; 
the posterior, low, and large lobe of the tooth being also trituberculate, 
as in the dog. The last molar (m 2) has an oval crown with four 
small tubercles, resembling the penultimate lower molar in the dog, 
with which it corresponds. 

The deciduous dentition consists, in the Yiverrine family, of— 

3.3 ’ ^ 1.1 ’ 3.3 

If the first permanent premolar has any predecessor, it must be 
rudimental, and disappear early in both jaws ; the second premolar 
displaces the first normally developed deciduous molar; the third 
upper premolar displaces and succeeds the deciduous sectorial, which 
has a sharper and more compressed blade, and a relatively smaller 
internal tubercle, than tbe permanent sectorial. This tooth displaces 
the last deciduous molar, which is a tubercular tooth, resembling in 
form the first of the two upper permanent tuberculars ; these coming 
into place without pushing out any predecessors, enter into the cate- 
gory of true molar teeth. In the lower jaw the third premolar dis- 
places the deciduous sectorial, which has three trenchant lobes and 
a relatively smaller posterior talon than the permanent sectorial. 
The foui’tli premolar displaces the third or tubercular milk-molar. 
The permanent sectorial and tubercular molars displace no predeces- 
sors, and are therefore m 1 and m 2, 

The alternate interlocking of the crowns of the teeth of the upper 
and lower jaws, which is their general relative position in the 
Carnivora, is well-marked in regard to the premolars of the VivtrridcB 
(fig. 106) ; as the lower canine is in front of the upper, so the first 
lower premolar 1) rises into the space between the upper canine 
and first upper premolar ; the fourth lower premolar in like manner 
fills the space between the third upper premolar (j? 3) and the 
sectorial tooth {'p 4), playing upon the anterior lobe of tbe blade of 
that tooth which indicates by its position, as by its mode of succession, 
that it is the fourth premolar of the upper jaw. The first true molar 
below, ’modified as usual in tbe Camyoora to form the lower sectorial, 
sends the three tubercles of its anterior part to fill the space between 
tbe sectorial (^4) and tbe first true molar (m 1) above. In the 
Musangs, the lower sectorial is in more direct apposition to its true 
homotype, the first tubercular molar in the upper jaw ; and these 
Indian i^verridm {Paradosawri) are the least carnivorous of their 
family, their chief food consisting of the fruit of palm-trees, whence 
they have been called “ Palm-cats.’’ 

Canis. The normal dental formula of the genus Canis is — 

*11 ’ * iii’ ^ ® 11=22 (flg. 107, Canis). 

The incisors form a continuous series, describing the segment of a 
circle in both jaws, and progressively increase in size from the first 



Yig. 107. 

Teeth of the Dog. 


to the third ; the trenchant margin of the crown is divided by two 
notches into a large middle and two small lateral lobes. The 
canines (c) are curved, sub-compressed ; the enamelled pointed crown 
forms nearly half the length of the tooth, and is smooth, without any 
groove. The premolars (p) have strong sub-compressed conical 
crowns gradually enlarging from the first to the third (jp 3) in the 
upper jaw, and to the fourth [p 4) in the lower jaw, and acquiring 
one or two accessory posterior tubercles as they increase in size. 
The fourth upper premolar (p 4) presents a sudden increase of size, 
with its sectorial form ; its blade is divided into two cones by a wide 
notch, tbe anterior cone being the strongest and most produced ; the 
tubercle is developed from tbe inner side of the base of this lobe. 
The first and second upper molars {m 1 and 2) are tuherculate ; 
hilt the second is very small, less than half the size of the first molar. 
The first true molar below (m 1) is modified to form the opposing 
blade to tbe sectorial tooth above; retaining tbe tuberculate cha- 
racter at its posterior half. The blade is divided by a vertical lineal 


fissure into two cones, the posterior being the largest ; behind this Teeth of 
the base of the crown extends into a broad, quadrate, trituberculate Mammals, 
talon. The second molar has two anterior cusps on the same trans- 
verse line, and a posterior broad flat talon ; the last lower molar (th, 

3} is the smallest of all the teeth. 

The absence of a tuberculate molar in the lower jaw of the im- 
mature Dog, brings the character of the deciduous dentition of the 
genus Cams much closer to that of the typical members of the Car- 
nivorous order, and affords an interesting illustration of the law that 
“ unity of organization is manifested directly as the proximity of the 
animal to the commencement of its development.” ^ The succession 
of two tubercular molar teeth behind the permanent sectorial tooth 
in the adult, or permanent dentition of the lo^wer jaw, carries the genus 
Canis farther from the type of its order, and stamps it with its own 
proper omnivorous character, and this contributes to adapt the Dog 
tor a greater variety of climates and food, and of other circumstances, 
all of which tend, in an important degree, to fit that animal for the 
performance of its valuable services to man. In no other genus of 
quadruped are the jaws so well or so variously armed with dental 
organs ; notwithstanding the extent of the series, the vacancies are 
only sufficient to allow the interlocking of the strong canines. These 
&re efficient and formidable weapons for seizing, slaying, and lacerat- 
ing a living prey ; the incisors are well adapted, by their shape and 
advanced position, for biting and gnawing ; the premolars, and espe- 
cially the sectorials, are made for cutting and coarsely dividing the 
fibres of animal tissues, and tbe tuberculate molars are as admirably 
adapted for cracking, crushing, and completing the comminution of 
the food, whether of an animal or vegetable nature. 

The dentition of the Weasel tribe [Mustelidce) is illustrated in Musteliuae. 
fig. 145, IV., Mustela, and by that of the Otter, fig. J08, which is a 
great aquatic Weasel or Polecat ; its dental formula is — 




= 36. 


: §3 • _ _ 

3.3 ’ 1.1 ’ 3.3 ’ 2.2 

The canines (c) are shorter than those of the Fox, narrower than 
those of the Badger, larger and relatively thicker than those of the 
Martin-cat. The first premolar [p 1) in the upper jaw, which is 
absent in the Polecat and Weasel, is retained in the Otter (fig. 108 


and is placed on the inner 
side or the canine; the 
sectorial premolar (p 4) 
has its inner lobe much 
more developed in Ihutra 
than in Pudorius^ and the 
tubercular molar {m 1) is 
relatively larger. Simuar 
modifications of these 
teeth distinguish the den- 
tition of the lower jaw 
of the Otter, which 
agrees in the number Tig. 108. 

and land of teeth with Teeth of Upper Jaw of the Otter, 

that of the Polecat The 

increased grinding surface relates to the inferior and coarser nature 
of the animal diet of the Otter, the hack teeth being thus adapted 
for crushing the bones of fishes before they are swallowed. 

In the Martin cats (Mustela)y^Q little homotype of 1 above is 
present in the lower jaw; in the bloodthirsty Stoats and Weasels, j? 

1 is absent in both jaws; as it is likewise in the great Sea-otter 
(Mnhydra)^ in which also the two middle incisors are wanting in 
the lower jaw. In this animal the second premolar (p 3) has a 
strong obtuse conical crown, doable the size of that of p 2 ; the 
third premolar (p 4) is more than twice the size of j? 3, and represents 
the upper carnassial or sectorial strangely modified ; the two lobes 
of the blade being hemispheric tubercles. The last tooth {m 1) has 
a larger crown than the sectorial, and is of a similar broad crusb- 
ing form. 

The Mnstelidcs present great constancy in regard to the number 
of their true molar teeth ; with one exception, the Ratel {Mellivora\ 
in which p 2 is absent below, they have one true molar on each side 
of the upper jaw, and two on each side of the lower jaw ; the second 
of these has always a broad tubercular crown, like the one above. 
The uppe-Ftrue molar is supported by one inner, and sometimes^ by 
one fPutorius^ QuloJ^ sometimes two (Mustela^ I/atra^ MelphitisJ 
outer fangs. The second true molar oelow is also tubercular, but 
has a single fang. The crown of the first true molar below offers 
many gradations from the sectorial type, as manifested in Putcrius 
and GulOf .to tbe tubercular type, as in the Taira, Katel, and Sea- 
otter. The principal varieties occur, as usual, in the comparatively 
less important premolars ; in the Martins and Gluttons, they are as 
numerous as in the Dog; the first, in both jaws, being implanted by 
a single fang ; the rest by two, with the exception of the last above, 
which has three roots. In the Otter, we find the first premolar 
removed from the lower jaw ; and the second (now the first) shows its 
true homology hy its double implantation, as well as by the position 
of its crown behind the first in the upper jaw. 



’ This law is defined and exemplified in the writer’s Lectures on die Inveriehraie Animals^ pp. 368, 800, ed, 1843 ; p. 045, ed. 1855. 
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Teeth of In the Stoats, Skunks, and Batels, the premolar series is fur- 
Mammals, ther reduced by the loss of the anterior tooth (p 1) in both jaws, 
and by the diminution of the si 2 e of p 2, which thus becomes the 
first in both jaws, and is also now implanted by a single fang. In a 
South American Skunk, the second premolar disappears in the upper 
jaw, leaving there only the homologues of the third and fourth of the 
typical formula, p 4 being always the sectorial in the Mvstelidee, as 
in other terrestrial Carnivora. This tooth, under all its modifica- 
tions, retains the blade with the lobe, corresponding to the middle 
one in the feline sectorial, generally well-developed and sharp-pointed ; 
the differences are principally manifested by the proportions of the 
inner tubercle, and the relative size of the third root supporting^ it. 
But the upper sectorial, being a premolar, and therefore requiring 
less modification of the crown to 'adapt it for its special functions, 
manifests a more limited extent of variety than the lower sectorial, 
which, being a true molar, requires greater modification of the 
typical form of its crown to fit it for playing upon the sectorial blade 
ofj? 4 above. 

MelidfB. In this sub-family is comprised the European Badger (Meles), the 
Indian Badger (Arctonysc), and the American Badger {Taaddea ) ; 
which, with respect to their dentition, stand at the opposite extreme 
of the Mustelidce to that occupied by the predaceous Weasel, and 
manifest the most tuberculate and omnivorous character of the teeth. 
The formula is — 

. 3.3 , ^ 1.1 . ^ 3 3 . ^ 1.1 __ Q. 

® 1.1 > -2^ 4.4’ 

The canines are strongly developed, well pointed, with a posterior 
trenchant edge; they are more compressed in Arcionyx than in 
Meles» The first lower premolar {p 1 ) is very small, single-fanged, 
and, generally, soon lost. The first aooye, corresponding with the 
second in the dog, is also small, and implanted by two connate fangs. 
The second upper premolar (j? 3) has a larger, but simple, sub-com- 
pressed conical crown, and is implanted by two fangs. ^ The third 
Iv 4) repeats the form of the second on a larger scale, with a better 
developed posterior talon, and with the addition of a trituberculate 
low flat lobe, which is supported hy a third fang ; the outer pointed 
and more produced part of this tooth represents the blade of the sec- 
torial tooth and the entire crown of the antecedent premolars. The 
true molar in Meles (tw 1) is of enormous size compared with that of 
any of the preceding Carnivora ; it has three external tubercles, and 
an extensive horizontal surface traversed longitudinally by a low ridge, 
and bounded by an internal belt, the “ cingulum’’ of Illiger. In me 
Labrador Badger, the last premolar has a larger relative size, the part 
corresponding with the blade of the sectorial is sharper and more 
produced, and the internal tubercle has two lobes ; the succeeding 
molar tooth is reduced in size, and its crown presents a triangular 
form. The first true molar below has its sectorial lobes better deve- 
loped ; these differences give the North American badgers a more 
carnivorous character than is manifested by the Indian or European 
species. 

Pro- In other allied genera, which, like the badgers, have been grouped, 

cyouidie. on account of the plantigrade structure of their feet, with the bears, 
a pr(gressive approximation is made to the type of the dentition of 
the Ursine species. The first true molar fielow soon loses all its 
secforial modification, and acquires its true tubercular character ; 
and the last premolar above becomes more directly and completely 
opposed to its bomotype in the lower jaw. The Bacoon {Frocym), 
and the Coati {Nasua\ present good examples of these transitional 
modifications ; they have the complete number of premolar teeth, the 
dental formula being, 

. 3.3. ^ 1.1 . ^ 4.4. ^ 2.2 
^ 3.3 ’ ® 1.1 » .2^ 4.4’ 2.2 ~~ 

The development of the inner part of the crown of the last upper 
premolar, which constitutes the tubercle of the sectorial tooth, now 
produces two tubercles on a level with the outer ones which repre- 
sent the blade ; and the opposite premolar below (jp 4), which is the 
true homotypo of the modified sectorial above, begins to acquire a 
marked increase of breadth and accessory basal tubercles. All the 
lower premolars, as well as the true molars, have two fangs ; the 
three first premolars above have two fangs, the fourth has three, like 
the two true molars above. 

The dental formula of the Indian Benturong (Arcticiw) and ELin- 
kajou {Cercolejptes) is — 

.33. ^ 1.1 . ^ 3.3 . ^ 2.2 
^ 3.3 ’ ^ 1.1 ’ ^ .3..3 ’ ^ 2.2 
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the dentition of the great extinct Ursus spelceus; the first premolar Teeth of 
co-exists with it in the Ursus prisms, as also commonly in the U. Mammals. 


The essential characteristic of the dentition of the Bears (figs. 109 
and 145, II.), Ursus, is the development, in the lower jaw, of the true 
molar teeth to their typical number in the placental Mammdia, and 
their general manifestation, in both jaws, of a tuberculate grinding 
surface ; the premolar teeth are much reduced both in size ani 
number. In the frugivorous Bears of India and the Inian Archi- 
pelago, the four premolar s [p 1-4) are commonly retained longer 
than in the fiercer species of the northern latitudes. In the Ursu& 
VdfifAus, the third small premolar above, and the second and third 
below, have each two connate fangs; the fourth premolar above 
presents three sub-equal obtuse tubercles supported by two distinct 
fangs. It is the only one of the four lower premolars retained in 



Dentition of the Bear (JJram). 

maritimus and U. arctos. The second lower premolar is soon lost 
in the Bears of temperate and northern latitudes, but is longer retained 
in the tropical species called “ Snn Bears ” [Helarctos, fiorsefield). 
The first true molar (m 1) has a longer and narrower crown than the 
one above. The second true molar {m 2) has a narrow, oblong, sub- 
^uadrale, tubercular crown, which, like that of the first true molar, 
is supported by two fangs. The crown of the third lower molar {m 3) 
is contracted posteriorly, and supported by two connate fangs ; it is 
relatively smallest in the Sun -bears, and largest in the great Ursus 
spelceus. The dental formula of the genus Ursus is — 

i M ; c — ; p ~ ^ = 42 . 

3.3 ’ 1-1 . ^*4 3.3 

It is essentially the same both in number and kind of teeth as in 

g mns Canis, but the individual or specific varieties, which in the 
og affect the true molar teeth, are confined in the Bears to the pre- 
molars. It would seem in the genus Ursus as if the preponderating 
size of the large tubercular true molars had tended to blight the 
development of the premolars. 

In fig. 110 the deciduous teeth and their successors are figured. 



Tig. 110. 

Milk-Teetli of the Bear. 

as^ displayed by the removal of the outer wall of their sockets. The 
milk-molars, four in number on each side of both jaws, progressively 
increase from the first to the fourth. The characteristic relative 
position to them of the premolars is shown at 2, 3, and 4. Behind 
these is shown the large formative cell of the first (m 1) of the true 
molar series. 

A tendency to deviate from the ferine number of the incisors is Phocid®. 
seen in the most aquatic and piscivorous of the Musteline quadru- 
peds, viz., the Sea-otter (JEnhydra), in which species the two middle 
incisors of the lower jaw are not developed in the permanent denti- 
tion. In the family of true seals the incisive formula is fiirtber re- 
duced, in some species even to zero in the lower jaw, and it never 
exceeds f All the FhocidcB possess powerful canines ; only in 
the aberrant walrus (fig. 112), are they absent in the lower jaw, but 
this is compensated by the singular excess of development which they 
manifest in the upper jaw. 

In the pinnigrade, as in the plantigrade, family of Carnivores, we 
find the teeth which correspond to true molars more numerous than 
in the digitigrade species, and even occasionally rising to the typical 
number, three on each side ; but this, in the seals, is manifested in 
the upper, and not, as in the bears, in the lower jaw. The entire 
molar series usually includes five, rarely six, teeth on each side of 
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Teeth of the upper jaw, and five on each side of the lower jaw; with crowns 
ManiTnal.«i. which vary little in size or form in the same individual. They are 
supported in some genera, as the Eared Seals we) and Elephant 
Seals (Oystqphora), by a single fang; in other genera by two fangs, 
which are usually connate in the first or second teeth ; the fang or 
fangs of both incisors, canines, and molars, are always remarkable for 
their thickness, which commonly surpasses the longest diameter of 
the crown. The crowns are most commonly compressed, conical, 
more or less pointed, with the “ cingulum ” and the anterior and 
posterior basal tubercles more or less developed ; in a few of the 
largest species they are simple and obtuse, and particularly so in the 
walrus, in which the molar teeth are reduced to a smaller number 
than in the true seals.^ lu these the line of demarcation between 
the true and false molars is very indefinitely indicated by characters 
of form or jjosition ; but, according to the instances in which a de- 
ciduous dentition has been observed, the first three permanent molars 
in both jaws succeed and displace the same number of milk molars, 
and are consequently occasionally, in the seals with two- 

rooted molars, the more simple character of the premolar teeth is 
manifested by their fangs being connate, and in the StenorJiynchus 
^erridem (fig. Ill) the more complex character of the true molars (m 
I and 2) is manifested in the crown. There is no special modifica- 
tion of the crown of any tooth by which it can merit the name of a 
sectorial” or carnassial ; ” but we may point with certainty to 
the third molar above and the fourth below, as answering to those 
teeth which manifest the sectorial character in the terrestrial Carni- 
vora. 

The coadaptation of the crowns of the upper and lower teeth is 
more completely alternate than in any of the terrestrial CamivoKt, 
the lower tooth always passing into the interspace anterior to its 
fellow in the upper jaw. 

In the genus Fhoca proper (CahcepTialus, Cuv.) typified by the 
common seal {i%. mtvlina), the dental formula is — 

• 3.3 . ^ 1.1 . ^ 3 3 . ^ 2 2 


In the Phoca Oaspica the upper molars have commonly one acces- 
sory cusp before, and one behind, the principal lobe ; the lower molars 
have one accessory cusp before, and two behind, the lower molars. 

In the Phoca GrasTdandica the upper molars have no anterior 
basal cusp, and only one behind ; the lower molars have two behind 
and one in front, except the first, which resembles that above, and 
like it has connate fangs. 

The condition of the molar teeth is nearly the same in the Phoca 
harbata, but the crowns are rather thicker and stronger, and^ the 
three middle ones above have two posterior basal cusps feebly indi- 
cated, the same being more strongly marked in the four last molars 
below. 

The following genera of Seals with double-rooted molarsfPeZa^^tea, 
Stenorhynchti8f)ia.yQ four incisors above as well as below, i. e. f if. 

The allied sub-genua (Ommatophoca) of Seals of the southern 
hemisphere has six molar teeth on each side of the upper, and five 
on each side of the lower jaw, with the principal lobe of the crown 
more incurved. The two first molars above are closely approximated, 
but this may prove to be a variety. 

In the Stenorhynichus the jaws are more slender and produced, 
and the molar teeth are remaAable for the long and slender shape of 
the principal lobe, and of the accessory basal cusps. The incisors 
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Dentition of the Saw-toothed Seal. {Stenorhynckus). 


(fig. Ill) have sharp conical recurved crowns, like the canines, and 


the external ones in the upper jaw are intermediate in size between 
the canines and the middle incisors. 

In the Steriorhynchvs leptonyoc each molar tooth in both jaws is ' 
trilohed, the anterior and posterior accessory lobe curving towards the 
principal one, which is bent slightly backwards ; all the divisions are 
sharp-pointed, and the crown of each molar thus resembles the 
trident or fishing-spear; the two fangs of the first molar in both 
jaws are connate. In Btemrhynchvs serridens (fig. Ill), the three 
anterior molars on each side of both jaws are four-lobed, there being 
one anterior and two posterior accessory lobes ; the remaining pos- 
terior molars (true molars) are five-lobed, the principal cusp having 
one small lobe in front, and three developed from its posterior 
margin ; the summits of the lobes are obtuse, and the posterior ones 
are recurved like the principal lobe. Sometimes the third molar 
below has three instead of two posterior accessory lobes. Occasion- 
ally, also, .the second, as^ well as the first molar above, has its fangs 
connate ; but the essentially duplex nature of the seemingly sin^e 
fang, which is unfailingly manifested within by the double pulp- 
cavitjr, is always^ outwardly indicated by the median longitudinal 
opposite indentations of the implanted base. These slight and unes- 
sential varieties, presented by the specimens of the Saw-toothed 
Sterrink {SUiiorhynchus serridens) brought home by the enterpriz- 
ing naturalist^ of Sir J. Ross’ Antarctic expedition, accord with the 
analogous varieties noticed in other species of Seals, and show the 
inadequacy of such characters as marks of subgeneric distinction. 

In the genus Otaria the dental formula is — 


Teeth of 
Mammals. 


:33. 




2.2 ’ in ’ ^ ^ 2';2 “ 

The two middle incisors are small, sub-compressed, with the crown 
transversely notched ; the simple crowns of the four incisors below 
fit into these notches ; the outer incisors above are much larger, with 
a long-pointed conical crown, like a small canine. The true canine 
is twice as large as the adjoining incisor, and is rather less recurved. 
The molars have each a single mng. 

In the great proboscidian and hooded Seals {Oystophora)^ the 
incisors and canines still more predominate in size over the molars ; 
but the incisors are reduced in number, the formula here is — 

2.2 . 


1.1 


*ci’^’i|5”*r2 = 30- 


All the molars are single-rooted, and all the incisors are laniariform. 
The two middle incisors above and the two below are nearly equal ; 
the outer incisors above are larger. The canines are still more for- 
midable, especially in the males ; the curved root is thick and suh- 
quadrate. The crowns of the molar teeth are short, sub-compressed, 
obtuse ; sometimes terminated by a knob and defined by a constriction 
or neck from the fang ; the last is the smallest. 

In the Walrus {Ti^heckus rosmasrm^ fig. 112), the normal incisive 
formula is transitorily represented in 
the very young animal, which has 
three teeth in each intermaxillary 
bone and two on each side of the fore- 
part of the lower jaw ; they soon dis- 
appear, except the outer pair above, 
which remain close to the intermaxil- 
lary suture, on the inner side of the 
sockets of the enormous canines, and 
seem to commence the series of small 
and simple molars which they resemble 
in size and form. In tbe adult there 
are usually three molars or premolars 
on each side, behind the permanent 
incisor, and four similar teeth on each 
side of the lower jaw ; the anterior one 
passing into the interspace between 
the upper incisor and the first molar, 
and therefore being the homotype 
of tbe molar. In a young walrus’ 
skull with canine tusks eight inches long, the writer has seen a 
fourth upper molar (fifth including the incisor) of very small size, 
about a line in breadth, lodged in a shallow fossa of the jaw, behind 
the three persistent molars. The crowns of these teeth must be 
almost on a level with tbe gums in tbe recent bead ; they are very 
obtuse, and worn obliquely from above dowm to the inner border of 
their base. The molars of the lower jaw are rather narrower from 
side to side than those above, and are convex or worn upon their 
outer side. Each molar has a short, thick, simple and solid root. 

The canines (c) are developed only in the upper jaw, but are of 
enormous size, descending and projecting from the mouth, bke tusks, 
slightly inclined outwards and bent backwards ; they present an oval 
transverse section, with a shallow longitudinal groove along the 
inner side, and one or two narrower longitudinal impressions upon 
the outer side ; the base of the canine is widely open, its growth being 
uninterrupted. 

Tbe food of the walrus consists of sea-weed and bivalves; the 



Fig. 11*2 
Skull and Teeth of the Walras 


^ The relation of Trichechus to the Phocida is analogous to that of Machairodm to the Fdidos, and also, in the simplification of tbe molars, to that 
of Proteles to the Camdee. 
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Teeth of molars are well adapted to break and crush shells ; and fragments of 
Mamma|^. a species of Mya, have been found, with pounded sea-weed, in the 
stomach. The canine tusks serve as weapons of offence and defence, 
and to aid the animal in mounting and clambering over blocks of ice. 
Machairo- large extinct carnivorous animal {MacTiairodus^ fig. 145, VI.), 

dus. had the upper canine teeth (c) developed to almost the same dispro- 

portionate length as in the walrus, by which they were also com- 
pelled to pass outside the lower jaw when the mouth was shut. But 
these teeth were shaped after the type of the feline canines, only with 
more compressed and trenchant crowns ; and they were associated 
with other teeth in number and kind demonstrating the due affinity 
of the Machairodus to the genus Cell's. 

The molar series of the upper jaw includes three teeth on each 
side, answering to the last two premolars (jp 3 and p 4) and to the 
small tubercular tooth (m 1 ) in the lion The inner tubercle of the 
carnassial tooth (jy 4) is much less developed than in The 

molar series of the lower jaw accords with that of the lion, buty) 3 
is relatively very small in the South Amencan Machairodus {M. 
neogoeus). 

The symphysis of the lower jaw presents a rapid increase in 
vertical Aameter, whilst a depression on the outer side, between the 
canine and the first molar, indicates the part which received the long 
upper canine. The lower canine is much reduced in size, and 
appears to form the exterior tooth of the series of incisors ; these are, 
however, six in number in the lower as in the upper jaw. 

Both the anterior and posterior margins of the long upper falci- 
form canines are finely serrated in Machairodus. The fossil teeth 
of this kind from Kent’s Hole, Torquay, indicate a species of Machai- 
rodus^ as big as the lion, and distinct from that of the Italian pliocene 
deposits, on which Cuvier founded his “ Ursvs cuUridens?' 
Hyaenodon. Iii more ancient tertiary formations, remains of carnivorous mam- 
mals have been found with the three true molar teeth as expressly 
modified for the division of flesh, and as worthy the express term of 
“ sectorials" or camassials,” as the teeth so called in the lion and 
other felines. And these teeth were associated with conical premo- 
lars, long canines, and short incisors, so as to exemplify the typical 
formula, e. g . — 

i ; c y ; n m =r= 44. 

33 ’ 1.1 ’ ^ 44' 8.3 

The extinct Jffyanodon and Fterodon of the upper eocene formations 
of Hampshire, and of parts of Trance, manifest this interesting and 
instructive character of dentition. 

A reduced view of the lower jaw of the Myccnodon Eeguieni is 
given in fig. liS. After the canines (c) come four successively 
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Dentition, Lower Jaw, of Syamdm. 

enlarging conical compressed premolars {p 1-4); then, instead of a 
single carnassial representing the first true molar, there are three of 
these singularly modified teeth — ^the first {m 1) being of suddenly small 
size, as compared with the antecedent premolar, and obviously illus- 
trating its true nature as a continuation of the deciduous series, with 
which, doubtless, it agreed in size. It became a permanent tooth 
only because there was no premolar developed beneath it, so as to 
displace it. The succeeding carnassial true molars (m 2 and 3) pro- 
gressively increase in size. The symbols in fig. 111 denote the 
homologies of the teeth. The marks of abrasion on the lower teeth 
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Deutitioii, Upper Jaw, of AmpUcyon, 

in the Hycmodon prove the upper series to have been the same in 
number. 


0 L 0 G Y. 

The obvious number of memolars in the Hycmodon negatives Teeth of 
the notion entertained by I}e Blainville, that it was a marsupial Mammals, 
carnivore. 

A second form of equally ancient Carnivore was a mixed-feeding . , . 

animal, allied to the Viverridae and to the Dog tribe, the true molars 
presenting the tuberculate modification, and the typical number and ^ 
kinds of teeth being functionally developed, as in the Hyaenodon. 

The series in the upper jaw are shown in fig. 112. The term 
“ tubercular” is as applicable to the three true molars of the 
Amphycyon (m 1, 2, 3) as the term “carnassial” is to those of the 
Hytmodon. 

The teeth of the Carnivora., with the exception of the aberrant Structure 
amphibious forms, so closely correspond in their intimate struc- Carnivora, 
ture, both with each other and with those of the human subject, 
as to require here only a brief and general notice. They all enter 
into the category of “ simple teeth,” that is, the dentine or main 
body is not penetrated by folds of the other component tissues, hut 
has an even exterior, covered, at the part forming the crown, with 
enamel, and having a general outer investment of cement, the coronal 
layer forming too thin a film to manifest any of the radiated cells. 

The dentine is of the kind called “ hard or un vascular ; ” the tuhuli 
are rather finer than in the human teeth ; they have the same general 
direction from the pulp-cavity, hut present stronger primary curva- 
tures, more frequent dichotomous divisions, and more numerous 
minute lateral branches, which latter usually curve from the trunks 
at right angles. The dentinal compartments are subhexagonal, 
about of an inch in diameter, with the peripheral contour 

forming almost a regular curve. In the Seals the dentine forms 
usually a smaller proportion of the tooth than in the terrestrial Car-, 

Tiivora; the characteristic thickness of the roots in this family is 
principally due to the thick covering of cement, and the pulp-cavity, 

IS usually closed by a more than usual quantity of the osteo-dentine. 

The tubes in the Seal’s molar describe very strong and irregular) 
curves on leaving tbe pulp-cavity ; but when within a third of the 
distance to outer surface, they fall into more parallel and regular 
undulations; they are of an inch in diameter, and the 

interspace between two tubes is about y^^^th of an inch in width.' 

The tubes dichotomise less frequently and less regularly than in 
the teeth of the Dog or Hyaena, but send off from both sides extremely 
numerous short branches, which bend almost transversely across 
the interspaces, and the side branches are occasionally sent off in 
greater abundance along lines parallel with the outer contour of the 
teeth, giving the appearance of opamie striae, or concentric layers, to 
polished sections of the dentine. The dentinal tubes resolve them- 
selves at their extremities into rich tufts of curved branches, which 
terminate in a layer of minute cells at the crown, and in the root 
communicate with the radiated cells of the cement. 

In the molar teeth of the Otaria jubata, the tubes, proceeding in 
the long axis of the crown, are, on the peripheral half of the dentine, 
nearly parallel ; towards the side of the crown they proceed in more 
zigzag, almost angular curves, and appear to cross each other, con- 
spicuous branches being continued frqm the angles ; the interspaces 
of the tubes were about -g^j^^th of an inch in width. The dentinal 
compartments are more numerous and less regular than in the teeth 
of the ordinary Carnivora; and their contour is more obscured by 
the deeper curves and more numerous branches of the dentinal tubes. 

The enamel of tbe teeth of tbe Carnivora is extremely dense and 
brittle ; it consists of fibres similar to those in the Human teeth, hut 
relatively smaller, as, for example, in the large canines of the Tiger, 
and the molars of the Hyaena; the transverse striae are also less 
distinct. In the molar of the Otaria^ the enamel-fibres are very dis- 
tinct, placed at right angles to the plane of the crown, and less curved 
than in Man or the Quadrumana ; instead of the transverse striae, 
they present a minute granular structure.® 

The cap of enamel with which the teeth of the Walrus are at first 
tipped, is soon worn off; and, except at the abraded surface, the rest 
of the tooth — both tusks and molars — is thickly coated wdth cement. 

The dentine closely corresponds with that in the ordinary Seals ; in 
the molar teeth the tubes present the same diameter, the same inter- 
spaces, and undulating curvatures ; hut their dichotomous divisions 
are more marked. In the canines the lateral branches terminate in 
minute opaque cells, dispersed throughout almost the whole dentine, 
but most numerous and conspicuous near its periphery, where the 
dentine is defined by a distinct layer of these cells ; only a third part 
of the periphery of the canine is composed of true dentine, the central 
third part of the tooth is filled up by osteo-dentine, which, as in the 
teeth of the Cachalot, often projects in irregular rounded masses 
into the short and wide basal pulp-cavity. The whole mass, indeed, 
of the osteo-dentine consists of numerous independent calcifications 
of the pulp, having as many distitict centres, usually hollow, and 
producing, when the substance is examined by the naked eye, the 
appearance which Cuvier has compared to “ pudding-stone.” The 
central cavities are for the most part associated together and with 
the pulp-cavity by medullary canals. The tubes radiate from these 
central cavities in all directions, with sub-parallel, diverging curva- 


^ Ossmens Fossiks, 4to, 1824, vol. v. pt. U. p. 617. 


® Betzius failed to detect any true enamel in the teeth of the Phoca andhta*. 
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Teeth of tures, dividing, subdividing, and sending off numerons branches, 
Mammals, which anastomose with those of the adjoining masses, and, where 
these are situated next the dentine, with the tubes of that tissue. 
In each lobe of the osteo-dentine the concentric rings parallel with 
the contour of the central medullary cavity are well marked. Myriads 
of minute calcigerous 
cells are dispersed 
throughout the osteo- 
dentine. The pulp- 
cavity of the incisor 
and molar teeth is 
filled up by a smaller 
quantity of the osteo- 
dentine.^ Minute vas- 
cular canals convey 
the capillary blood- 
vessels to this struc- 
ture, from the vascular 
membrane attached to 
the solid base of the 
molars, and in the 
tusks, from the per- 
sistent pulp, which 
fills the basal cavity. 

The cement of the 
Morse’s teeth is dis- 
tinguished from the 
osteo-dentine by its 
continuous uniform 
structure, by the absence of the detached centres, and their con- 
centric lines ; but the radiated cells are disposed in regular layers, 
concentric and parallel with the contour of the body of dentine ; 
the radiating tubes, from the cells forming the layer next the 
dentine, communicate freely with the peri^eral ramifications of 
the dentinal tubes, and also with the proper cemental tubes, 
which are disposed vertically to the plane of the cement. In- 
deed, the evidence of an intercommunicating system of canals, too 
minute for the gross fluid of the circulating system, is most striking 
and universal throughout the substance oi both the tusks and small 
teeth of the Walrus. Vascular canals are, however, present in the 
cement as in the osteo-dentine, from the capillaries in which it may 
be presumed that the colourless plasma is elaoorated, which meanders 
through the minuter systems of cells and tubes. 

The first forms of vegetable-eating mammals of which we have 
cognizance, those, viz., that have b^en restored from fossil remains 
discovered in the eocene or oldest tertiary deposits, 
7 have presented a dentition conformable, in number 
^ and kind of teeth, to the typical condition in the 
j Placental Diphyodont series. 

The chief modifications are presented by the grind- 
ing surface of the molar teeth. In the Hyracoth&rium 
ijuiwuauLv.a.- (^* 3-1 fig* 1 1^) grinding surface supports four prin- 

tions of the Upper Molar of cipal cusps, each transverse pair (cc c, 6 <?) being con- 
molar HyrMothenum, nected by a ridge which is raised midway into a 

' smaller conical tubercle, and the crown is ^rt. by a cingulum. 

In the Anoplotherium (fig. 116) the crown is divided into a front {f, c) 
and a back (/’ d) lobe by a valley (e), extending from the inner side, 
two-thirds across, contracting as it penetrates. A second valley {g ^ «) 
crosses its termination at right angles, and forms a curved depres- 
sion in each lobe, concave towards the outer side of the crown, — 
this side being impressed by two parallel excavations (//). There 
is a large conical tubercle (m) at the wide entry of the valley (e). 


lobes (o, v) are first abraded ; those of the inner lobes (c, d) are next Teeth of 
abraded; and thus a double crescentic field of dentine is exposed, with Mammals, 
a detached island on the summit of the internal cone (m). This, 
afterwards, from the minor depth of the valley in front of its base, 
becomes blended with the lobe {d). In the JPal(EOt7ierium (fig. 117) 


XJngulata, 

or 

Herbivora. 


Transi- 

tional 

modifica- 



teeth 


Ueatitioii of the Dichodcn cuspidatus, 

the crown of the molar is divided into an anterior (h, d) and posterior 
{a, c) part hy an oblique fissure (e), continued from near the middle 
of the inner surface of the crown obliquely outwards and forwards, 
two-thirds across the tooth. Each division is subdivided partially 
into two outer (a and 5) and two inner (c and d) lobes ; the anterior 
division by the terminal expansion (?*) of the fissure (e), the posterior 
one by the valley or fissure (p). The lobes (c and d) are bordered 
near their base by a ridge. 

The first of the above types (fig. 115) of the upper grinders of the 
eocene JELerbivora is continued into, or governs, with minor modifica- 
tions, the corresponding teeth of the CJic&ropotamus, Anthracotherium^ 
and the existing Hog-tribe and Hippopotamus. The second ox 
Anoplotherian type (fig. 116) is continued into the DichodoUf Diclio- 
tunes, and the existing Enminant dentition. The third (fig. 117) is 
the ftindamental pattern of the upper molars of the tribes of the 
Horse and Khinoceros, 

A fourth form of eocene grinder, that of the geimBLophiodon, is veiy 
nearly allied to the JPalceotJierium, but the more complete union of 
the lobes^ a, c, and that of the lobes 5, d, gives a more decided trans- 
versely-ridged character to the crown, and this type was carried on 
in the Dinotherium (fig. 136) and the existing Tapirs. 

The space allotted to this article limits the selection of examples of 
the ungulate dentition to a few of the best-marked modifications, and 
the first of these forms a transitional step between the Anoplotherium 
and the Buminantia. 

The dentition in question is that of an extinct genus, the remains 
of which occur in the upper eocene of Hampshire, and which the 
writer has described under the name of Dichodon cuspidatus^ (fig. 
118). The dental formula is — 

33. ^ 1.1 . „ 4.4. ^ S.S 


^ 3.3 » ^ Ll ’ 4.4 ’’ ^ 3.3 


== 44 . 



Hg. 116 . 

Upper Molar of Anoplotherium. 


Kg. 117. 

Upper Molar of Paleeotkerium. 


The two points of the outer continuous border formed by the two outer 


The crowns of these different kinds of teeth are of nearly equal height, 
and there is no break in the series. 

The incisors (i 1, 2, 3) have low and broad trenchant crowns. 
The canine (c) closely resembles them, but is a little larger, and with 
a low point: it is, however, more trenchant than piercing. The 
first (ji 1), second (p 2), and third {p 3) premolars, have their crown 
much extended from before backwards, with three progressively 
more developed and pointed compressed cusps on the same line ; to 
which is added, in the upper jaw, an inner ridge, developed in the 
third premolar (p 3) into an inner posterior cusp. The fourth pre- 
molar (j?4) has a thicker and snorter crown with two pairs of 
cusps. The upper true molars (m 1, 2, 3) have the two pairs of 
cusps sharp and pointed, with a series of five low accessory points 
developed from the outer part of the cingulum. The lower molars 
(ml, 2, 3) have as complex crowns as the upper ones, hut with the 
accessory basal points (a, h, c, e) developed from the inner, instead of 
the outer side of the crown, and with the convex sides of the chief 
cusps turned in the opposite direction to those above. In fig, 116 
the outer side of the true molars, of the last premolar, of the canine, 
and of the incisors, is shown, together with the grinding surface of the 
three anterior premolars in the upper jaw. The inner surface of the 


’ “L’ivoire des defenses du Morse est compact, susceptible d’un poli presque ausi beau que celui de Thippopotame mais sans stries; la partie 
moyenne de la dent est formde de petits grains ronds places pSle mile, comme le Cailloux dans la pierre appel^e Poudingue ; c’est ce qui le 
caractdrise. Les dents molaires de cet animal ont leur axe composd des mimes petits grains que celui des defenses. Elies n’ont aucun caviti dans 
leur interieur.”— Legom dAnaU Compar^e, tom. iii. (1805), p. 106. 

^ Quarterly Journal gfthe Geological Society ^ June 1847. 
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Order 

Rumi- 

nantia. 



Fig. 120. 

Upper Molar of Megaceros. 


Teeth of entire series of the lower teeth is shown, together '^he grinding 
Mammals, surface of the three true molars of the last («z 3) here supports a 
third pair of lobes (e) As compared with the 
anoplotherian molar (fig. 116), the outer lobes 
(a, b) of that of the Dichodon (fig. 119) are thicker 
p-L and sharper; the inner ones (c, eZ)— especially 
i fj the latter — are developed to an equality with the 

outer ones, and more distinctly separated from 

^ them. The valley (rn) extends across the whole 

ilg 119. breadth of the tooth, and is crossed at right 

Upper Molax ot angles by the fore-and-aft douhly-curved valley 
Bickodon. 

The modification of the upper molar.*? of the existing Ruminant 
quadrupeds consists in the lower 
and less pointed lobes of the crown, 
the unworn summits of which are 
at first rather trenchant, like curved 
blades, than piercing.^ They are 
soon abraded by mastication, and 
present the crescentic lobes of 
dentine (a, b, c, d) shown in fig. 
120. The transverse double-cres- 
centic valley (^, i) contains a 
thicker layer of cement, and forms 
two detached crescents in worn 
teeth. The premolars resemble 
in structure one half of the true 
molars. The upper incisors, the 
Tipper canine, and the first premolar of both jaws, are not developed in 
the typical Ruminants, the dental formula of which is — 

• 0 0 0.0 3 3 . ^ 3.3 Qo 
^ 3:3 ’ ^ il ’ -2^ 3.3 ’ 3.3 “ ^ • 

The gazelle, the sheep, the ox— respectively representing the 
families Antibpidce, Ovidos, and Bovidce^ which are collectively 
designated the “ hollow-homed ruminants’’ — all present this formula. 
It likewise characterises many of the solid-horned ruminants, or the 
deer tribe (^Cervidce), the exceptions having canine teeth in the upper 
jaw of the male sex, and sometimes also in the females, though they 
are always smaller in these. 

The upper canines attain their greatest length in the small rumi- 
nants called Musk-deer, and especially in the typical species (Moschus 
moschiferus, fig. 145, VII.) These teeth, indeed, in the male Musk 
present proportions intermediate between those of the upper canines 
of the Machairodus and of the Morse. The inverse relationship in 
the development of teeth and horns, exemplified b^r the total absence 
of canines in the Ruminants with persistent and typical horns, by their 
first appearance in the periodically hornless deer,^ and their larger 
size in the absolutely hornless Musks, is further illustrated by the 
presence not only of canines, but of a pair of laniariform incisors in 
the upper jaw of the Oamelidae. 

In the Camel and Dromedary the upper canines are formidable for 
their size and shape, but do not project beyond the lips like the tusk 
of the Musk-deer ; they are more feeble in the Llamas and Vicugnas, 
and are always of smaller size in the females than in the males. The 
inferior canines, moreover, retain their laniariform shape in the Came- 
lid<B, and are more erect in po.sition than in the ordinary Ruminants. 
They are separated by a short diastema from the incisors in the 
Auchenice. 

The true nature of the corresponding canines in the ordinary Rumi- 
nants, in which they are procumbent, and form part of tbe same series 
with the incisors, is always indicated by the lateness of their develop- 
ment, and often by some peculiarity of form.^ Thus in the Moschus 
(fig. 145, VII. c) they are smaller and more pointed than the incisors, 
and in the Girafle they have a much larger crown, which is bilobed. 
The laniariform tooth in the premaxillary bone of the OamelidcB^ 
which represents the upper and outer incisor, is smaller than the true 
canine which is placed oehind it in the Camel and Dromedary; hut 
in the Vicugna it is as large as, or larger than, the true canine. 

Most of the deciduous molars of the Ruminants resemble in form 

the true molars; the 
pfi last milk -molar, for 
example (fig. 121, d 
4), in the lower jaw, 
has three lobes like 
the last lower true' 
molar {m 3). The 
deciduous molars in 
existing true Rumi- 
nants are three in 
number on each side, 
and, being succeeded 

by as many premolars, the ordinary permanent molar formula is — 


Camelidae 


Develop- 

ment 



'7 

Kg.m. 

Deciduous and Pennaneut Teeth of a Sheep. 


^ 3.3. 33. 


33 ’ 3.3 ’ 

but there is a rudiment of ^ 1 in the embryo fallow-deer, and in one 
of the most ancient of the extinct Ruminants {Dor<Mtheriwn^ Kaup) 
,the normal number of premolars was fiilly developed. 


The birth and growth of a young Giraffe at the Zoological Gardens Teeth of 
of London, enabled the writer to make the following observations on Mammals, 
the course of development and succession of the teeth in this 
Ruminant, which is the largest existing species of its order. The 
four middle deciduous incisors began to cut the gum one week after 
bii-th, and their crowns were entirely extricated at the end of four 
weeks, at which time the summit of the crowns of both the first and 
second deciduous molars were visible. At two months the third 
incisor had cut the gum ; at three months the third deciduous molar, 
and at four months a fourth molar were in place ; the latter being the 
first of the permanent series of true molars. 

The progress of shedding the deciduous teeth was traced by obser- 
vation of the mother Giraffe. She arrived at the Zoological Gardens 
in May 1836, and was then about eighteen months old, and had all 
the deciduous series, with the first permanent true molars. The 
two middle deciduous incisors were shed in the month of March 
3838, the second incisor on each side in the following July, the first 
deciduous molars in October, and the second deciduous molars in 
November and December of the same year. At this time the second 
true molars came into place, the last true molars began to appear 
above the gum in August 3839, and the last deciduous molar was 
replaced by the third premolar before the end of that year. The 
shedding of the whole deciduous series was completed by the fall of 
the canines in the female Giraffe at the period of the birth of her 
second fawn in May 1841 , when she must have been six years and a 
half old ; the large bilobed crowns of the permanent canines were 
not completely in place until September 1841. 

The same noble menagerie has afforded the opportunity of record- 
ing the following state of the first dentition of the Dromedary : — 

In the new-horn animal the six deciduous upper incisors present 
a larger size than any rudiments of these that have been discerned in 
the foetus of ordinary Ruminants, and, as was discovered by sub- 
sequent dissection, these transitory incisors leave conspicuous alveoli 
in the premaxillary hones. The canine and first functional deciduous 
molar are small ; the second and third deciduous molars are large, 
bilobed, and each lobe is hicrescentic. In the lower jaw the func- 
tional milk-teeth consist of the six incisors and two canines, one on 
each side, all with the overlapping leaf-shaped crowns. The func- 
tional molars are but two in number, in each ramus of the jaw. The 
first small, simple, conical, compressed, notched behind ; the second 
very large, and three-lobed, each lobe hicrescentic, and the last lobe 
the largest. The middle incisors are relatively larger in the deci- 
duous than in the permanent series, as compared with the outer 
ones and the canine in the ordinary Ruminants. The Giraffe deviates 
furthest from the typical proportions of these teeth in the superior 
expanse of the bilobed crown of the permanent canine, but it is inte- 
resting to find that the deciduous canine, though its crown is also 
bilobed, is relatively smaller in proportion to the incisors, and thus 
shows a less amount of deviation from the common type. The third 
molar is the last inferior true molar. This tooth in the great extinct 
Sivatherium retained more of the shape of its deciduous analogue, 
the last milk-molar, than is usually seen in existing species of 
Bvminantia. 

The characteristic complexity of the molar teeth of a Ruminant is 
seen in most of the deciduous series, but in the permanent series 
only in the three posterior teeth of both upper and lower jaws, which 
are the true molars ; the three first, or premolars, having more simple 
crowns than those which they displace. The complexity in ques- 
tion is the result of peculiar plications of the formative capsule, some 
of which are longitudinal, or project inwards from the sides of the 
capsule, and form peninsular folds of enamel upon the finding sur- 
face of the tooth, whilst others depend vertically from the summit of 
the matrix into the body of the tooth, and form islands of enamel 
when the crown begins to he worn. Of the longitudinal folds, two in 
the upper true molars are external, broad, hut shallow, and often 
sinuous, and one is internal, narrow, and deep, extending quite 
across the summit of the crown of the tooth, and decreasing in depth 
towards the base of the crown. The corresponding fold of enamel 
in the completed tooth, accordingly, extends more or less across the 
crown, from within outwards, as the tooth is less or more worn. 

The whole circumference of this complex molar is also invested by a- 
coat of enamel and a thinner layer of cement. In some Ruminants, 
e. Ox, Deer, and Giraffe, a small vertical column (fig. 120, ^w) is 
developed at the internal interspace of the two lobes of one or more 
of the upper true molars, varying in height, and rarely reaching the 
summit of the new-formed crown. Different genera of Ruminants 
also differ in the depth and sinuosity of the two outer longitudinal 
folds, and in the depth and complexity of the two vertical folds, 
which likewise are united in some species by a longer common base 
than in others, producing thereby a continuity of the enamel, and 
complete antero-posterior bisection of the grinding surface during a 
longer period of attrition. The upper molars Sso differ in their 
breadth, or antero-posterior diameter, as compared with their thick- 
ness or transverse diameter ; but as the summit of the crown is 
always relatively broader in proportion to its thickness, care must be 
taken to compare teeth of the different species that have been worn 
to the same extent, or to allow for the difference. 
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Teeth of In the Ox the outer contour of each lohe of the upper molars is 
Mammals, more sinuous than in the Antelope or Sheep, the middle convexity 
being more prominent and the lateral depressions deeper. The cres- 
centic islands are not so wide as in the larger Antelopes, and the 
secondary terminal indentations are less marked at the forepart of 
the island. The small internal accessory column (e) forms part of 
the periphery of the grinding surface at the inner interspace of the 
lobes, when the crown has been worn down about half an inch, from 
which part it decreases in size to the beginning of the fangs. 

In the Deer [Cervus), the inner crescentic subdivision of each lobe 
is thicker transversely than in the Bovidcs. In the great extinct 
Irish Deer {Megaceros^ fig. 120), which has molar teeth as large as 
those of the Aurochs, the crescentic islands are simple, narrow, and 
more curved or bowed than in the Ox, and in consequence of the later 
division of the vertical fold of the capsule, the cemental cavity^ of 
each is continued into the other until a later period of the attrition 
of the crown, as shewn in the upper molar (fig. 120). In the Elk 
(subgenus Alces), the central crescents are continuous for a still 
longer period, and the median lon^tudinal fold, which divides the 
crown transversely, retaining its full breadth for a greater extent. 
The crown of the molar is divided, during a longer period of attri- 
tion, by a crucial incision. The molars of the Camel present 
the most simple condition of the Euminant type of these teeth ; the 
transverse fold dividing the crown being short, the dentine of the two 
lobes soon forms a continuous tract. The common base of the cres- 
centic vertical folds of the capsule being likewise short, the enamel 
islands are soon separated from each other. They include a shallow 
or narrow crescentic cavity, "with a simple but slightly sinuous con- 
tour. The two outer shallow longitudinal depressions of the crown 
have no middle rising ; and there is no columnar process at the inter- 
space of the two inner convexities. Bojanus has well illustrated 
these characteristics of the upper molars of the Camel in his memoir 
on the 3Ierycot7ierium,^ a large extinct Camelqid genus of Mumi- 
nantiaj founded on remains discovered in the drift of Siberia ; and 
he has extended the comparison to the Sheep, the Elk, and the 
Ox. 


Cuvier compares the lower molars of the Euminants to the upper 
ones reversed. In the lower true molars the single median longitu- 
dinal fold is external, and divides the convex outer sides of the two 
lobes. The base of the fold extends, in some species, across the 
molar for some distance before it contracts in breadth, retreating 
towards the outer side, and the two lobes of the crown accordingly 
continue to be completely divided for a longer period, as in the Elk 
and Griraffe. The inner surface of the molar is gently sinuous, the 
concavities being rarely so deep as those of the outer surface of the 
upper molars. The lower molars are always tBinner, in proportion 
to their breadth, than those above, and the crescentic islands are 
narrower and less bowed. The differences which the lower molars 
present in different genera of Ruminants are analogous to those in 
the upper molars, but are less marked. The accessory small column, 
when present, as in Bos, Urus, Megaceros, and Alces, is situated at 
the outer interspace of the convex lobes, and nearer the base in the 
Cervidce than in the Bovidce. It is not developed in the Antelopes, 
Sheep, or Camel, and is wanting in most of the smaller species of 
Deer. The last true molar of the lower jaw is characterized in all 
Ruminants by the addition of a third posterior lobe. This is very 
small and simple in the Camel and the Gnu, is relatively larger in 
the Bovidce and Cervidce, and presents, in the Megaceros and Siva- 
therium, a deeper central enamel island or fold, which also charac- 
terizes the smaller third lobe in the Giraffe. The lower molars of 
the genus Auchenia are peculiarly distinguished by the vertical ridge 
at the forepart of the anterior lobe, which does not exist in the Camels 
of the Old World. 

In all Ruminants, the outer contour of the entire molar series is 
slightly zigzag, the anterior and outer angle of one tooth projecting 
beyond the posterior and outer angle of the next in advance. The 
premolars are smaller and more simple than the molars, with which 
they form a continuous series in the true Ruminants. In the upper 
jaw they are not divided into two lobes by an internal cleft, but 
resemble a single lobe of the true molars, of greater breadth than 
thickness, with a single central crescentic island, and usually with 
an internal nasal ridge. 

The central crescents have a more complex contour in Megaceros 
than in Bos, and the first premolar, which is always the smallest, is 
relatively larger in the Deer than in the hollow-horned Ruminants. 
In the small Musk-deer, the crescentic enamel-island is reduced to a 
small internal notch or fold, and the outer border of the crown is 
trenchant and pointed. In the lower jaw the premolars decrease in 
size from the third to the first, which has usually a compressed 
conical crown, with a sinuous inner surface. The second and third 
premolars have two deeper notches on the inner side, and a small 
second hinder lobe seems to be slightly marked off by a vertical depres- 
sion on the outer side of the crown. All the th ree lower premolars have 
compressed, sub-trenchant, and pointed crowns in the small Musk- 
deer (Tragulus). The true Musk {Moschus) more resembles the 


ordinary Deer in its premolara. The aberrant Camelidoe deviate Teeth of 
most from ruminant type in the position, shape, and number of the Mammals, 
premolars. 

The extinct Cheer opotamus, Anthracotherium, Syepotamus, and 
JBCippohyus, had the typical dental formula, and .this is preserved in 
the existing representative of the same section of non-ruminant 
Artiodactyles, the Hog. The permanent dental formula of the genus 
Bus is illustrated in fig. 20. 

The upper incisors (fig. 20, i) decrease in size from the first to Suidse, 
the third; the first has a short, strong, obtusely-pointed crown, Hog-tribe. 
obliquely levelled from the outside of the base to its apex, which 
inclines towards and touches that in the other premaxillary by its 
produced inner part; the crown, before it is worn, presents a semi- 
lunar depression on its inner side, the concavity of which, directed 
towards the base, receives a tubercular prominence, it is implanted 
by a short, thick, curved fang ; this incisor is relatively larger in the 
Bus larvatus than in the Bus scrofa; the basal line of the enamel is 
extremely irregular ; that substance extends more than an inch upon 
the outer side of the tooth, but only two or three lines on the inner 
side, where an angular piece seems to be cut out. The second 
incisor in the common Hog has a crown as broad as the first, but 
shorter and thinner; its edge is trenchant and deutated, but is soon 
worn down ; in this state the abraded surface of both incisors shows a 
dark mark in the centre. The third is a very small tooth, a little ' 
removed from the second. The lower incisors are long, sub-com- 
pressed, nearly straight ; the second is rather larger than the first ; 
the third is the smallest, as in the upper jaw. 

The upper canines, in the Wild Boar (fig, 20, c) curve forwards, 
outwards, and upwards ; their sockets inclining in the same direction, 
and being strengthened above by a ridge of bone, which is extraor- 
dinarily developed in the Masked Boar of Africa. The enamel 
covering the convex inferior side of this tusk is longitudinally ribbed, 
hut is not limited to that part ; a narrow strip of the same hard 
substance is laid upon the anterior part, and another upon the pos- 
terior concave angle forming the point of the tusk, which is worn 
obliquely upwards from before, and backwards from that point. In 
the Sow the canines are much smaller than in the Boar. Castration 
arrests the development of the tusks in the male. 

The teeth of the molar series progressively increase in size from 
the first to the last. The first premolar (fig, 20, p 1) has a simple, 
compressed, conical crown, thickest behind, and has two fangs ; it is 
further removed from the second in the Bus larvatus than in the Bus 
scrofa. The second premolar (fig. 20,y? 2) has a broader crown with 
a bind-lobe, having a depression on its inner surface, and each fang 
begins to be subdivided. The third premolar (fig. 20,^ 13) has a 
similar hut broader crown implanted by four fangs. The fourth pre- 
molar (fig. 20, p 4) has two principal tubercles and some irregular 
vertical pits on the inner half of the crown. The first true molar 
(m 1), when the permanent dentition is completed, exhibits the effects 
of its early development in a more marked degree than in most other 
Mammalia, and in the Wild Boar has its tubercles worn down, and 
a smooth field of dentine exposed .by the time the last molar has come 
into place ; it originally bears four primary cones, with smaller sub- 
divisions formed by the wrinkled enamel, and an anterior and posterior 
ridge. The four cones produced by the crucial impression, of which 
the transverse part is the deepest, are repeated on the second true 
molar (fig. 20, m 2) with more complex shallow divisions, and a 
larger tuberculate posterior ridge. The greater extent of the last 
molar (fig. 20, m 3) is chiefly produced by the development of the 
hack ridge into a cluster of tubercles ; the four primary cones being 
distinguishable on the anterior main body of the tooth. The crowns 
of the lower molars are very similar to those above hut are rather 
narrower, and the outer and inner basal tubercles are much smaller, 
or are wanting; the grinding surface of the last is shown in 
fig. 122. 

The first or deciduous dentition of the Hog consists of — 

_ /H; On! ’"11 = 28. (fig. 17). 

The first milk-incisor above is large, oblique, trenchant, and with a 
depression on the inner surface of the crown ; the second and third 
are pointed, the latter being as long as the milk-canine. The first 

and second incisors, below, are 
trenchant and oblique, and have 
the indentations and ridge 
slightl^r marked on the upper or 
inner side of the long and nar- 
row crown ; the third is pointed, 
and like a canine. The outer 
third milk-incisor in both jaws 
Fig. 122. is more advan ced in growth than 

Last Lower Molar, Hog. Nat. size. birth. The canines 

are leeble, and have their nor- 
mal direction in both jaws, the upper ones ascending according to the 
general type, which is not departed from until at a later period of 
life. 



1 yova Acta Nat. Cv/rios. 4to, 1824, tom. xii. pt. i. p. 265, tab. xxi. 
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Teeth of The first deciduous molar is not succeeded b j a premolar, but Isolds 
Mammals, the place of such some time after the other deciduOTS molars are shed 

and succeeded by the premolars (p 2, 3, and 4). The last true molar 

(fig. 122) is remarkable for its large proportional size pd complexity 
of grinding surface. By the time it is acq^uired and in use, the first 

true molar (ttz 1) is worn flat. , ^ a. x 

The Hoff is the only existing hoofed genus that manifests, as 
regards number, the typical dentition displayed by the Zhchodon 
in common with many other Eocene ungulate and unguiculate Mam- 
malia. The deviation in the Hog from this type is slight, being 
confined to the non-development of p 1, and the early reduction of 
the numerical formula by the loss oi the small tooth (a 1, fig. 17 
at the beginning of the molar series. ...» , 

That the Didwdon belongs to the Artiodactyle series is inferred, 
notwithstanding the want of any direct evidence of the structure of 
its limbs, from the more simple form and structure of p 1, p 2, md. 
p 3, as compared with the true molars, and from the symmetrical 
ruminating pattern of the grinding surface of the crown of the true 

From the true Euminants the Dicliodon differs in the development 
of the upper incisors and of p 1 in both jaws, which teeth are wanting 
in all the known existing species. 

Such feeble traces of embryotic rudiments of these teeth as have 
been observed by Professor Goodsir and others, in the Cow and Sheep, 
and the more conspicuous germs of upper incisors, of which one pair 
is functionally developed, in the CameMcB, are phenomena that derive 
increased significance and interest from the fact of the functional 
development of the same teeth in Artiodactyle Ungulates of the Eocene 

^^In the configuration of the true molars the JDicJiodofi would seem 
to be more nearly allied to the Euminant section of the ArtiodactyU; 
in the number and kinds of its teeth it more resembles the Hog-tribe 
amongst the non-Euminant section. The known facts of the deci- 
duous dentition of the Dkhodon supply an additional test of its 
affinities, owing to the marked differences, in the times and order of 
succession of the permanent teeth, between the Hog-tribe and the 
Euminants, at least in the Ox and Sheep. 

In these the last true molar cuts the gum before any of the pre- 
molars appear, and the canine 
teeth (“corner-nippers” of the 
veterinarians) are the last of the 
permanent teeth to come into 
place, their appearance marking 
the completion of the third year 
in the Sheep, and a somewhat 
later period in the Ox. In the 
Hog the canines appear before 
the premolars, and these are in 
place and use before the last 
molar is on a level with the rest 
of the grinders. 

In the Dkhodon cuspidatm 
the second true molar, in the 
upper jaw, is in place before 
any of the deciduous series of 
teeth have been shed; and it 
is coming into place, with the 
crown complete, before the 
pulps of the premolars have 
even begun to he calcified. 

The lower jaw of the sheep 
at from nine to twelve months 
would afford the nearest parallel 
amongst existing Artiodactyles 
to that of the immature Dkho- 
don figured in pi. 4. 2, vol. 

iv. of the Quarterly Journal of 
the Geological Society. But by 
the time the second true molar 
in the Sheep is as far advanced 

in development as in the Dkhodon (fig. 2, loc. cit., p. 2, upper jaw) 
the first permanent incisor is in place, and the germs of the pre- 
molars in the cavities of reserve have calcified crowns. 

The subjoined table indicates the several teeth by the symbols 
explained in the Section on the Homologies of the Teeth.^ 

The necessity of exactness in the records of the age of the 
valuable breeds of domesticated cattle, exhibited in competition at 
agricultural meetings, has led to a greater accuracy in the state- 
ments of the periods of development of the different teeth in the 
Ox, Sheep, and Hog; and the results of the writer’s observations, 
with those recorded by Bojanus, the learned veterinary profes- 
sor at^Wilna, and by Mr Simonds, the professor of cattle path- 
ology in the Eoyal Veterinary College of London,^ are averaged in 
the following 


Table op the Times op Appeaeahce op the Permanent Teeth in 
THE Ox, Sheep, and Hog. 


Teeth of 
Mammals. 


Symbols. 

Ox. 

Sheep. 

Hog. 

Early. 

Year. Month. 

Late. 

Year. Month. 

Early. 

Year. Month. 

Late. 

Year. Month. 

Year. Month. 

i 1 

1 

9 

2 

3 

1 

0 

1 

4 to 8 

1 

0 

i 2 

2 

3 

2 

9 

1 

6 

2 

0 to 4 

1 

6 

i 3 

2 

9 

3 

3 

2 

3 

2 

9 to 12 

0 

9 

c 

3 

3 

3 

9 

3 

0 

8 

6 

0 

9 

m 1 

0 

4 

0 

6 

0 

3 

0 

6 

0 

6 

m 2 

1 

8 

1 

8 

0 

9 

1 

0 

0 

10 

m 3 

2 

0 

2 

3 

1 

6 

2 

0 

1 

6 

darpl 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

p 2 

2 

6 

2 

8 

2 

0 
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The dentition of the Wart-hogs is reduced by the suppression of Phaco- 
certain incisors, and of the first two premolars — the tooth-forming choerus. 
energy being, as it were, transferred to the last true molar, which is 
even more remarkable than in the common hog for its size and com- 
plexity in both jaws. Fig. 123 shows the condition of the upper 
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Fig.l23.j! 

Molar Senes of aduLt "Wart-liog (Phacochoerus)* Nat. size. 

molar series in a Phacochoerus JElliani^ soon after the acg^uisition of 
m 3. The first true molar (m 1), in consequence of its being in place 
much earlier than the rest of the permanent series, as shown in fig, 
124, is now almost worn out. The premolars (p 4 and p 3) continue 



Fig. 124. 

Dentition of a Young Wart-hog, PhicocJiosrus. 

in use after m 1 is shed; and by the modifying growth of the jaw 
and the pressure on the grindei's, they are brought into contact with 
m 2. The writer has seen instances in which p 4 has remained after 
m 2 has been shed, and when the molar series has been reduced to 
the teeth marked p 4 and m 3. This tooth (fig. 123, w 3) — the last 
true molar — ^is the most characteristic tooth of the Pkacochcerus^ and 
perhaps the most peculiar and complex tooth in the whole class of 
Mammalia. The surface of the crown presents three series of enamel 
islands, in the direction of the long axis of the grinding surface ; the 
middle row, of eight or nine islands, is elliptic and simple ; those of 
the other rows are in equal number, but are sometimes subdivided 
into smaller islands. These islands or lobes are the abraded ends of 
long and slender columns of dentine, encased by thick enamel, and 
the whole blended into a thick coherent crown by abundant cement, 


^ See also Philost^hical Trcmactions, 1850, p. 481. 


* The Age of the Ox, Sheep, and Pig, 8vo, 1854. 
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Teeth of which fills np all the interspaces, and forms a thick exterior invest- 
Mammals. ment of the entire complex tooth. 

The milk-molars are in number; hut only the two last are 
succeeded by^ premolars (fig. 124, p 3 and p 4), although sometimes 
a small anterior milk-molar (d 2) is developed in the lower, as in the 
upper jaw. This interesting modification, as to order and number, 
in the change of the dentition, has thrown important light on the 
more anomalous dentition of the Elephant. 

Hippopo- tendency to excessive and, as it may be termed, monstrous 

taraus. development which characterises the canine teeth in the typical 
SiiidcBt affects both these and the incisors in the present remarkable 
genus, of which the Hippopotamus of the great rivers of Africa is 
now the sole existing representative. 

The two median inferior incisive tusks are cylindrical, of great size 
and length, obliquely abraded at the upper and outer part of their 
extremity ; the basal portion which is lodged in the deep alveolus is 
lon^tudinally grooved ; the two outer incisors are likewise cylindrical 
and straight, are much smaller, and are worn towards the inner side 
* of their point. The upper canines curve downwards and outwards, 

their exposed part is very short, and is worn obliquely at the fore- 
part from above downwards and backwards ; they are three-sided, 
with a wide and deep longitudinal groove behind. The lower canines 
(fig. 126) are extremely massive and large, curved in the arc of a 
circle, subtrihedral, the angle rounded off between the two anterior 
sides, which are convex and thickly enamelled, the posterior side of 
the crown being almost wholly occupied by the oblique abraded sur- 
face opposed to that on the upper canine. The implanted base of 
each of these incisive and canine teeth is simple, and excavated 
for a large persistent matrix, contributing to their perennial ^owth 
by constantly reproducing the dental matter to replace the abraded 
extremities. The direction of the abraded surface is in part provided 
for by the partial disposition of the enamel. The molar series con- 
sists of— „ i? 90 


The first premolar has a simple subcompressed conical crown, and a 
single root ; it rises early, and at some distance in advance of the 
second premolar, and is soon shed ; the other premolars form a con- 
tinuous series with the true molars in the existing species, but in 
the extinct Hippopotamus major, whose remains are found in the 
superficial deposits of this island and on the Continent, the second 
remolar is in advance of the third by an interval equi to its own 
readth. This and the fourth premolar retain the simple conical 
form, but with increased size, and are impressed by one or two longi- 
tudinal grooves on the outer surface, which, when the crown is much 
worn, give a lobate character to the grinding surface. The true molars 
are primarily divided into two lobes or cones by a wide transverse 
valley, and each lobe is subdivided by a narrow antero-posterior cleft 
into two half cones, with their flat sides next each other ; the convex 
side of each half cone is indented by two angular vertical notches, 

hounding a strong in- 
termediate prominence. 
When their summits 
begin to he abraded, each 
lobe or pair of demicones 
presents a double trefoil of 
enamel on the grinding 
surface, as shown in fig. 
125; when attrition has 
proceeded to the base of 
the half cones, then the 
grinding surfaces of each 
lobe presents a quadiilo- 
bate figure. The crown 
of the last molar tooth of 
the lower jaw is lengthened 
Molar Tootli, Hippopotamus ont by a fifth cone, deve- 

loped behind the two nor- 
mal pairs of half cones, and smaller in all its dimensions. 

The large tusks of the Hippopotamus exhibit the maximum of 
density in the chief component tissues. The enamel “ strikes fire ” 
with steel like flint. The compact dentine has a high commercia 
value, especially for the fabrication of artificial teeth. It differs from 
true ivory by showing, in transverse section, the simple concentric 
instead of the “engine-turned” or curvilinear decussating lines. 

In the ordinary-sized tusks the fine-tubed dentine, which forms 
the concentric-lined ivory, continues with little or no alteration of 
texture from the periphery to the pulp-cavity ; hut in very large and 
old tusks the apex of that cavity contains osteo-dentine, and that 
tissue is abundantly developed when the normal function of the den- 
tinal pulp is disturbed by injury or disease. A very remarkable 
example of the inferior tusk of the Hippopotamus is figured in cut 
126, exemplifying the subserviency of the osteo-dentine in the re- 
paration of a complete fracture of a tooth. 



The injury is indicated externally by a sudden transverse constric- Teeth of 

Mammals. 



tion of the tusk (fig. 126), with an interruption in the enamel at 
that part, and irregular deposits of dentine both there and at the 
adjoining concavity of the tusk. A longitudinal section of the tusk 
showed the pulp-cavity obliterated at the fractured part, and for some 
distance below it, towards the base of the tusk, by a mass of osteo- 
dentine, deposited principally in the form of nodules closely impacted 
together, their convex sides projecting into the re-established pulp- 
cavity next the base, the general disposition of the osteo-dentine 
bein^ very like that in the centre of the tooth of the Cachalot. The 
remains of the pulp-cavity in the protruded part, or crown of the 
tusk, were unusually conspicuous, in the form of a narrow canal near 
the concave side of the tusk, and opening like a fistula upon that 
surface just beyond the fracture. Another irregular slender canal 
extended transversely through part of the uniting substance, and 
opened upon the concave side of the tusk just below the preceding. 

From these appearances it may be concluded that the tusk, either by 
the action of a shot, or other violence, had been snapped across its 
implanted and hollow base, with probably also fracture and injury 
to the prominent socket ; but that the broken portions being^ held 
together by their adhesion to the surrounding parts, inflammation ’of 
the pulp and capsule had ensued, ending in an altered mode of action 
in the calcifying processes, which produced the more vascular sub- 
stance, which has exemplified its resemblance to true bone by effect- 
ing the union of the fracture. 

The true natural affinities of, the Hippopotamus are clearly mani- Succession, 
fested by the character of its deciduous dentition ; and if this he 
compare^d with the dentition at a like immature period in other 
Ungulata, e. g., with that of the Horse tribe, it will be seen, by its 
closer correspondence with that of Artiodactyles, and more especially 
the Phacochere, that the Hippopotamus is essentially a gigantic Hog. 

The formula of the teeth, which are shed and replaced, is — 


. 2.2 
^ 2.2 ’ 


C 


83 

;m- = 24. 


If the small and simple tooth, which. is developed anterior to the 
deciduous molars, and which has no successor, he regarded, from its 
early loss in the existing Hippopotamus, as the first of the deciduous 
series, we must then reckon with Cuvier four milk-molars on each 
side of both jaws. 

The incisors in both jaws are simply conical and subequal, with 
an entire cap of enamel on the crown. The deciduous canines 
scarcely surpass them in size in the upper jaw, and not at all in the 
lower. Projecting forwards, here, from the angles of the broad and 
straight symphysis, they appear like an additional pair of incisors ; 
and we have seen that the character of equality of development was 
retained by the ancient form of Hippopotamus with the more typical 
number of incisors, which formerly inhabited India. 

The first true deciduous molar has a conical crown and two fangs 
in both jaws. That above has also a conical crown with one strong 
posterior and two anterior ridges. The second deciduous molar has 
a large trDohate crown, the first lobe small, with an anterior basal 
ridge ; the second large, conical, with three longitudinal indenta- 
tions ; the third lobe still larger, and cleft into two half-cones by an 
antero-posterior fissure assuming the normal pattern of the true 
molars. The third deciduous molar above more closely resembles 
the ordinary upper true molar ; hut its second pair of demi-cones are 
relatively larger. In the lower jaw the last deciduous molar has a 
more complex crown than that of any other teeth of the permanent 
or deciduous dentition.'* It has three pairs of demi-cones, progres- 
sively increasing in size, from before backwards, with an anterior 
and posterior basal ridge and tubercles. Like the last trilobate 
deciduous lower molar of the Hog, it increases in thickness pos- 
teriorly, instead of diminishing here, like the last true molar of the 
lower jaw of the adult Hippopotamus. 


' This tooth is described as the first of four true molars by M. F. Cuvier, Dents de Mamm^ireSj p. 207 ; but its true nature was recognised by 
Baron Cuvier. See Ossemens Fossilesj 4to, i. p. 289. 
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Equidse. 

Perisso- 

dactyla. 


The Horse yields the first example of the dentition of the hoofed 
Quadrupeds with toes in uneven number, because it offers in this 
part of its organization some transitional features between those of 
the dental characters of the typical members of the artiodaotyle and 
of those of the Perisso-dactyle Ungulata. 

All the kinds of teeth are retained, in nearly normal numbers, in 
both jaws, and with almost as little unequal or excessive develop- 
ment as in the Anoplothere ; but the prolongation of the slender 



rig. 127. 

Dentition of Upper Jaw, Eorse. 


jaws carries the canines (figs. 127, 128, c) and incisors (ib. i) to 



Fig. 12?. 

Dentition of Lower Jaw, Horse. 

some distance from the molars, and creates a long diastema, as in 
the ituminants and Tapirs. The first deciduous molar (fig. 129, c? 1) 
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Kg. 130, 

Upper Molar, Horse. Nat. size. 



Kg. 131. 

Section of Incisor. 
Horse. 


Kg. 129. 

Decidnons Dentition, Horse. 

is very minute, and is not succeeded, as in the Anoplothere, by a 
permanent premolar ; yet, remaining longer in place than the larger 
‘deciduous molars behind, it represents the first premolar, and com- 
pletes the typical number of that division of the grinding series.^ If 
the dental formula of the genus JEquus be restricted to the function- 
ally developed permanent teeth, it will be — 

• • Ml ® ^ Ar\ 

^II’^3.3’^3.3’ “ 

The outer side of the upper molar of the Horse {Equus CahaUuSy 
fig. 130) is impressed, as in the Palseothere (fig. 117), by two wide 

longitudinal channels (fig. 130, 
/,/). The depression (i) is sepa- 
I T rated from the oblique valley (e) ; 
the depression (g) forms a cres- 
I centic island like \ when the 
’I _ crown begins to be worn away, 
t-a There is a smaller depression (A) 
which indents the hinder side of 
the crown. An accessory lobe, ap- 
parently answering to that marked 
m in Anoplotheriim (fi^. 116), but 
more probably answering to the 
inner end of the lobe (d) in the 
Rhinoceros (fig. 132), is marked 
off by the anterior indentation 
m, and adds to the complexity of the crown, which, in the 
general aspect of the grinding surface, approaches in •character 
to that of the Ruminants (fig. 320). In the lower jaw, the correspon- 
dence of type with that of the Rhinoceros is more obvious. The 
teeth here, as is usual in other quadrupeds, are narrower transversely 
than in the upper jaw; they are divided externally into two convex 
lobes (pi. 128, m 1 and 2) by a median longitudinal fissure, and on 
the inner side they present three principal unequal convex ridges, 
and an anterior and posterior narrower ridge ; but the crown of the 
molar is penetrated from the inner side by deeper and more complex 
folds than in the Rhinoceros or Palseothere. The anterior one, be- 
tween the narrow ridge and the first principal internal column, 
expands into a sub-crescentic fold ; , the second is a short, simple fold, 
and teminates opposite that which penetrates the tooth from the 
outer side ; the third inner fold expands in the posterior lobe of the 


tooth, like tbe first. Two short folds partially detacb a small acces- Teeth of 
sory lobe at the posterior part of the crown. Mammals. 

The incisors (figs. 127, 128, i) are arranged close together in the 
arc of a circle at the extremity of both jaws. 

They are slightly curved, with long simple 
suhtrihedral fangs tapering to their extre- 
mity (fig. 131). The crowns are broad, thick, 
and short. -The contour of the biting surface, 
before it is much worn, approaches an ellipse, 

These teeth, if found detached, recent or fossil, 
are distinguishable from those of the Rumi- 
nants by their greater curvature, and from 
those of all other animals by the fold of enamel 
(fig. 131, c’) which penetrates the body of the 
crown from its broad flat summit, like the 
inverted finger of a glove. When tbe tooth 
begins to be worn, the fold forms an island of 
enamel inclosed in a cavity, partly filled by 
cement and partly by tbe discoloured sub- 
stances of tbe food; this is called by horse- 
dealers tbe “ mark.” In aged horses the 
incisors are worn down below the extent of tbe 
fold, and tbe mark disappears. Tbe cavity is 
usually obliterated in the first, or mid-incisors 
at the sixth year, in the second incisors at 
the seventh year, and in the third or outer 
incisors, at the eighth year, in the lower jaw. 

It remains longer in those of the upper jaw, 
and in both the place of the mark continues 
for some years to be indicated by tbe dark- 
coloured cement. 

The canines (figs. 127 and 128, c) are small in tbe stallion, less in 
the gelding, and rudimental in the mare. The unworn crown is 
remarkable for tbe folding in of tbe anterior and posterior margins of 
enamel, which here includes an extremely thin layer of dentine. 

The upper canine (fig. 127, c) is situated in the middle of the long 
interspace between the incisors and molars. Tbe lower canine (fig. 

128, c) is close to tbe outer incisor, as in tbe Ruminants, but is better 
distinguished by its cuspidate form. The antetype, or representative 
of the first premolar (fig. 129, d 1), is a very small and simple rudi- 
ment, and is soon shed. Tbe three normal premolars (figs. 127, 128, 
p 2, 3, and 4) are as large and complex as the true molars (figs. 127, 

128, m 1, 2, 3). The anterior one (p 2) is usually the largest of the 
series in the upper jaw, the anterior lobe extending forwards into an 
obtuse angle. 

^ The most obvious character by which tbe horse’s molars may be 
distinguished from the complex teeth of other Herlivora correspond- 
ing_ with them in size, is the ^reat length of the tooth before it 
divides into fangs. This division, indeed, does not begin to take 
place until much of the crown has been worn away ; and thus, except 
in old horses, a considerable portion of the whole of tbe molar is 
implanted in the socket by an undivided base. This is slightly 
curved in the upper molars. 

Tbe following is tbe average course of development and succession 
of tbe teeth in the Equm Cahalhis : — Tbe summits of the first func- 
tional deciduous molar (fig. 129, d 2, “first grinder” of veterinary 
authom) are usually apparent at birth ; the succeeding grinder {d 3) 
sometimes rises a day or two later, sometimes together with the first. 

Their appearance^ is speedily followed by that of the first deciduous 
incisor (fig. 129, i 1, “centre nipper” of veterinarians) which usually 
cuts the ^m between the third and sixth days. The second 
deciduous incisor (fig. 1 29, i 2) appears between tbe twentieth and 
fortieth days, and about this time the rudimental grinder {d 1) comes 
into place, and the last deciduous molar {d 4) begins to cut the gum. 

About tbe sixth month tbe inferior lateral or third incisors (fig. 129, 
i 3), with the deciduous canine (c), make their appearance. Tbe 
minute canine is shed about tbe time that tbe contiguous incisor is 
in place, and is not retained beyond tbe first year. Tbe upper 
deciduous canine is shed in the course of the second year. The 
appearance of the third deciduous incisors or “corner nipper’’ com- 
pletes the stage of dentition called the “ colt’s mouth” by veterinary 
authors. Tbe first true molar (m 1) appears between the eleventh 
and thirteenth m'onths. The second molar {m 1) follows before tbe 
twentieth month. The first functional premolar (y> 2) displaces the 
deciduous molar {d 2) at from two years to two years and a half old. 

The first permanent incisor (figs. 127 and 328, i 1) protrudes from 
the gum at between two years and a half and three years. At the same 
period tbe second, or penultimate premolar (ib. p 3), pushes out tbe 
penultimate milk-molar (fig. 329, 3), and tbe penultimate true molar 
(w 2) comes into place. The last premolar (p 4) displaces the last 
deciduous molar at between three years and a half and four years ; 
the appearance above tbe gum of tbe last true molar (m 8) is usually 
somewhat earlier. The second incisor (z 2) pushes out its deciduous 
predecessor about the same period. The permanent canine or “tusk” 

(c) next follows ; its appearance indicates the age of four years, but 
it sometimes comes earlier. The third, or outer incisor (fig. 128, i 3), 
pushes out tbe deciduous incisor (ib. 3 cZ) about the fifth year, but is 
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Teeth of seldom in full place "before the horse is five years and a half old ; the 
Mammals, last premolar is then usually on a level with the other grinders. 

Upon the rising of the third permanent incisor, or “corner nipper*’ 
of the veterinarians, the “colt** becomes a “horse,” and the “filly” 
a “ mare,’* in the language of the horse-dealers ; after the disap- 
pearance of the “mark” in the incisors, at the eighth or ninth year, 
the horse becomes “ aged.” 

Ehinoceros. The modifications which the upper molars of the rhinoceros pre- 
sent, as compared with those of its antetype, the Palaeotherium, will 
be readily understood by comparing fig.'ll? with fig. 132, and are 

k 



Fig. 

Upper Molar, Rhinoceros. Nat. size. 

as follows: — The concavities iff) on the outer side of the crown, in 
fig. 117, are almost levelled, and from one of them a slight convexity 
projects, in some species of Ehinoceros, giving a gently undulated 
surface on that side of the crown. The valley (c) is more expanded 
at its termination (z), and in some species bifurcates and deepens, so 
that one branch may form an insulated circle of enamel when the 
crown is worn. The posterior valley {g) is usually deeper and more 
extended. The ordinary lobes (a, 6, c, d) are very similar, and pro- 
duce, by the confluence of a with c, and of h with d, the two oblique 
tracts of dentine which are more decidedly established as transverse 
ridges in the Lophiodont or Tapiroid group. A basal iddge (r) girts 
more or less completely the inner and the fore and hind parts of the 
base of the crown. 

The formula of the functional molar series is — 

There are no canines. As to the incisors, the species vary, not only 
in regard to their form and proportions, but also their existence ; and 
in till- varieties of these teeth we may discern the same inverse rela- 
tion to the development of the horns which is manifested by the 
canines of the Kuminants. Thus, the two-horned Rhinoceroses of 
Africa, which are remarkable for the great length of one {Eh. hicornis^ 
Rli. simtis) or botli {Eh. Keitloa) of the nasal weapons, have no 
incisors in their adult dentition, neither had that great extinct two- 
horned species {Eh. tichorinus), the prodigious development of whose 
horns is indicated by the singular modifications of the vomerine, 
nasal, and pre-maxillary bones, in relation to the firm support of those 
weapons. The Sumatran bicorn Ehinoceros combines, with compara- 
tively small horns, moderately-developed incisors in both jaws ; and 
the same teeth are present in the nearly allied extinct two-homed 
Rhinoceros, called, after its discoverer, Sbhleiermacheri. The incisors 
are developed in both the existing Unicorn Rhinoceroses, {Eh. Indims 
and Eh Sondai(m\ but they attain tlieir largest dimensions in the 

singular extinct hornless spe- 
cies, the Ehmoce.ros indswus 
of Cuvier, which makes the 
transition to the extinct genus 
PalcRotherium, and forms the 
type of the aberrant subgenus 
Acerotherium of Dr Kaup. 

The molar teeth in the lower 
jaw consist of two subequal 
oblique crescentic or semi- 
cylindrical lobes, which, when 
slightly worn, present the ap- 
pearance shewn in the middle of the three figures in cut 133, 
from a molar of the right ramus of the lower jaw. The figure 
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Fig. 183. 

Lower Molar, Rhinoceros. 


opposite the fright hand shews the outer side, that opposite the Teeth of 
left hand the inner side. In each figure, a d is the anterior lobe, Mammals. 



Deciduous and Permanent Teeth, Hyrax. Nat. size. 

b e the posterior lobe ; c is the antero-internal border, and d the 
postero-internal border of the anterior lobe ; e is the postero-internal 
border of the posterior lobe ; /is the concavity of the anterior, g that 
of the posterior lobe. The above structure characterises the last 
two premolars and all the true molars of the lower jaw of the 
Rhinoceros, the ultimate one not being characterised, as in the 
Pcdmotherium, by an accessory lobe. 

The deciduous molars of the Rhinoceros are, in number as well 
as in shape, closely similar to those in the diminutive, hornless, 
hairy, rhinoceros-like quadruped, called Hyrax, which bears the 
same relation to the great Rhinoceros as the small existing Sloth 
does to the extinct Megatherium. The change of dentition of the 
EhinocerotidcB is, therefore, here illustrated by the young Hyrax 
capensis (fig. 134). 

The law of development, so instructive and constant in the placen- 
tal JDiphyodonts, is well illustrated in this species. The four pre- 
molars (p 1, 2, 3, 4) are exposed above the four deciduous molars 
(c2 1, 2, 3, 4), which they push out ; the first true molar (m 1) is in 
place ; the second {m 2) and third {m 3) molars are in different states 
of forwardness. The first premolar differs from the rest only by a 
graduated inferiority of size, which, in the last premolar (p 4), ceases 
to he a distinction between it and the true molars. 



Kg. 135 

Dentition of the Tapir. 

The dental formula of the Tapir is — 

The median incisors above {i 1, 2, 3) have a broad trenchant crown, 
separated by a transverse channel from a large basal ridge; the 
wedge-shaped crowns of the opposite pair below fit into the 
channel, and have no basal ridge ; the outer incisors above (z 3) are 
very large and like canines ; those below are unusually small. The 
canines (fig. 13fi, c) have crowns much shorter than their roots, and 
not projecting, like tusks, beyond the lips ; they are pointed, with 
an outer convex, separated by sharp edges from an inner, less con- 
vex, surface. The lower canines fonn part of the same semicircular 
series with the incisors ; the upper ones project close to the inter- 
maxillary suture, separated from the incisors by a short space for the 
reception of the crown of the lower canine. The first three premolars 
above {p 1, 2, 3) have the outer part of the crown composed of two 
half cones, the posterior one having a basal ridge ; the anterior basal 
ridge rises into a small cusp in the second premolar, which increases 
in size in the third and fourth ; in this tooth {jp 4) the transverse 
depression divides at the base of the anterior and outer demicone, 
and the posterior division is continued into the interspace of the two 
demicones ; these, therefore, now become in w 1 and 2 the outer 
ends of the two transverse wedge-shaped eminences, giving their 
summits a curve whose con- 
cavity is turned backwards ; 
the last molar (m 3) may be 

known by the shorter and ^ 7 % ^ 

more curved posterior emi- ^ a 

neuce. In the dentition of t,- loa ^ 

the lower jaw (fig. 136) the t • 

double transverse ridged Senes, Lower Jaw, Tapir, 

type of tooth, which has been before described in the Kangaroo, 


Tapirus. 


472 


ODONTOLOGY. 


Teeth of Diprotodon, and Manatee, preTails throughout the molar series, the 
Mammals, anterior talon being most produced and compressed in the first 
tooth (p 2). 

The most extraordinary of extinct Pachyderms is that which 
Cuvier regarded as a gigantic Tapir, on account oi the character of 
the molar teeth (see the lower fig. in cut 137) ; but which subseq[uent 



Dentition of Dinotheriuin 


discovery of the cranium, and the enormous tushs of the lower jaw 
(fig. 137), has proved to be a genus connecting the tapiroid with 
the proboscidian families of Perissodactyla. ^ 

The permanent dentition of the genus DinotJierium is — 

* 1.1 * ^ 00 ’ 2.2 ’ ^ 2.2 

The two deciduous molars in situ on each side of the fragment of 
the upper jaw of the young JDinotherium, which Professor Kaup 
has figured in Tab. 1 of his Ossemens Fossiles de Darmstadt^ answer 
to the third and fourth of the typical series. The crown of the ante- 
rior milk-molar supports two transverse ridges with an anterior and 
posterior basal ridge ; its contour is almost square ; the last milk- 
molar has a greater antero-posterior extent, ana supports three trans- 
verse eminences with an anterior and posterior basal ridge, tbe 
anterior ridge being developed into a pointed tubercle at its outer 
end. The two premolars (fig. 137, p 3 and 4} conform to the general 
rule in being more simple than the teeth which they displace and 
succeed. Tne first upper premolar (p 8) supports a longitudinal 
ridge on the outer side of the crown, and two mamilloid tubercles, 
with confluent bases along the inner side of the crown, which is sur- 
rounded, except at its outer part, by a basal ridge. The unworn 
summits of both the ridge and tubercles are divided into smaller 
tubercles by a series of notches. The crown of the second premolar 
(p 4) supports four tubercles, tbe outer ridge being deeply cleft, and 
tbe two anterior tubercles are united by a continuous ridge, which 
converts them into a transverse eminence, like those which charac- 
terise the true molar teeth. The transverse diameter of the second 
premolar exceeds the antero-posterior one, the proportions being the 
reverse of those of the deciduous molar, which it displaces. ^ The 
first true molar {m 1) repeats the structure of the hindmost deciduous 
molar, its crown having a disproportionate antero-posterior extent, 
and supporting three transverse eminences, with an anterior, poste- 
rior, and internal basal ridge. The Dinothere resumes the Tapiroid 
character, and differs essentially from the Mastodon, inasmuch as 
tbe posterior molars (m 2 and 3), instead of having an increased 
antero-posterior extent and more complex crowns, increase only in 
thickness, and support two instead of three transverse eminences ; 
they have also an anterior and a posterior basal ridge. In the lower 
jaw the first premolar fp 3) is implanted, like that above, by two 
fangs ; but it has a smaller and simpler crown, which is narrower 
in proportion to its antero-posterior extent, and is almost entirely 
occupied by tbe antero-posterior ridge, only tbe posterior of tbe two 
inner tubercles being developed ; thus the crown presents more of a 
trenchant than of a grinding character ; the second premolar (^ 4) 
supports two transverse ridges. The third pf the permanent aeries, 
which is the first tine molar {m 1), has three transverse ridges, like 
the one above, hut is relatively narrower, the second (m2) and third 
(m 3) true molars have each large square crowns, with two trans- 


verse ridges, and an anterior and posterior talon, the latter being Teeth of 
more developed than in the corresponding molars of the upper jaw. Mammals. 

As the three-ridged or first true molar tooth is the first of the per- 
manent series which comes into place, its crown, conformably with 
the general law, exhibits most abrasion. 

The generic peculiarity of the Dinotherium is most strongly mani- 
fested in its tusks. These tusks (fig. 137) are two in number, 
implanted in tbe prolonged and deflected symphysis of tbe lower jaw, 
in close contiguity with each other, and having their exserted crown 
directed downwards and bent backwards, gradually decreasing to the 
pointed extremity. Each tusk has a slight longitudinal depression 
on its outer side ; the long implanted base is excavated by a wide 
and deep conical pulp-cavity, like the tusks of the Mastodon and 
Elephant. 

In jaws with molar teeth of equal size, the symphysis and its 
tusks offer two sizes ; the larger ones, which have been found four 
feet in length, with tusks of two feet, may be attributed to the male 
Dinothere ; the smaller specimens, with tusks of half size, to the 
female. The ivory of these tusks presents the fine concentric struc- 
ture of those of the Hippopotamus, not the decussating curvilinear 
character which characterises the ivory of the Elephant and Mas- 
todon. No corresponding tusks, nor the germs ot such, have yet 
been discovered in tbe upper jaw of the Dinotherium. 

No family of Mammalian quadrupeds has suffered more from the Probosci- 
destructive operations of time than that which is characterised by dians. 
the gigantic size of the individuals composing it, and their peculiar 
endowment of a long and prehensile proboscis. Tbe Elephants of 
Africa, India, Ceylon, and Sumatra, represent tbe proboscidian type 
of the hoofed series of mammals at the present day ; but much more 
numerous species of as huge proboscidians formerly existed, dispersed 
over a wider geographical range, and in which the Elephantine den- 
tition was reduced by gradational series of modifications almost to 
the comparative simplicity of that of the Dinothere and Tapir. 

The name Mastodon was applied by Cuvier to certain species, Mastodon, 
which, being at the Tapiroid or Dinotherian extremity of the pro- 
boscidian series, manifested modifications of tbe teeth most meriting 
to be held generically distinct from those of tbe existing Elephants. 

Tbe grinding surface of the molars (fig. 138), instead of being cleft 
into numerous thin plates, was divided into wedge-shaped transverse 
ridges, and the summits of these were subdivided into smaller cones, 
more or less resembling tbe teats of a cow, whence the generic name.'* 

A more important modification appeared to distinguish the extinct 
genus, in respect of the structure of tbe molar teeth ; the dentine, or 



Upper Molar of Mastodon. I 

principal substance of the crown of the tooth (fig. 138, d) is covered 
by a thick coat of dense and brittle enamel (e) ; a thin coat of cement 
is continued from tbe fangs upon tbe crown of tbe tooth, but this 
substance does not fill up the interspaces of tbe divisions of tbe 
crown, as in the Elephants (fig. 144, c). Such at least is the cha- 
racter of the molar teeth of the typical and first-discovered species 
of Mastodon, which Cuvier has termed Mastodon giganteus and Mas- 
todon angustidens (fig. 138). Fossil remains of proboscidians have 
subsequently been found principally in tbe tertiary deposits of tropical 
Asia, in which tbe number and depth of the clefts of tbe crown of 
the molar teeth, and tbe thickness of the intervening cement, are so 
much increased as to establish transitional characters between the 
lamello-tuberculate teeth of the Elephants and the mammilated 
molars of the typical Mastodons, showing that the characters dedu- 
cible from tbe molar teeth are rather the distinguishing marks of 
species than of genera in the present family of mammalian quadru- 
peds. 

The dentition of this family may be expressed by tbe formula — 

.7 • 1.1 . • 1.1 . 00. ^ j3.3. „ 1.1. ^ 3.3 _Q4.. 

that is to say, in tbe proboscidians in which the dentition most 
nearly approached to the typical one, thirty-four teeth were developed, 


1 a nipple ; oBoi/Sj ^ tooth. 
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as follows : — ^In the Tipper jaw two decidoons incisors, followed by 

two^ permanent incisors deve- 
loped as, tusks; six deciduous 
molars, (three on each side, d 
2, 3, 4, fig 3 9 ; two premolars 
(one on each side, p 3, fig. 
139), and,six true molars (three 
on each side, 1, 2, 3, figs. 139 
and 140): — ^in the lower jaw, 
two incisors as tusks (uncertain 
whether preceded by deciduous 
tusks), deciduous molars, pre- 
molars, and molars, as in the 
upper jaw. The Elephautoid 
animal {Mastodon longirostris, Kaup ; Mastodon angustMens, in part, 
Cuvier) which exhibited the above instructive dentition of the Pro- 
boscidian family, once roamed over the part of the earth now forming 
England, Erance, Italy,, and Germany. The first steps in our knowledge 
of its dentition were made by Cuvier, who called it the narrow-toothed 
Mastodon “ Mastodon a dents etroites,” or Mastodon angustidens. 
This name was suggested by the less breadth of the grinding surface 


i’lg. 139. 

Deciduous dentition, young Mastodon 
longirostns. 



Dentition of old Mastodon longirostris, 

of the teeth as compared with those of a previously described species 
of Mastodon from North America, called the Mast, giganteus or JT. 
Ohioticus. Cuvier describes and figures a last molar, upper jaw, from 
Trevoux, consisting, as in the specimen from Norfolk Crag (fig. 138)> 
and as in that from Eppelsheim (fig. 140, m 3), of five transverse 
ridges, with a front and back talon or subsidiary ridge. The latter 
is the largest, and subdivided into teat-shaped tubercles, so as almost 
to merit the name of a sixth division of the tooth. The principal 
ridges are divided into two chief or primary tubercles, with secondary 
tubercles in the interspace ; the chief tubercles are more or less 
deeply grooved lengthwise, or cleft at top, so that mastication wore 
them down to small circles of [dentine surrounded by a thick border 
of enameir and further attrition reduced these to a trilohed or trefoil 
form. 

The last lower ^molar of the Mast, angmtidens from La Bochetta 
di Tanaro,^ exhibits the same five principal transverse ridges and 
the hinder one, as in the corresponding tooth in the Eppelsheim 
Mastodon (fig. 140, m 3), and being the first of the series of narrow 
mastodontoid teeth to which Cuvier applied the name angusti- 
d&ns, it may he regarded as the type of that species. The charac- 
teristic ppemolar of the Mast, angustidens, witn a quadrate crown 
of two ridges, each cleft into two tubercles (fig 139, p ^3), is 
figured by Cuvier, in Op. cit. pi. i., fig. 3, and again, situ, with the 
last deciduous molar {d 4) in a portion of the upper jaw of the Mas- 
todon angustidem from Dax (ib. pi. iii., fig. 2). The nature of this 
quadrituberculate tooth as a premolar, i. e., as a tooth which displaced 
and succeeded an earlier or deciduous tooth in the vertical direction, 
was recognised by Cuvier. Je crois encore qu’on pent en conclure 
que la dent anterieure Stait susceptible de remplacement de haut on 
bas, comme dans Thippopotame r ma raison est, que cette petite 
dent de Dax n’est pas encore usee et qu’il faut qii’elle soit venue 
aprds la grande qui Test.’’^ Dr Kaup has described and figured the 
same premolar in the upper jaw of a younger individual of theMas- 


todon angustidens (his longirostris), in which it is still concealed in Teeth of 
its formative cavity above the three-lohed deciduous tooth which it Mammals, 
has replaced in Cuvier’s specimen. The tooth next behind, which 
is the homologue of the last milk-molar {d 4, fig. 139)_ of the typical 
series, consists, in both the Dax and Eppelsheim specimens, of three 
principal ridges and a posterior hituberculate talon j this accessory 
portion being more developed in the Eppelsheim specimen. Whether 
such difference be valid for a specific distinction may be doubted; but 
that Cuvier assigned the name angustidens to a Mastodon with 
narrower molars than the M gigant&us, which had a quadri-tuberculate 
premolar, a penultimate molar of four principal divisions and a talon, 
and a last molar with five principal divisions and a talon, is certain. 

To that Mastodon, therefore, which has the same shaped and sized 
ultimate and penultimate true molars and premolar, the same name 
is here assigned. 

The antepenultimate molar (fig. 139, m 1) consists of four ridges and 
a talon. 

Three molars are developed anterior to this tooth ; the first (fig. 3, 
d 2) is the smallest, with a subquadrate crown of two transverse 
ridges. The second molar (fig. 3, d 3), of twice the size of the first, 
has three ridges. The third molar {d 4), with an increase of one 
third the hulk of the former, has three ridges and a 
hituberculate talon, which in some specimens might 
almost be reckoned as a fourth ridge. The two-ridged 
premolar (p 3) above described, takes the place of the 
second of the above molars, after the first and second 
are shed. The above definition of the molar series ap- 
plies to both upper and lower jaws, the cut (fig. 136), 
and the symbolic letters and numbers, preclude the 
necessity of verbal description. 

Erom the analogy of the existing elephants, it may 
be inferred that the long tusks (fig. 137, i) supported by 
the premaxillaries, were preceded by a pair of small 
deciduous incisors. There is not such ground for con- 
cluding their existence in the mandible ; but this jaw, 
at least in the male Mastodon, supported two incisive 
tusks, shorter and straighter than those above. 

In the Proboscidian quadrupeds the mol'ar teeth, pro- 
gressively increasing in size, and’ most of them in com- 
plexity, follow each other from before backwards, at 
longer intervals than in other quadrupeds, and are never 
simultaneously in place. Not more than three are in 
use at any period on one side of either jaw ; all the 
molars, save the penultimate (fig. 140, m 2) are shed by 
the time the crown of the last molar has cut the gum, 
and the dentition is finally reduced to 3 on each side 
of both jaws, with commonly the loss of the inferior 
tusks, as in the old Mastodon angustidens, from the 
tertiary deposits of the Po, described and fi!gured by 
Sismonda.® 

The readiest and most intelligible key to the homologies of the 
above-described dentition, aberrant as regards the Mammalian type, 
but typical amongst tbe Proboscidian modifications, is that afforded 
by the Wart-hog (J^acocAcerws). In fig. 122' the symbols are 
attached to the several teeth indicative of their homologies, as un- 
doubtedly determined by comparison with the Hogs that retain the 
typical dentition. 

The Wart-hog, moreover, is the hoofed animal that makes the 
nearest approach to the Elephant in the complex structure of the 
molars, iu their progressive increase of size and complexity, in the 
early loss of the anterior molars, and the ultimate reduction of the 
series to the last large and complex one (m 3). 

In Phacochcerus (fig. 122) only the last two premolars (p 3' and 4) 
are developed; in Mastodon (fig. 136)’ only tlie penultimate one (p 
3); in Mlephas proper, even this tooth becomes obsolete, and the 
guide to the deciduous molars is restricted to tbe homology of tbe 
true molars (m 1, m 2, and m 3)^ with the answerable teeth in Mas- 
todon and Thacoehoffrus? 

As to the teeth anterior to the molar series, some might he tenmted 
to regard the tusks of the Proboscidian as the homologue of the 
tusk-like canines of the hoar tribe, advanced to the position of the 
incisors, which are in that view wholly wanting. But the numerous 
instances in which in Merhivoraj the canines are obsolete whilst 
the incisors are retained, and the true incisive nature of the pre- 
maxillary tusk-like teeth in the Eodents, show the determination of 
the premaxillary and symphysial tusks of the Proboscidians, as 
incisors, to be the sounder conclusion. 

The dentition of the genus ElepTias, the sole existing modification Elephas. t 
of the once numerous and various Proboscidian family, includes two 
long tusks, one in each of the premaxillary bones, and large and 
complex molars in both jaws. Of the latUr there is never more 
than one wholly, or two partially, in place and use on each side at 
any given time, the series continually being in progress of formation 


^ Cuvier, Op, cit. Divers Mastoebntesy pi, iv., fig. 1, top view, fig. 2, side view. 
® Osteografiz di un Mastodonte Angttstidente, 4to, Turin, 1851. 


Ossemens Fossiles, 4to, 1821, tom. i. p. 256. 
^ Odontography, p. 621. 
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Teeth of and destmction, of shedding and replacement ; and, in the Elephants, 
Mammals, all the grinders succeed one another, like true molars, horizontally, 

from behind forwards. The total number of teeth developed in the 

Elephant appears to be — 

^ ^. 1.1 .11 ^^ 3.3 3 £_ 

The two large permanent tasks aie preceded two small de- 
ciduous ones, and the number of molar teeth which follow one 
another on each side of both jaws is certainly not less than six, 
of which the last three answer to the last three in the Mastodon, 
and to the true molars, ml, 2 and 3, of other diphyodont placental 
Mammals. The writer has shewn in his Odontography, that “the 
deciduous tusk makes its appearance beyond the ^m between the 
fifth and seventh months. It rarely exceeds two inches in length, and 
is about a third of an inch in diameter at its thickest, where it pro- 
trudes from the socket. The fang is solidified, and contracts to its 
termination, which is commonly a little bent, and is considerably 
absorbed by the time the tooth is shed, which takes place between 
the first and second year.” “ The socket of the permanent tusk in 
a new-born Elephant as a round cell about three inches in diameter, 
situated on the inner and posterior side of the aperture of the tem- 
poraiy socket.” The permanent tnsks cut the gum when about an 
inch in length, a month or two usually after the milk-tusks are shed. 
At this period, according to Mr Corse, ^ the permanent tusks are 
“ black and ragged at the ends ; when they become longer, and pro- 
ject beyond the lip, they soon are worn smooth by the motion pd 
friction of the trunk.” Their widely-opeu base is fixed upon a conical 
pulp, which, with the capsule surrounding the base of the tusk and 
the socket, continues to increase in size and depth, obliterating all 
vestiges of that of the deciduous tusk, and finally extending its base 
close to the nasal aperture. The ivory of the tusk is formed by 
successive calcification of layers of the pulp, in contact with the 
inner surface of the pulp-cavity ; and, being subject to no habitual 
attrition from an opposed tooth, but being worn only by the occasional 
uses to which it is applied, it arrives at an extraordinary length. It 
follows the curve onginally impressed upon it by the form of the 
socket, and gradually widens from the projecting apex to that part 
which was formed when the matrix and the socket had reached their 
full size. 

These incisive teeth of the Elephant not only surpass other teeth 
in size as belonging to a q^uadruped so enormous, but they are the 
largest of all teeth in proportion to the size of the body ; represent- 
ing, in a natural state, those monstrous incisors of the Rodents (fig. 
92), which are the result of accidental suppression of the wearing 
force of the opposite teeth. 

The tusks of the Elephant, like those of the Mastodon, consist 
chiefly of that modification of dentine which is called “ ivory,” and 
which shows, on transverse fractures or sections, striae proceeding in 
the arc of a circle from the centre to the circumference in opposite 
directions, and forming, by their decussations, curvilinear lozenges. 
This character is peculiar to the tusks of the Proboscidian Pachy- 
derms, and is characteristic of true ivory. In the Indian Elephant 
there is a well-marked sexual difference in the growth of the 
tusks. They are always short and straight in the female, and less 
deeply implanted than in the male ; she thus retaining, as usual, 
more of the characters of the immature state. In the male they have 
been known to acquire a length of nine feet, with a basal diameter 
of eight inches, and to wei^ one hundred and fifty pounds ; but 
these dimensions are rare in the Asiatic species. 

Mr Corse, speaking of the variety oi Indian Elephant, called 
“ Dauntelah” from its large tusks, which project almost horizontally 
with a slight curve upwards and outwards, says : “ The largest 1 
have known in Bengal did not exceed seventy-two pounds avoirdu- 
pois; at Tiperah they seldom exceed fifty pounds.” There are 
varieties of the Dauntelah, in which the large tusks of the male are 
nearly or quite straight ; and in a more marked breed called “ Mook- 
nah ” the tusks are much smaller, are straight, and pointy directly 
downwards. These ascertained varieties in an existing species ought 
to weigh with the observers of analogous varieties in the teeth of 
fossil Proboscidians, before they pronounce definitely on their value 
as characters of distinct species. More anomalous varieties occasion- 
^ly present themselves in the African Elephant, as when one tusk 
is horizontal, the other vertical, or when, from some distortion of the 
alveolus, a spiral direction is impressed upon the growth of the tusk, 
as in that specimen figured by Grew in the Rarities of Gresham 


College,” tab. 4, and which is now in the Museum of the Royal Teeth of 
College of Smgeons, London,® The tusk of the Elephant is slightly Mammals, 
movable in its socket, and readily receives a new direction of growth 
from habitual pressure ; this often causes distorted tusks in captive 
Elephants ; and Cuvier relates the mode in which advantage was 
taken of the same impressibility in order to rectify the growth of 
such tusks in an Elephant kept at the Garden of Plants in 
Paris. 

The tusks of the extinct Ehphm primigenius, or mammoth, have a 
bolder and more extensive curvature than those of the A/ZepAas indicus; 
some have been found which describe a circle, but the curve being 
oblique, they thus clear the head, and point outwards, downwards, and 
backwards. The numerous fossil tashs of the Mammoth which have 
been discovered and recorded, may be ranged under two averages of 
size— the larger ones at nine feet and a half, the smaller at five feet 
and a half in length. The writer has elsewhere ® assigned reasons 
for the probability of the latter belonging to the female Mammoth, 
which must accordingly have differed from the existing Elephant of 
India, and have more resembled that of Africa in the development 
of her tusks, yet manifesting an intermediate character by their 
smaller size. Of the tusks which are referable to the male Mammoth, 
one from the newer tertiary deposits in Essex measured nine feet 
ten inches along the outer curve, and two feet five inches in circum- 
ference at its thickest part ; another from Eschscholtz Bay was nine 
feet two inches in length, and two feet one and a half inches in circum- 
‘ ference, and weighed one hundred and sixty pounds. A specimen, 
dredged up off Dungeness, measured eleven feet in length. In several 
of the instances of Mammoth’s tusks from British strata, the ivory 
has been so little altered as to be fit for the purposes of manufacture ; 
and the tusks of the Mammoth, which are still better preserved in 
the frozen drift of Siberia, have long been collected in great numbers 
as articles of commerce.^ 

In a specimen of the extinct Indian Elephant {Elephas ganesa, 

!l^. and 0.) preserved in the British Museum, the tusks are ten feet 
six inches in length, and in consequence of their small amount of 
curvature, they project eight feet five inches in front of the bead. 

Their apparent disproportion to the size of the skull is truly extraor- 
dinary, and exemplifies the maximization of dental development. 

Cuvier® states that the Elephant of Africa, at least in certain localities, 
has large tusks in both sexes, and that the female of this species, 
which lived seventeen years in the menagerie of Louis XI v., had 
larger tusks than those in any Indian Elephant, male or female, of 
the same size which he had seen. The ivory of the tusks of the African 
Elephant is most esteemed by the manufacturer for its density and 
whiteness. 

The molar teeth of the Elephant are remarkable for their great 
size, even in relation to the bulk of the animal, and for the extreme 
complexity of their structure (fig. 141). The crown, of which a 
great proportion is buried in the socket, and very little more than 
the grinding surface appears above the gum, is deeply divided into a 
number of transverse perpendicular plates, consisting each of a body of 
dentine (d), coated by a layer of enamel (e), and this again by the less 
dense bone-like substance (c) which fiUs the interspaces of the enam- 
elled plates, and here more especially merits the name of “ cement,” 
since it binds together the several divisions of the crown, as at c, before 
they are fully formed and united by the confluence of their bases into 
a common body of dentine. As the growth of each plate begins at 
the summit, they remain detached, and like so many separate teeth 
or denticles, as at the back part of fig. 141, until their base is com- 
pleted, when it becomes blended with the bases of contiguous plates 
to form the common body of the crown of the complex tooth, from 
which the roots are next developed. The plates of the molar teeth 
of the Siberian Mammoth {Elephas primigenivs, fig. 142) are thinner 
in proportion to their breadth, and more numerous in proportion to 
the size of the crown, than in the existing species of Asiatic Elephant 
(fig. 143). 

In^the African Elephant (fig. 144), on the other hand, the lamellar 
divisions of the crown are fewer and thicker, and they expand from 
the margins to the centre of the tooth, yielding a lozenge form when 
cut or worn transversely, as in mastication. 

The horizontal as well as vertical course of development of the Develop- 
Elephant’s grinder is well illustrated by the molar, the last of the ment. 
lower jaw (fig. 141). The separate digital processes of the posterior 
plates are still distinct, and adhere only by the remaining cement. 

A little in advance we see them united to form the transverse plate 


* See Mr Corse’s Memoir on the Teeth of the Elephant, in the Philosophical Transactions, 1799, p. 211. A good figure of the deciduous tusk is 
given in plate 5. 

® Osteol. Series, No. 2757. The writer is indebted to the distinguished traveller. Dr Livingstone, for a similar tusk of an African Elephant, from 
the Zambesi district. 

* History of British Fossil Mammals, ^vo, p. 247. 

*_In the account of the Mammoth’s bones and teeth of Siberia, published in the Philosophical Transactions for 1737 (No. 446), tusks are cited 
which weighed two hundred pounds each, and “ are used as ivory to make combs, boxes, and such other things ; being little more Mttle and easily 
turning yellow by weather and heat.” From that time to the present there has been no intermission in the supply of ivory furnished by the tusks 
of the extmct Elephants of a former world. 

* Loc, cit. p. 65, ♦ 
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Mammals, of dentine {d) is exposed, by which the plates are finally blended into 



Last Lower Grmder, Elephant. 


one individual complex grinder.' This never tahes place simul- 
taneously along the whole extent of the tooth in the Indian Elephant. 


into play with a prominent enamel ring ; the digital processes Teeth of 
are next ground down to ^their common uniting base, and a trans- Mammals. 

verse tract of dentine, 
with its wavy border 
of enamel, is exposed ; 
finally, the transverse 
plates themselves are 
abraded to their com- 
mon base of dentine, 
and a smooth and po- 
lished tract of that 
substance is produced. 

From this basis the 
roots of the molar are 
developed, and in- 
crease in length to 
keep the worn crown 
on the grinding level 
until the reproductive 
force is exhausted. 

When the whole ex- 
tent of a grinder has 
successively come into 
play, its last part is re- 
duced to a long fang 
supporting a smooth 
a few remnants of the 



Pig. 142. 

Upper Grinder of the Mammoth, {Mephas primigeniits). 

The African species manifests a closer afdnity to the Mastodon hy the 
hasal conflnence of the plates before the anterior ones are worn out. 



Kg. 143. 

Upper Molar, Asiatic Elephant. 

The formation of each grinder begins with the summits of the 
anterior plate, and the rest are completed in succession ; the tooth is 
i r c 



Pig 144. 

Upper Molar, African Elephant. 

gradually advanced in position as its growth proceeds, and in the 
existing Indian Elephant, the anterior plates are brought into use 
before the posterior ones are formed. When the complex molar 
cuts the gum the cement is first rubbed oj0f the digital summits, then 
their enamel cap is worn away, and the central dentine comes 


and polished field of dentine, with pei 
bottom of the enamel folds at its hinder part. 

When the complete molar has been thus worn down to a uniform 
surface, it becomes useless as an instrument for grinding the coarse 
vegetable substances on which the Elephant subsists \ it is attacked 
by the absorbent action, and the wasted portion of the molar is 
finally shed. The grinding teeth of the Elephant progressively 
increase in size and in the number of lamellar divisions irom the first 
to the last, and as the rate of increase in both respects is nearly iden- 
tical in both jaws, they are here described as they appear in the lower 
one (fig. 141). 

The first molar, which cuts the gum in the course of the second Succession, 
week after birth, has a subcompressed crown nine-lines in antero- 
posterior diameter, divided by three transverse clefts into four plates, 
the third being the broadest, and the tooth here measuring six lines 
across. The first and second plates have two mamilloia summits, 
the third and fourth have three or four such; there is a single and 
sometimes a double mamilloid summit at the fore and back part of 
the crown, and the base slightly contracts, and forms a neck as long 
as the enamelled crown, but of less breadth, and this divides into 
anterior and posterior long, suhcylindrical, diverging, but mutually 
incurved fangs ; the total length of this tooth is one mch and a half. 

The corresponding upper molar, which Mr Corse describes as cutting 
the gum a little earlier than the lower one, has the anterior process 
or mammilla, and the posterior talon, developed into a fifth plate, 
smaller than the fourth, with which its middle part is confluent ; the 
neck of this tooth is shorter, and the two fangs are shorter, larger, 
and more compressed, than those of the lower first molar. This 
tooth is the homologue of the deciduous molar (fig. 139, e? 2) in the 
Mastodon and other Ungulates ; it is not a mere miniature of the 
great molars of the mature animal, hut retains, agreeably with the 
period of life at which it is developed, a character much more nearly 
approaching that of the ordinary pachydermal molar, manifesting 
the adherence to the more general type hy the minor complexity of 
the crown, and hy the form and relative size of the fangs. In the 
transverse divisions of the crown we perceive the afSnity to the 
Tapiroid type, the different links connecting which with the typical 
Elephants are suj^lied hythe extinct Lophiodons, Dinotheriums, 
and Mastodons. The subdivision of the summits of the primary 
plates recals also the character of the^ molars, especially the smaller 
ones, of the Phacochere in the Hog tribe. As the Elephant advances 
in age, the molars rapidly actjuire their more specif and complex 
character. The first molars are completely in ^ace and in full use 
at three months, and are shed when the Elephant is about two years 
old. 

The sudden increase and rapid development of the second molar 
answering to c? 3 in fig. J39, may account for the non-existence of 
any vertical successor to the former tooth, or “ premolar,” in the 
Elephant The eight or nine plates of the crown of this tooth are 
formed in the closed alveolus, behind the first molar, hy the time this 
cuts the gum, and they are united with the body of the tooth, and 
most of tnem in use, when the first molar is shed. The average 
length of the second molar is two inches and a half, ranging from 
two inches to two inches and nine lines ; the greatest breadth, which 
is behind the middle of the tooth, is from one inch to one inch three 


^ Some anatomists have described the divisions of the crown of the Elephanifs grinder as so many distinct teeth,” and Mr Corse (loc, cit. p. 
213), who first propounded this view, calls each complex grinder “a case of teeth,” and states, “that these teeth axe merely joined to each other by 
an intermediate softer substance acting like cement.” J3ut this statement applies only to the incompletely formed tooth ; and the detached eminences 
of each individual plate, or of the crown of any complex tooth, at that stage of growth when they are held together only by the still xincalcified 
supporting matrix, might reasonably be regarded as so many distinct teeth. 
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™ mt ^ nf small anterior one by virtue of the different densities of their constituent substances, Teeth of 

Teeth of lines. There are two roots , h ^ +i,« ante- a series of cylindrical ridges of enamel, with as many depressions of Mammals. 


jLeebaoi. lines, xiiere uwu - a 

Mammals, expands in the crown, and is continued into that of the three an^- 

thicker root supports the rest of the tooth ; the 

second molar is worn out and shed before the beginning of the second 

^^The third molar, answering to d 4 in fig. 139, has the crown 
divided into from eleven to thirteen plates ; it averages four inches in 


dentine, and deeper external valleys of cement ; the more advanced ' 
and more abraded part of the crown is traversed by the transverse 
ridges of the enamel inclosing the depressed surface of the dentine, 
and separated by the deeper channels of the cement; the forepart of 
the tooth exhibits its least efficient condition for mastication ; the 


nXand two fachJsfa breatthTiiS has a smaU anterior, and a very inequalities of the grinding sitrface heing reduced in proportion as 
length and two incnesm or^a n, enamel and cement which invested the dentinal plates have been 

eXrthese”cnfyei eictensive worn away : this part of the tooth is. however, fitted for the first 

end ot the the ninth year, coarse crushing of the branches of a tree ; the transverse enamel 

^swering to « 1 in fig 139, presents a marked ridges of the succeeding part of the tooth divide it into smaller frag- 
au^o-S^^“Xo“r the fliird, and a somewhat different form, ments. and the postenor islands and tubercles of enamel pound it to 


ficnire to the tooth in the upper jaw. The number of plates in the 
crown of this tooth is fifteen or sixteen ; its length between seven 
and eight inches, its breadth three inches. It has an anterior simple 
and slender root supporting the three first plates ; a second of larger 
size and bifii supporting the four next plates ; and a large contract- 
ing base for the remainder. The forepart of the grinding surface 
of this tooth begins to protrude through the gum at the sixth year ; 
the tooth is worn away, aud its last remnant shed, about the twen- 
tieth or twenty-fifth year. It is the homologue of the first true 
molar of ordinary Pachyderms. 

The fifth molar, answering to m 2 in fig. 140, v?ith acrown of from 
seventeen to twenty plates, measures between nine and ten inches in 
length, and about three inches and a half in breadth. The second 
root is more distinctly separated from the first simple root than from 
the large mass behind. It begins to appear above tbe gum about tbe 
twentieth year ; its duration has not been ascertained by observa- 
tion, but it probably is not shed before the sixtieth year. 

The sixth molar, answering to m 3 in fig. 140, is the last, and has 
from twenty-two to twenty-seven plates ; its length, or antero-poste- 
rior extent, following the curvature, is from twelve to fifteen inches ; 
the breadth of the grinding surface rarely exceeds three inches aud 
a half. 

The reproductive power of the matrix in some cases surpasses 
that of the formative development of the cavity for lodging the tooth, 
and the last lamellsa are obliged to he folded from behind forwards 
upon the side of the tooth. Fig. 141 shows this dondition in the last 
lower molar. 

One may reasonably conjecture that the sixth molar of the Indian 
Elephant, if it make its appearance about the fiftieth year, would, 
from its superior depth and length, continue to do the work of mas- 
tication until the ponderous Pachyderm had passed the century of its 
existence. 

The molars succeed each other from behind forwards, moving, not 
in a right line, but in the arc of a circle. The position of the grow- 
ing tooth in the closed alveolus is almost at right angles with that 
in use. The grinding surface being at first directed backwards in 
the upper jaw, and forwards in the lower jaw ; and heing brought 
by the revolving course into a horizontal line in both jaws, so that 
the molars duly oppose each other when developed tor use. The 
imaginary pivot on which the grinders revolve is next their root in 
the upper jaw, and is next the grinding surface in the lower jaw ; 
in both towards the frontal surface of the skull. Viewing both upper 
and lower molars as one complete whole, subject to tbe same revolv- 
ing movement, the section dividing such whole into upper and lower 

portions, runs parallel to the curve described by that movement, the ^ 

upper heing the central ^rtion, or that nearest the pivot, the lower by alfew vascular canals, which is continued to the apex of the tusk, 
the peripheral portion. The grinding surface of the upper molars is It is not uncommon to find processes of osteo-dentine or^ imperfect 
consequently convex from hSiind forwards, and that of the lower bone-like ivory, projecting in a stalactitic form into the interior of 


ridges of the succeeding part of the tooth divide it into smaller frag- 
ments, and the posterior islands and tubercles of enamel pound it to 
tbe pulp fit for deglutition. The structure and progressive develop- 
ment of the tooth not only give the Elephant’s grinder the advantage 
of the uneven surface which adapts the millstone for its office, but, 
at tbe same time, secure the constant presence of the most efficient 
arrangement for the finer comminution of the food at the part of the 
mouth which is nearest the throat. 

With regard to the microscopic structure of the peculiar modifica- 
tion of dentine called “ ivory,” this is characterised partly by the 
minute size of the tubes, which, at their origin from the pulp-cavity, 
do not exceed T-j^?yth of an inch in diameter; in their close arrange- 
ment, at intervals scarcely exceeding the breadth of a single tube ; 
and, above all, on their strong and ^most angular gyrations, which 
are much greater than the secondary curvatures of the tubes of ordi- 
nary dentine. 

The dentinal tubes of ivory, as they radiate from the pulp-cavity, 
incline obliquely towards the pointed end of the tusk, and describe 
two slight primary curves — the first convex towards that end, the 
second and shorter one concave. These curves, in narrow sections 
from near the open base of the tusk, are almost obscured hy^ the 
strong angular parallel secondary gyrations. The tubes divide dicbo- 
tomously, at acute angles, and gradually decrease in size as they 
approach the periphery of ]bhe tusk. 

The characteristic appearance of decussating curved striae, with 
oblique rbomboidal spaces, so conspicuous on transverse sections or 
fractures of ivory, is due to tbe refraction of light caused by the 
parallel secondary gyrations of the tubes above described. The 
strong contour lines observed in longitudinal sections of ivory, parallel 
with the cone of the pulp’ cavity, and which are smaller, circular, and 
concentric, when viewed in transverse slices of the tusk, are com- 
monly caused by strata of minute opaque cellules, which are unusually 
numerous in the interspaces of the tubes throughout the substance 
of tbe ivory, and by their very great abundance and larger size in 
the peripheral layers of cement. The close-set lateral branches of 
the dentinal tubes unite with the tubuli of the cells. Tbe decom- 
position of the fossil tusk into superimposed conical layers takes 
place along the strata of the opaque cellules, and directly across the 
course of the gyrating dentinal tubes. By the minuteness and close 
arrangement of the tubes, and especially by their strongly undulating 
secondary curves, a tougher and more elastic tissue is produced than 
results from their disposition in ordinary dentine ; and the modifica- 
tion which distinguishes “ ivory ” is doubtless essential to tbe due 
degree of coherence of so large a mass as the elephant’s tusk, pro- 
jecting so far from tbe supporting socket, and to he frequently applied 
in deming hard blows and thrusts. The central part of tbe tusk, 
especially near tbe base of such as have reached their full size, is 
occupied by a slender cylindrical tract of modified ivory, perforated 


Structure. 


molars concave. Tbe upper molars are always broader than tbe 
lower ones. Tbe bony plate forming the sockets of the growing 
teeth is more than usually distinct from the body of tbe maxillary, 
and participates in this revolving course, advancing forwards with 
the teeth. The partition between the tooth in use and its successor 
is perforated near the middle, and in its progress forwards that part 
next the grinding surface is first ahsorhed, the rest disappearing 
with the absorption of the roots of the preceding^ grinder. 

There are few examples of organs that manifest a more striking 
adaptation of a highly complex and beautiful structure to the exi- 
gencies of the animal endowed with it, than the grinding teeth of 
the Elei)hant. We perceive, for example, that the jaw is not encum- 
bered with the whole weight of the massive tooth at once, but that 
it is formed by degrees as it is required ; the division of the crown 
into a number of successive plates, and the subdivision of these into 
cylindrical processes, presenting tbe conditions most favourable to 
UTogressive formation. But a more important advantage is gained 
»y this subdivision of the tooth ; each part is formed like a perfect 
simple tooth, having a body of dentine, a coat of enamel, and an 
outer investment of cement. A single digital process may be com- 
pared to the simple canine of a Carnivore ; a transverse row of these, 
therefore, when the work of mastication has commenced, presents, 


I 


the pulp-cavity. 

The musket-balls and other foreign bodies which are occasionally 
found in ivory, are immediately surrounded by osteo-dentine, in 
greater or less quantity.^ It has often been a matter of wonder bow 
such bodies should become completely imbedded in the substance of 
the tusk, sometimes without any visible aperture, or how leaden 
bullets may have become lodged in the solid centre of a very large 
tusk without having been flattened. The explanation is as follows : — 
A musket-ball, aimed at the head of an elephant, may penetrate the 
thin bony socket and the thinner ivory parietes of the wide conical 
pulp-cavity occupying the inserted base of the tusk. The hole is 
soon healed and filled up, by ossification of the periosteum of the 
socket and of the pulp next the thin wall of ivory which has been 
perforated. The hall sinks below the level of this cicatrix, and the 
presence of the foreign body exciting inflammation of tbe pulp, an 
irregular course of calcification ensnes, which results in the deposition 
around the hall of a certain thickness of osteo-dentine. The pulp, 
then resuming its healthy character and functions, coats the surface 
of the osteo-dentine, inclosing the ball, together with the rest of the 
conical cavity into which that mass projects, with layers of normal 
ivory. By the continued process of growth the ball so inclosed is 
carried forwards to the middle of the solidified part of the tusk. 


^ seems to have been the first to notice these irregular internal deposits in the pulp-cavity of the elephant’s tusk. Mementa PhyMogws, 
tom, vui. p, ol9. 2 Cuvier, Armales du Mus4m, tom. viii. p. 115 (1806). Goodsir, Edinh, Philos, Trans,, 1841, p, 97. 



ODONTOLOGY 


477 


Teeth of Should the ball have penetrated the base of the tusk of a young 
Mammals, elephant, it may be carried forwards by the uninterrupted growth 
' and wear of the tusk, until that base has become the apex, and be 
finally exposed and discharged by the continual abrasion to which 
the apex of the tusk is subjected. 

Yet none of these phenomena prove the absolute non-vascularity 
of the tusk, hut only the low degree of its vascularity. Blood circu- 
lates, slowly no doubt, through the prolongations of the pulp in the 
minute vascular canals which are continued through the centre of the 
ivory to the very apex of the tooth. And it is from this source that 
the fine tubular structure of the ivory obtains the correspondingly 
minute villi carrying the plasmatic colourless fluid by which its low 
vitality is maintained. 

The matrix of the tusk consists of a large conical pulp, which is 
renewed quicker than it is converted, and thus is not only preserved, 
but grows up to a certain period of the animal’s life. It is lodged in 
the cavity at the base of the tusk ; this base is surrounded by the 
remains of the capsule — a soft vascular membrane of moderate thick- 
ness — which is confluent with the border of the base of the pulp, 
where it receives its principal vessels. The writer had the tusk and 
pulp of the great elephant at the ^Zoological Gardens lon^tudinally 
divided, soon after the death of that animal in 1847. Although the 
pulp could be easily detached from the inner surface of the pulp- 
cavity, it was not without a certain resistance ; and when the edges 
of the co-adapted pulp and tooth were examined by a strong lens, 
the filamentary processes from the outer surface of the pulp could be 
seen stretching, as they were withdrawn from the dentinal tubes 
before they broke. They are so minute that, to the naked eye, the 
detached surface of the pulp seems to he entire, and Cuvier was 
thus deceived in concluding that there was no organic connection 
between the pulp and the ivory. 

Each molar of the Elephant is formed in the interior of a mem- 
branous sac — ^the capsule, the form of which partakes of that of the 
future tooth, being cubical in the first molar, oblong in the last, and 
rhomboidal in most of the intermediate teeth ; but always decreasing 
in vertical extent towards its posterior end, and closed at all points, 
save where it is penetrated by vessels and nerves. It is lodged in 
an osseous cavity of the same form as itself, and usually in part 
suspended freely in the maxillary bone ; the bony socket being des- 
tined to form part of the socket of the tooth, the exterior of the 
membranous capsule is simple and vascular ; its internal surface 
OTves attacfament to numerous folds or processes, as in most other 
Ungulate animals. The dentinal pulp rises from the bottom of the 
capsule, or that part which lines the deepest part of the alveolus, in 
the form of transverse parallel plates, extending towards that part of 
the capsule ready to escape from the socket, "^ese plates adhere 
only to the bottom of the capsule ; their opposite extremity is free 
from all adhesion. This summit is thinner than the base ; it might 
be termed the edge of the plate, hut it is notched or divided into 
many digital processes. The tissue of these digitated plates is iden- 
tical wim that of the dentinal pulp of simple mammalian teeth ; it 
becomes also highly vascular at the parts where the formation of the 
dentine is in active progress. Processes of the capsule descend from 
its summit into the interspaces of the dentinal pulp-plates, and conse- 
quently resemble them in Form ; but they adhere not only by their base 
to the surface of the capsule next the month, hut also by tbeir lateral 
margins to the sides of the capsule, and thus resemble partition- 
walls, confining each plate of the dentinal pulp to its proper chamber ; 
the margin of the partition opposite its attached base is free in the 
interspaces of the orifices of the dentinal pulp-plates. The enamel 
organ, which Cuvier appears to have recognised under the name of 
the internal layer of the capsule, is distinguished by its light blue 
subtransparent colour and usual microscopic texture. 

For the details of the action of those parts of the complex matrix 
in the formation of the several tissues of the ^nding tooth of the 
Elephant, reference may he made to the Ossemens Fossiles'^ of 
Cuvier and the writer’s Odontography, ° in which the theories of ex- 
cretion and conversion may he contrasted. 

Sectiok IV. — Application of Odontology to Classification. 

True teeth being restricted to the Vertebrate classes, their appli- 
cation to zoology is proportionally limited ; hut in them they form 
more or less important, if not essential, aids to the classification and 
grouping of species. 

^ In this relation, however, as zoological characters, teeth possess 
Afferent degrees^ of value in different classes, the lowest degree being 
in the class of Fishes, and the highest in that of Mammals. 

Numerous rows of teeth, gradually succeeding and displacing each 
other, characterise the higher organized, or PTagiostomous Fishes, 
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and particular modifications of form and size of their teeth dis- 
tinguish the primary subdivisions of the Plagiostomous order, A 
few other groups are well defined by dental characters, as the Pye- 
nodonts, Gymnodonts, Goniodonts, and Chsetodonts. The teeth afford 
good characters for the sub-division of the Sea Breams {iSparidos), 
and Cuvier ® has availed himself of dental characters to establish four 
tribes of that natural family. But in most of the natural orders, and 
in many of the subordinate groups, the dental system is subject to 
very great diversity in regard to the form, number, and position of 
the teeth ; and in some natural groups of Fishes, there is also a want 
of constancy in the structure of the teeth. There are extremely few 
genera of Fishes that can be characterised by a definite numerical 
dental formula, like that which is applicable to most of the Mamma- 
lian genera. Indeed, in the first introduction of true teeth into the 
animal series, regarded in the ascending order, they manifest, like 
the mouths of the Polypi, the stomachs oi the Polygastria, the gills 
of the Nereids, and the generative organs of the Toenice, the principle 
of vegetative or irrelative repetition ; and in many fishes are too 
numerous to be counted. The limits within which the teeth are 
applicable as means of classification in Fishes, have been attempted 
to be defined in the writer’s Odontography. Traced from species to 
species, they are of great importance in the determination of the 
fossils of this class. 

With regard to microscopic structure, certain of the modifications 
of dental tissues, defined in the introductory section of the present 
Essay, are peculiar to, and characteristic of, the piscine class. Bn- 
vascular, or fine-tubed dentine, forms the crown of the teeth in a few 
Fishes, hut is more common in those of the higher classes, in which, 
however, it is always associated with enamel or cement, or with 
both substances. 

With regard to the class PeptUia, the teeth serve to charac- 
terize smaUer and more definite groups, as, e. g., the venomous and 
non-venomous Ophidians, the acrodont, pleurodont, and thecodont 
Sanrians. Certain genera, and even species, may likewise be known 
by peculiar forms of teeth ; but these are exceptions, and it is rarely 
that a definite dental formula can he assigned as a generic character 
of a reptile. There is no decided modification of dental structure 
peculiar to any of the class of reptiles ; the poison-fang is rather a 
modification of form. The labyrinthic structure reaches its maximum 
of complexity in the great extinct Sauroid Batrachianis of the Keuper 
sand-stone, but “ it also exists at the base of the tooth in a few fishes,*’* 
and specific instances of it in that class {Lepidostevs and a few other 
Sanroids) have since received illustrations m the works of Ptofessor 
Agassiz ® and Dr Wyman.® 

only constant and general character of the teeth of the cold- 
blooded classes of Vertebrata is derivable from the brief period of 
their existence in the individual, so that the few which develop 
roots have these always » simple and undivided, usually hollow, and 
with the germ of a successor in or near them. 

With the exception of the composite dental masses of the Chimse- 
roids and the anomalous rostral teeth in PristiSj no existing species 
of fish or reptile could be said to have permanent teeth : no extinct 
species of either class has yet been found with teeth having divided 
roots implanted in sockets; and the sole evidence of perpetual 
gyowth 'by a persistent pulp, has but lately been given by the 
singular extinct Saurians of South Africa, with two long canine 
tusks in the upper jaw, which must have grown and been maintained 
throughout life, of due size and strength-, like the tusks of the Boar 
and Walrus.^ 

In the mammalian class the value of the dental organs, as charac- Dicy- 
ters of classification, is much greater than in reptiles or fishes. Yet nodon. 
there is a difference in this respect in the different orders, and the 
dental system of the monophyodont Cetacea and Bruia has a much 
greater range of variation, and a less constant relation to the other 
characters on which the families and genera are founded, than in the 
diphyodont species. But, with respect to these also, the value of the 
teeth as zoological characters has been over-rated.® 

It is true, indeed, that the most manifestly natural mammalian 
genera are those, the species of which are provided with absolutely 
similar molar teeth, and that those genera which include species 
with molars of different forms do not present the same character of 
unity. It does not follow, however, that by combining species of 
mammals with similar molars, a group will be formed perfectly 
analogous to those which may he considered as the most natural. 
Neither the molar teeth nor any other solitary character will serve to 
establish a natural classification. 

The molar teeth will least mislead in this respect where their 
modification is most extreme, as when they are adapted to divide the 
flesh of animals, in which case they must of necessity he associated 
with the faculties and instruments for seizing and destroying prey. 


^ Ed. 1835, 8vo, tom. i. pp. 514, 869. 2 4to, 1841-5, pp. 645-655. ® Eistoire des Poissons, tom. vi. p. 5. 

* Odontography, 1841, chap, ii., p. 201. ^ PQi$$ons Fossiles, Notice sur Us Sauroides, Janvier, 1843. 

® Trans. Boston Society of Natural History, August 1843. ^ Geological Transactions, 2d series, vol. vii. 

® M. F. Cuvier says:-— “Cette recherche me fit reconnaitre que tons les genres manifestement naturels, et admis comme tels par tous les 
Natur^istes, ^taient formas d’esp^ces pourvues de macheli^res absolument semblables; que ceux qui comprenaient des espfeces dontles macheli^res 
diff4raient, n’offraient point ce caract^re d’unit^ qui ^tait le partage des premiers ; et, enfin, qu’en r^unissant les es ' 


on refonnait des groupes parfaitement analogues k ceux que I’on pouvait cousidd^rer comme les plus parfaits.” 


esp^ces d mdcheliferes sembl^les 
Bents ae Mammif^res, 8vo., 1825, p. ix. 
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TeetL of But molar teetli may be similarly modified, and equally well adapted, 
Mammals, for crosbing vegetable substances, wbich substances may be sought 
' ^Qj, ]^y Qjjg species on the dry land, by a second in marshes, and by a 
third in the sea, or on the banks of rivers. The grinding surface of 
the molar tooth, for example, may for this purpose be elevated into a 
pair of transverse ridges, and we find sucn molars in the Kangaroo, 
the Tapir, and the Manatee, as also in the extinct Dvpratodon, No- 
tothenum, and DinotJierium. The small anterior molars of the 
Mastodon likewise present this form. It would be difficult 

to select, from the Mammalian class, the constituents of a more 
heterogeneous group than vgould be constituted by the character 
which M. F. Cuvier has assigned as the true guide to the for- 
mation of the most natural and uniform genera in Mammalogy. 

Even in regard to teeth adapted to carnivorous habits, were these 
characters to form the sole guides in classification, species of pla- 
cental Mammalia would be associated with those of the implacental 
subclass ; and M. F. Cuvier, in illustrating his generalization, ob- 
serves : — “ Les sarigues, les peram^les, et les dasyures se sont reunis 
aux Insectivores, &o. &c., et je crois avoir ete conduit a ces modifi- 
cations par des motifs legitimes.’’^ 

The molar teeth, which are best adapted for dealing with vege- 
table food, as in the Eodents and the hoofed Mammals, shew modifi- 
cations of the enamel-markings of the grinding surface which are 
characteristic of families, of genera, and, in many instances, ^of 
species ; and which are of the greatest utility to the Palaeontologist 
from their conspicuous and well-marked features, and their con- 
stancy. 

It is interesting also to observe, that in their more general appear- 
ance, the patterns of the upper molars are more symmetrical in the 
Uhmlataj with hoofs in even numbers (compare figs. 115, 118, 120, 
125j, than in those with hoofs in odd numbers (compare figs. 117, 
130, 132). 


Sect. IV.— HOMOLOGIES OF THE TEETH. 

Homolo- The idea of a recognition of answerable teeth in dif- 
gies of the ferent animals has prevailed, more or less vaguely, in 
Teeth. Anatomy, from an early period of the science. 

When ‘incisors,” “canines,” and “molars” were pre- 
dicated of the dentition in different species, homologous 
teeth were recognised so far as the characters of those 
classes of teeth were defined and understood. 

The Cuviers 2 went a step further, and distinguished 
the molar teeth into “ false ” and “ true,” into “ carnas- 
sial” and “tubercular.” De Blainville pointed out a 
particular tooth by the name of “principal,” which he 
believed himself able to trace from species to species.® 

The results of the writer's researches into the homo- 
logies of the teeth are given in his Odontography in the 
Transactions of the British Association for 1839, and in 
those of the Eoyal Society for 1850, p. 481. 

The first step in this inquiry is the elimination of those 
classes of Vertehrata and orders of Mammalia in which 
homology cannot be predicated of individual teeth. This 
limits the work to the group of Mammals which the 
writer has termed “ Diphyodonts.” 

Only in the Mammalian orders with two sets of teeth 
do those organs acquire fixed individual characters, sup- 
porting the application of special denominations ; and 
this individualization of the teeth is eminently significative 
of the high grade of organization of the animals manifest- 
ing it. ^ 

Originally, indeed, the name “incisors,” “laniaries” 
or “ canines,” “ molars,” “ false molars,” were given to 
the teeth in Man and certain Mammals, as in Keptiles, in 
reference merely to the shape and offices so indicated ; 
but names of teeth can now be used as arbitrary signs, 
in a more fixed and determinate sense. In some Carni- 
vora^ e.^., the front teeth have broad tuberculate summits, 
adapted for nipping and bruising, while the principal 
back-teeth are shaped for cutting, and work upon each 
other like the blades of scissors. The front teeth in the 


Elephant project from the upper jaw in the form, size, Homolo- 
and direction of long pointed horns. In short, shape and of the 
size are the least constant of dental characters ; and the 
homologous teeth are determined, like other parts, by 
their relative position, by their connections, and by their 
development. 

Those teeth which are implanted in the premaxillary 
bones, and in the corresponding part of the lower jaw, 
are called “incisors,” whatever be their shape or size. 

The tooth in the maxillary bone, which is situated at, or 
near to, the suture with the premaxillary, is the “ canine,” 
as is also that tooth in the lower jaw which, in opposing 
it, passes in front of its crown when the mouth is closed. 

The other teeth of the first set are the “ deciduous molars;” 
the teeth which displace and succeed them vertically are 
the “premolars;” the more posterior teeth, which are 
not displaced by vertical successors, are the “molars,” 
properly so called. 

The premolars must displace deciduous molars in order 
to rise into place ; the molars have no such relations. It 
will be observed in fig. 17 that the last deciduous molar 
{d 4) has the same relative superiority of size io d Z and 
d 2 which m 3 bears to m 2 and m 1 ; and the crowns of 
p 3 and p 4 are of a more simple form than those of the 
milk-teeth which they are destined to succeed. This, 
however, is not a constant or essential character. Teeth 
of each of the kinds arbitrarily termed “incisors,” 

“ canines,” “ false molars,” and “ molars,” have received 
other special names, having reference to certain peculi- 
arities of form or other property. The “ false molars ” in 
the human subject have been called “bicuspids.” The 
last upper premolar and the first true molar in the Car- 
nivora are termed “ sectorials,” or “ molaires carnassieres.” 

Teeth of an elongated conical form, projecting consider- 
ably beyond the rest, and of uninterrupted growth, are 
called “tusks;” such, for example, are the incisors of the 
Elephant, Narwhal, Dinotherium, and Dugong, the canines 
of the Boar, Walrus, and Hippopotamus. The long and 
large incisors of the Eodents have been termed, from the 
shape and structure of their cutting edge, scalpriform 
teeth, chisel teeth, “ dentes scalprani^ The lower incisors 
of the Flying Lemurs {J3-aleopithecus\ with the crown 
deeply notched like a comb, are termed “ dentes pectinatiJ^ 

The canines of the Baboons, which are deeply grooved in 
front like the poison-fangs of some snakes, are “ dentes 
canaliculati.” The compressed crowns of the teeth of 
short-clawed Seals {Stenorhynchus) and of the extinct 
Zmglodon^ being divided into points like a saw, are “ dmte;s 
serratif etc. But a true knowledge of nature, a right 
appreciation of what is essential in her phenomena, tends 
to explode needless terms of art invented for unimportant 
varieties, and to establish those terms that are the signs 
of true species of things. 

As most zoologists have adopted the Cuvierian system 
of nomenclature and homology of the teeth in Mammalia,, 
it may not be superfiuous to explain what is here deemed 
objectionable in that system. In it the molar series of 
teeth, or those that follow the canines, are divided, accor- 
ding to their form, into three kinds, “false molars,” 

“ carnassials,” and “ tubercular molars,” and the generic 
dental characters of the Mammalia are formalized accord- 
ing to this system. Thus, the genus Felis has — “ fausses- 
molaires” ||, “camassikes” “ tuberculeuses” = 

This seems a true and naturi way of expressing the 
homotypal teeth, or the answerable teeth in the upper 
and lower jaw. But to illustrate its error, the subjoined 
diagram (fig. 145) is appended, in which the dental 


'*Z/oc. cif.j p, xi. 


* G-. Cuvier, Leqom dAmtomie Comparie, tom. iv. (1836). F. Cuvier, Bents des Mammiflres, 8vo. p. 77. 
«, tom. i. p, 43. * Ossemem Fossiles, 8 vo. 1835, tom. vii. p. 14. Bents des Mammiflres, p. 77. 
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Homolo- system of the Cat-tribe {Felis Y.) is associated with 
^ Teett that of other Mammals, and in which the line marked 
r Cuvier'*^ intersects the teeth in each jaw, called “car- 
nassieres,” those anterior to them being the teeth called 


, . CiivicTi 


' I. Homo, 
c I 



C tcrder ' ’■ HIclui viLlo> 


Fig. 146. 

Homologies of TeetF. 

“ fansses molaires those behind — a single tooth in the 
upper jaw of FdiB — ^being the “ tuberculeuses.” In this 
genus the tooth (p 4) above chiefly plays upon the tooth- 
(m 1) below, which has a similar sectorial or carnassial 
modification of form; they fit, indeed, almost as Cuvier 
describes, like the blades of a pair of scissors. The two 


“ fausses molaires carnas- 
tuberculeuses 11 = it will be observed that 


teeth in advance of the carnassial in the upper jaw (jp 3, Homolo- 
•p 2) in like manner are opposed to the same number of of the 
“fausses molaires” in the under jaw, and the canine (c) > 
above plays upon the canine below ; all seems fitting and 
symmetrical, save that the little tubercular (wz 1) above 
has no opponent in the lower jaw. And, perhaps, the 
close observer might notice that, whilst the upper canine 
(c) glides behind its homotjrpe below, the first upper false 
molar (p 2) passes anterior to the crown of the first false 
molar (p 3) below ; and that the second false molar and 
carnassial of the upper jaw are also a little in advance of 
those teeth in the under jaw when the mouth is shut. 

In passing to the dentition of the Dog (fig. III. Cams), 

formulized by Cuvier as 

2.2 

— 14> 

here the first upper false molar (p 1) differs from the first 
{p 2) in FeUs, inasmuch as, when the mouth is shut, it 
preserves the same relative position to its opponent below 
Xpl, in fig. III.) which the upper canine does to the 
lower canine, and that the same may be said of the second 
and the third false molars ; but that, with regard to the 
carnassial above {p 4), this tooth repeats the same relative 
position in regard to the fourth false molar below {p 4), 
and not to that tooth {m 1) which Cuvier regarded as the 
lower homotype of the carnassial ; and, indeed, the more 
backward position of the lower carnassial is so slight that 
its significance might well be overlooked, more especially 
as the two succeeding tubercular teeth above were opposed 
to two similar tuberculars below. 

How unimportant size and shape are, and how signifi- 
cant relative position is, in the determination of the homo- 
logies of teeth as of other parts, may be learnt before 
quitting the natural order of Carnivora ; c. g, by the con- 
dition of the dental system in the Bear (fig. II. Ursus), 

Here the lower tooth (m 1), instead of presenting the car- 
nassial character, and resembling in form the upper tooth 
(p 4), which is the homologue of the upper carnassial in 
the dog, has a tubercular crown, and corresponds in size 
as well as shape with the upper tooth (m 1), to which it is 
almost whoUy opposed, and with the same slight advance 
of position which we observe in the lower canine as com- 
pared with the upper one, and in the four lower pre- 
molars {p 1, p 2, p Z, p 4) as compared with their veri- 
table homotypes above. F. Cuvier divides the molar 
series of the genus Ursm into “fausses molaires 
carnassieres tuberculeuses || = The tendency in 
every thinker to generalise and to recognise Nature’s har- 
monies, has led him here to use the term “ carnassi^re ” 
in an arbitrary sense, and to apply it to a tooth above 
(11. p 4), which he owns has such a shape and diminished 
size as would have led him to regard it as merely a false 
molar, but that the upper carnassial would then have 
entirely disappeared ; and it has also led him to give the 
name “ carnassiere” to a tooth below (m 1), which he, 
nevertheless, describes as having a tubercular and not a 
trenchant crown. In so natural a group as the true 
Carnivora, it was impossible to overlook the homologues 
of the trenchant camassials of the lion, even when they 
had become tubercular in the omnivorous bear ; and 
Cuvier, therefore, having determined and defined the teeth 
so called in the felinp genus, felt compelled to distinguish 
them by the same names after they had lost their formal 
specific character. And if, indeed, he had succeeded in 
discovering the teeth ’ which were truly answerable or 
homotypal in the upper and lower jaws, the term “ car- 
nassial” might have been retained as an arbitrary one for 
such teeth, and have been applied to their homologues in 


1 Ossemens Fossiles^ tom. cit. p. 59. Dents des Mmnmiflres^ p. 95. 


Op. cit. p. 109. 
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Homolo- Man, the Euminant, or the Pachyderm, where they are Urm) to he veritably the last of the premolar series, and Homolo- 
gies of the certainly determinable as in those aberrant Carnivores, to agree not in shape only, but in every essential character, of the 
in which they have equally lost their sectorial shape. with the three preceding teeth called by Cuvier “ fausses 
But the inconvenience of names indicative of such molaires.” So, likewise, in the lower jaw, it is seen that 
specialties of form will be very obvious when the term the primitive deciduous series (d 1, d 2, d 3, and d 4) 

“ tuberculeuses” comes to be applied to the three hind- will be displaced by the corresponding premolars (p 1, p 

most teeth in the Bymodon (fig. 113), which teeth answer 2^p 3, and p 4) ; and that the tooth m 1, called carnas- 

to the broad crushing teeth, m 1, w 2, and m 3, in the sike by Cuvier, in the lower jaw, differs essentially from 
bear and some other existing Carnivora, The analogous that (p 4) so called in the upper jaw, by being developed 
term “ molar” having a less direct or descriptive meaning, without any vertical predecessor or deciduous tooth, 
is therefore so much the better, as the requisite arbitrary The same law of development and succession prevails 
name of a determinate species of teeth. in the genus Cams, as may be readily seen in the jaws of 

Had Cuvier been guided in his determinations of the a dog of ten months’ age. Although the tooth (m 1, III. 
teeth by their mutual opposition in the closed mouth, and fig. 145) in the lower jaw has exchanged the tubercular 
had studied them with this view in the Carnivora, with for the carnassial form, it is still developed, as in the bear, 
the dentition most nearly approaching to the typical behind the deciduous series, and independently of any 
formula, viz. the bear, he could then have seen that the vertical predecessor y and the tooth {p 4) above, although 
three small and inconstant lower premolars (p l,p 2, pZ) acquiring a relative superiority of size to its homologue 
were the homotypes of the three small and similarly in the bear, and more decidedly a carnassial form, is not 
inconstant premolars above ; that the fourth false molar the homotype of the permanent carnassial below, but of 
{p 4 below), which, as he observes, “ alone has the normal that premolar {p 4) 'which displaces the deciduous carnas- 
form,”’ was truly the homotype of the tooth above {p 4), sial {d 4). The symbols in fig. 145 III. sufficiently indi- 
which he found himself compelled to reject from the class cate the relations of the other teeth, and the conclusions 
of “ fausses molaires,” notwithstanding it presented their that are to be drawn from them as to their homologies, 
normal form; that the tubercular tooth {m 1) which he In the genus (fig. 104), the small permanent tuber- 
calls carnassiere” in the lower jaw, was the veritable cular molar of the upper jaw (ml) has cut the gum before 
homotype of his first “molaire tuberculeuse ” above (ml), its analogue {d 4) of the deciduous series has been shed ; 
and that the tooth in the inferior series, which had no but though analogous in function, this tooth is not 

answerable one above, was his second ‘‘tuberculeuse” homologous with, or the precedent tooth to m 1, but' 

(m 3) in the present Essay. The true second tubercular precedes the great carnassially modified premolar (p 4). 
above (m 2) is, however, so much developed in the bear In the lower jaw the tooth (m 1) which is functionally 
as to oppose both m 2 and m 3 in the lower jaw, and it analogous to the carnassial above, is also, as in the dog, 
might seem to include the homotypes of both those teeth the first of the true molar series, and the homotype of the 
coalesced. One sees with an interest such as only these little tubercular tooth (m 1) above. And the homologies 
homological researches could excite, that they were dis* of the permanent teeth {p 4 and m 1 below, fig. 145, V.), 
tinctly developed in the ancient Amphicyon (fig. 114), with those so symbolised in the dog (fig. 145, IIL), teach 
which accordingly presents the typical formula. us that the teeth which are wanting in the feline, in order 

Thus the study of the relative position of the teeth of to equal the number of those in the canine dentition, are 
the bear might have led to the recognition of their real m 2 in the upper jaw, m 2 and m 3 in the lower jaw ; p 1 
nature and homologies, and have helped to raise the mask in the upper jaw, p 1 and p2 in the lower jaw; thus 
of the extreme formal modifications, by which they are illustrating the rule, that, when the molar series falls short 
adapted to the habits of the more blood-thirsty Carnivora, of the typical number, it is from the two extremes of such 
But the truth is plainly and satisfactorily revealed when series that the teeth are taken, and that so much of the 
we come to trace the course of development and succes- series as is retained is thus preserved unbroken. In the 
sion of these teeth. The weight which must ever attach gi'eat extinct sabre-toothed tiger (Machairodus, fig. 145, 
itself to an opinion sanctioned by the authority of both VI.®), the series is still further reduced by the loss oi p 2 
the Cuviers, demands that a conclusion contrary to theirs, in the upper jaw. 

and which seems to be opposed by Nature herself in That the student may test for himself the demonstra- 
certain instances, should be supported by all the evidence tion which the developmental characters above defined 
of which such conclusion is susceptible. yield of the true nature and homologies of the feline 

It is proposed, therefore, first, to show how, in the dentition, the most modified of all in the terrestrial 
bear, the writer^s determinations of the teeth are estab- Carnivora, he is recommended to compare with Nature 
lished by their development, as well as by their relative the following details of the appearance and formation of 
position. As the question only concerns the molar series, the teeth in the common cat. In this species the decidu- 
the remarks will be confined to those teeth. In the jaws ous incisors {d i) begin to appear between two and three 
of the young bear, figured in cut 110, the first premolar weeks old ; the canines {d c) next, and then the molars 
is the only one of the permanent series in place ; the other (d m) follow, the whole being in place before the sixth 
grinders in use are the deciduous molars, d2, dh, and week. After the seventh month they begin to fall in the 
dA:\d2 will be displaced by ^ 2, c? 3 by p 3, and d 4, same order ; but the lower sectorial molar (m 1) and its 
by the tooth p 4, which, notwithstanding its size and tubercular homotype above (?w 1) appear before d 2, d 3, 
shape, Cuvier felt himself compelled to discard from the and d 4 fall. The longitudinal grooves are very faintly 
series of false molars, but which we now see is proved by marked in the deciduous canines. The first deciduous 
its developmental, relations to d 4, as Well as by its relative molar (m 2) in the upper jaw is a very small and simple 
position and similarity top 4 in the lower jaw (fig. 145, one-fanged tooth; it is succeeded by the corresponding 

^ Dents des Mmmif^res, p. 111. ^ 

2 Jiac^air'odus, from a sabre ; and ctevg, a tooth. This generic name was imposed by Dr Kaup on the extinct animal which * 

was armed with canine teeth, like that in the above figpe (c). Such teeth, long, compressed, falciform, sharp-pointed, and with anterior and 
posterior finely-serrated e^es, were first discovered . in tertiary strata in Italy and G-ermany, and were referred by Cuvier to a species of 
near, under the name of Ursus cultridens. 
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Homolo- tooth of the permanent series, 'which ' answers to the 
second premolar ( 2 ? 2) of the hyaena and dog. The 
second deciduous molar (m 3) is the sectorial tooth ; its 
blade is trilobate, but both the anterior and posterior 
smaller lobes are notched, and the internal tubercle, 
which is relatively larger than in the permanent sectorial, 
is continued from the base of the middle lobe, as in the 
deciduous sectorial of the dog and hyaena ; it thus typifies 
the form of the upper sectorial, which is retained in the 
permanent dentition of several Viverrine and Musteline 
species. The third or internal fang of the deciduous 
sectorial is continued from the inner tubercle, and is 
opposite the interspace of the two outer fangs. The 
Musteline type is further adhered to by the young Feline 
in the large proportional size of its deciduous tubercular 
tooth (d 4). In the lower jaw, the first milk-molar (d 3) 
is succeeded by a tooth (p 3) which answers to the third 
lower premolar in the dog and civet. The deciduous 
sectorial (d 4}, which is succeeded by the premolar (p 4), 
answering to the fourth in the dog, has a smaller propor- 
tional anterior lobe, and a larger posterior talon, which is 
usually notched ; thereby approaching the form of the 
permanent lower sectorial tooth in the Mustelidm* 

When the premolars and the molars are below their 
typical number, the absent teeth are missing from the fore- 
part of the premolar series and from the back-part of the 
molar series. The most constant teeth are the fourth 
premolar and the first true molar; and these being 
known by their order and mode of development, the 
homologies of the remaining molars and premolars are 
determined by counting the molars from before backwards, 
e. ^r., ‘‘one,” ‘‘two,” “three;” and the premolars from 
behind forwards, “ four,” “ three,” “ two,” “ one.” 

Examples of the typical diphyodont dentition are ex- 
ceptions in the actual creation ; but it was the rule in the 
earlier forms of placental Mammalia, whether the teeth 
were modified for animal or vegetable food. 

Not only the Hyosnodon (fig. 113) and AmpMcyon (fig. 
114), but the Dicliodon (fig. 118), Anoplotherium, PalcBO- 
thermm, Chceropotainus,^ Anthracotherium^^ JSyopotanms,^ 
Hyracotlierium,^ and other ancient (eocene and miocene) 
tertiary Mammalian genera presented the forty-four teeth, 
in number and kind according to that which is here pro- 
pounded as the typical or normal dentition of the placental 
Mammalia.5 When the clue is, afforded, by the observed 
development and succession of the teeth, to their homolo- 
gies, it infallibly conducts us to the true knowledge of the 
nature both of the teeth which are retained, and of those 
which are wanting to complete the typical number. We 
have availed ourselves of this in deciphering the much 
modified dentition of the genus Felis; and the same clue 
will guide us to the knowledge of the precise homologies 
of the teeth in our own species. 

The discovery by the great poet Goethe of the limits of 
the premaxillary bone in Man leads to the determination 
of the- incisors, which are reduced to two on each side of 
both jaws ; the contiguous tooth shows by its shape as 
well as position that it is the canine, and the characters 
of size and shape have also served to divide the remaining 
five teeth in each lateral series into two bicuspids and 
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three molars. In this instance the secondary characters Homolo- 
conform with the essential ones. But since we have seen of fiio 
of how little value shape or size are, in the ^rder Garni’' 
vara, in the determination of the exact homologies of the 
teeth, it is satisfactory to know that the more constant 
and important character of development gives the requi- 
site certitude as to the nature of the so-called bicuspids 
in the human subject. In fig. 100, the condition of the 
teeth is shown in the jaws of a child of about six years of 
age. The two incisors on each side {d i) are followed by 
a canine (c), and this by three teeth having crowns re- 
sembling those of the three molar teeth of the adult. In 
fact, the last of the three is the fii’st of the permanent 
molars; it has pushed through the gum, like the two 
molars which are in advance of it, Avithout displacing any 
previous tooth, and the substance of the jaw contains no 
germ of any tooth destined to displace it ; it is therefore, 
by this character of its development, a true molar, and 
the germs of the permanent teeth, which are exposed in 
the substance of the jaw between the diverging fangs of 
the molars (c? 3 and 4), prove them to be temporary, 
destined to be replaced, and prove also that the teeth 
about to displace them are premolars. According, there- 
fore, to the rule previously laid down, we count the per- 
manent molar in place the first of its series (pi 1), and the 
adjoining premolar as the last of its series, and conse- 
quently the fourth of the typical dentition (p 4). 

We are thus enabled, with the same scientific certainty 
as that whereby we recognise in the middle toe of our 
foot the homologue of that great digit which forms the 
whole foot, and is encased by the hoof, in the horse, to 
point to p 4, or the second bicuspid in the upper jaw, 
and to m 1, or the first molar in the lower jaw, of man 
(fig. 145, I.), as the homologues of the great carnassial 
teeth of the lion (p 4, vz 1, fig. 145, V.) We also con- 
clude that the teeth which are wanting in man to com- 
plete the typical molar series, are the first and second 
premolars, the homologues of those marked p 1 and p2m 
the bear (fig, 145, II.) The characteristic shortening of 
the maxillary bones required this diminution of the num- 
ber of their teeth, as well as of their size, and of the 
canines more especially ; and the still greater curtailment 
of the premaxillary bone is attended with a diminished 
number and an altered position of the incisors. One sees, 
indeed, in the carnivorous series, that a corresponding 
decrease in the number of the premolars is concomitant 
with the shortening of the jaws. Already in the Muste-- 
lidcB (fig. 145, IV.), the first premolar below is abrogated ; 
in Felis also above, with the further loss of the second 
premolar in the lower jaw ; the true molars being corre- 
spondingly reduced in these strictly flesh-eating animals, 
but taken away from the back part of their series. 

The homologous teeth being thus determinable, they 
may be severally signified by a symbol as well as by a 
name. The incisors, e. are represented in the present 
Essay (See figs. 20 and 118) by their initial letter i, and 
individually by an added number, z 1, z 2; and i 3 ; the 
canines by the letter c ; the premolars by the letter p ; 
and the molars by the letter m ; these also being differen- 
tiated by added numerals. Thus, the number of these 


’ History of British Fossil Mammaliap. 416, fig. 164. ® Jobert, Annales des Sciences, t. xyii. p. 139. _ 

® Quarterly Journal of the Geological Society, May 1848, p. 103, pi. viii. * Geological Transactions, 2cl series, "vol. vi. p. 203. 

® Thirty-eight instances are cited in the writer’s memoir on “ Pliolophus,” Quarterly Journal of the Geological Society, May 1857. The 
seeming exception afforded by the oolitic JPlagiaulax, on which much stress is laid by Lyell (Supplement to Manual of Geology, p. 21), 
bears upon the generalisation with about the same value as the abnormal dentition of Brotehs does upon the generalised dental tormula of 
the genus Canis. It is objected that “ we ought, in every great amily of the Mammalia, to find evidence of closer adherence to the 
archetype the farther we recede in time ” (ih., p. 22). And the Blagiaulax is cited as evidence to the contrary. But the force of the ar^- 
ment really lies in the suppression of the fact, that all the other known instances of the same great Marsupial family, from oolitic strata, do ^ve 
evidence of such closer adherence to archetype. The type of the Diphyodont dentition is a modification of the wider Vertebrate type of 
dentition ; and the great majority of known oolitic Mammals exhibit that greater degree of vegetative repetition of teeth (as in fig, 74), 
which the theory, rightly understood, would have anticipated, 
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and tlie homologies of the individual teeth, in relation to 
the typical formula, may be signified by z 1, z 2 ; c; pZ, 
p 4; the suppressed teeth being i S,p 1, 

and p2. . , ^ ^ 

If we were desirous of further testing the soundness or 
the foregoing conclusions as to the nature of the teeth 
absent in the reduced dental formula of man, we ought to 
trace the mode in which the type is progressively resumed 
in descending from man through the order most nearly 
allied to our own. 

Through a considerable part of the Quadrumanous 
series, e. in all the Old World genera above the Lemurs, 
the same number and kinds of teeth are present as in 
man, the first deviation being the disproportionate size of 
the. canines and the concomitant break or “ diastema” in 
the dental series for the reception of their crowns when 
the mouth is shut. This is manifested in both the Chim- 
panzees and Orangs, together with the sexual difference 
in the proportions of the canine teeth. Then comes the 
added premolar in the New World Monkeys, and the 
further additions in lower quadrupeds, until in the Hog 
genus we see the old primitive type of Diphyodont denti- 
tion resumed or retained. 

The typical dentition is departed from in the existing 
Hippopotamus by the early loss of p 1, and the reduction 
of the incisors to in both jaws ; in the extinct Hippo- 
potamus of India, p 1 was longer retained, and the incisors 
were in normal number #:f ; whence the term Hexaprotodon 
proposed for this interesting restoration by its discoverers, 
Cautley and Falconer. 

The existing even-toedor artioclactyle Ungulata superadd 
the characters of simplified form and diminished size to 
the more important and constant one of vertical succession 
in their premolars.i These teeth in the Euminants, e. g, 
(fig. 145, VIL, Moschusj p 2, 3, 4,), represent only the 
moiety of the true molars, or one of the two semi-cylin- 
drical lobes of which those teeth consist, with, at 
most, a rudiment of the second lobe, as Cuvier very 
accurately describes, and F.’ Cuvier figures in pi. 94 of 
his useful work. Dents des Mavmiferes. An analogous 
morphological character of the premolars will be found to 
distinguish them in the dentition of the genus Bus (fig. 
20), in the Hippopotamus, and in the Fhacochcerus (fig. 
124), where the premolar series is greatly reduced in 
number : yet this instance of a natural affinity manifested 
in so many other parts of the organization of the artiodac- 
tyle genera has been overlooked in F. Cuvier’s work above 
cited, although it is expressly designed to show how such 
zoological relations are illustrated by the teeth. Confiding 
in the accuracy of the Baron Cuvier’s division of the 
hoofed quadrupeds into “ Pachyderms ” and “ Ruminants,” 
M. F. Cuvier separates the non-ruminant artiodactyles 
from the ruminant genera of the same natural division, by 
interposing the Tapir, Hyrax, Rhinoceros, and Elephant ; 
whilst the Horse, which, in the size and complexity of its 
premolars, as well as in many other characters, agrees 
closely with the other perissodactyle Ungulates, is placed 
in close juxtaposition with the Ruminants. 

Most of the deciduous teeth of the Ruminants resemble 
in form the true molars ; the last, e. g. (fig. 121, d 4), has 
three lobes in the lower jaw, like the last true molar (in 3). 
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Sufficient, it is hoped, has been adduced to prove that Homolo. 
the molar series of the Diphyodonts is naturally divisible of the 
into only two groups, premolars and molars ; that the 
typical number of these is 4:4, ; and that each iiidivi- 

dual tooth may be determined and symbolised throughout 
the series, as is shown in the instances under cut 145. 

If anything were wanting to prove the artificial character 
of a threefold division of these teeth, and the futility of 
any other classification than that founded upon develop- 
ment, it would be afforded by the attempt to determine 
the homologous teeth, which is exemplified by the dotted 
line which traverses the series, and which crosses the 
teeth distinguished by the name “ principales in the 
great “ Osteographie and Odontographie ” of De Blainville. 

This author abandons the classification of the molar 
series adopted by the Cuviers, without assigning his ob- 
jections to it, and proposes another, in which he divides 
the series into “ avant-molaires, principales, and arriere- 
molames he exemplifies this division by the human den- 
tition, in which the five grinders on each side of both jaws 
are formulised as “two avant-molaires, one principale, 
and two arriere-molaires.”^ 

With regard to the characters of these kinds of teetli, 
the avant-molaires are “ simple or complex,” the princi- 
pale is “ trenchant,” and the arri^re-molaires are “ tuber- 
culous.” But as shape is not a constant character, 
especially in the “ principale,” the author proposes another 
from its position, describing it as “ being implanted below 
the root of the zygomatic process of the maxillary bone ” 
in the upper jaw ; and stating that the tooth wdiich 
opposes it below, and is in advance of it, is the lower 
“ principale.” 

In defining the dentition of the genus Felisj M. de Blain- 
ville accordingly assigns one “avant-molaire,” one “princi- 
pale,” and two “ arrim-e-molaires ” in the upper jaw; and 
one “ avant-inolaire,” one “principale,” and one “arriere- 
molaire” in the lower jaw.® In another part of the same 
work, he, however, proposes another formula, viz., two 
“avant-molaires,” one “principale,” and one “arrik-e- 
molaire” above; one “ avant-molaire,” one “principale,” 
and one “ arriere-molaii'e ” below; but, taking cither of 
these determinations, or the dental formulae which he assigns 
to other carnivorous genera, and comparing them witli his 
formula of the molar sei'ies in the Quadrumana and Man, 
we find that a tooth which displaces and succeeds a milk- 
tooth in one species is made the homologue of a tooth, 
which, in Man and Quadrumana, rises above the gum 
without displacing any predecessor ; in other words, the 
“ principale ” is a premolar in certain genera, and a true 
molar in other genera. Reference may be made to the 
concluding pages of the chapter on the teeth of the Car- 
nivora in the widter’s Odontography^ p. 514, for 
further proofs that a “molaire principale” does not 
exist in nature ; that the character's by which it is defined 
by M. de Blainville are artificial ; and that they fail in 
their application to determine the teeth in the series of 
placental Mammalia with deciduous and permanent teeth. 

In the series of figures under cut 145, the line, “ Cuvier,^* 
traverses the tooth or its homologue, from Man to the 
Ruminant, which Cuvier distinguished as the “molaire 
carnassi^re ; ” the other line traverses that tooth which 
M. de Blainville distinguishes as the “ molaire princi- 
pale;” the letters and numbers symbolise the teeth, and 
indicate their individual homologies, and the binary 
division of the molar series, which it has been one object 
of the present Essay to illustrate. To show how these 
symbols may he applied to the exposition of facts in the 


TlieoUw Classifioafaon of the Hoofed Qnadrnpeds” in Quarterly Jowncd ofihe Geological Society, May 1848. 

genera, e. g., Lophodon saiPholophus, manifest a minor departure from type in a less changed foim of one or two of the 
mnaer premouua. a OsUoaravhte. tom. i . ti. 4a. s OsUograpMe, p. 43. 
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Hortiolo- comparative anatomy of the teeth, the difficult homology 
^ m of the proboscidian dentition, and the complex and 
intricate subject of the succession of the teeth in the 
kangaroo, will be finally selected. 

With regard to the homologies of the complex molars 
of the proboscidian quadrupeds, a species of insight which 
may come to be deemed, in the course of anatomical 
science, as of equal import to the knowledge of the for- 
mative process of parts, it may be admitted that the mere 
fact of the marked and disproportionate increase of size 
of the first of the three last molars (fig. 139, m 1) over 
its predecessor (d 4), the last of the first three that are 
developed, seems to be but a feeble support to the ana- 
logical evidence on which chiefly the three last molars of 
the elephant are here classed in a category distinct from 
that of their smaller predecessors. Eut the value of such 
indication and analogy will begin to be apparent when 
we examine the condition of dental development in the 
primeval forms of Proboscidians. It has already been 
shewn that the typical character of the Diphyodont den- 
tition was more closely and generally adhered to in the 
genera that existed in the old tertiary periods in geology 
than in their actual successors; it became, of course, 
highly interesting to inquire whether the Miocene Masto- 
dons, the earliest of the great proboscidian quadrupeds of 
which we have any cognizance, manifested any analogous 
closer adhesion to type than their elephantine successors, 
and whether they would afford any actual proof of the 
true deciduous nature of the first, second, or third molars, 
by the development of a vertical successor or premolar. 
Cuvier first ascertained the fact, though without appre- 
ciating its full significance, in a specimen of the upper 
jaw of the Mast(^on angusiidens from Dax, in which the 
second six-lobed deciduous molar was displaced by a 
four-lobed or quadricuspid premolar developed above it, 
and succeeding it vertically. The same important fact 
was subsequently confirmed by Dr Kaup, in observations 
of the Mastodon angustidens (his Mast longh'ostris) of the 
Miocene of Eppelsheim. 

This satisfactorily proves the true deciduous character of 
the first and second molars (fig. 189, cZ 2 and 3) ; and, that 
the third molar in the order of appearance (df 4) is also one 
(the last) of the deciduous series, is indicated, both by the 
contrasted superiority of size of the tooth {m 1), and the 
more direct evidence which a comparison with the dentition 
of the wart-hog (fig. 124) affords, that m 1, fig. 139, is the 
first of the true molars. The great extent and activity of the 
processes of dental development required for the prepara- 
tion of the large and complex true molar teeth, would seem 
to exhaust the power in Proboscidians, which, in ordinary 
Pachyderms, is expended in developing the vertical suc- 
cessors of the deciduous teeth. In the miocene Mastodon 
above cited, this normal exercise of the reproductive force 
was not, however, wholly exhausted ; and one premolar 
(fig. 139, p 3), of more simple form than its deciduous 
predecessor, was developed on each side of both jaws ; but 
even this trace of adherence to the archetypal dentition is 
lost in the more modified Proboscidians of the present day. 
Another and interesting mark of adhesion to the archetype 
was shown by the development of two incisors in the 
lower jaw in the young of some of the Mastodons, by the 
retention and development of one of these inferior tusks 
in the male of the Mastodon giganteus of North America, 
and by the retention of both ifii the European Mastodon 
angustidens (fig, 140). No trace of these infeidor homo- 
types of the premaxillary tusks have been detected in the 
foetus or young of the existing elephants. In the gigantic 
Dinotherium^ the upper incisors were suppressed, and the 
lower incisors were developed into huge tusks, which 
curved down from the symphysis of the massive lower jaw. 


Tlic chief modifications of the marsupial dentition have 
already been described and illustrated. The observed 
phenomena of the development and change of the teeth 
led to the generalisation that the marsupial differed from 
the placental Diphyodont mammals in having four true 
molars, L c., m. ~ instead of w. ; and also that they 
differed in having only three premolars, i, e.p. instead 
of^. ; the typical number of the grinding series, 
being the same. Since, however, there is reason to con- 
clude that wi 1 in the placental series, as, e* figs. 17 and 
124, is a continuation of the deciduous series of molars, which 
might be symbolised as d 5, and only becomes a permanent 
molar because there is no premolar developed above it, so 
we may regard the tooth marked m 1 in figs. 75, 76 and 
78 as being an antecedent tooth of the deciduous series, 
rendered permanent by a like I'eason, the suppression, viz. 
o^p 4. In other words, that wz 1 in fig. 75 is the homo- 
logue of 4 in fig. 17, and that the true homologue of p. 
4 is not developed in the Marsupialia. 

The homologues of the teeth of the Kangaroo are illus- 
trated in fig. 146, according to this idea of them. 

The permanent dental formula of both the Macropodidce 
smdHgpsipi-gmnidce, according to the usual view, as given at 
p. 449, is — 


•33. - 1.1 . „ 1.1 . _ 4.4 DA 

*n-''6ro--Pri’“r4=®°- 


Homolo- 
gies of the 
Teeth. 


According to the real state of things it is — 

.S3 1.1 1.1 ,11 3 3 

1.1 5 ^ 0.0 ’ ^ 1.1 ’ “ 1.1 ’ 8.3 — 


The canines, which are confined to the upper juAV, are 
small or minute when retained ; and disappear after being 
represented en germe ” in most of the true Kangaroos. 

The deciduous dentition of the great Kangaroo (Macro^ 
pus major) is — 


.3.3 1.1 2 2 .Q 


The canines are rudimental, and are absorbed rather than 
shed. The deciduous incisors are shed before the young 
animal finally quits the pouch ; when this takes place, the 
dentition is — 


the upper incisors being i 1, the molars d 2 and d 8 of 
the typical dentition. This stage is exemplified in the 
lower jaw at A (fig. 146). The next stage shows the 
acquisition of i 2 in the upper jaw, and 4 in both jaws, 
and the formula is — 

* if ’ ^ ^ 1^^)- 


At one year old, the dentition is — 

.3.3 33 i.i 

"IT’ 


the additional teeth being i 8 and 1 (C, fig. 146), in 
which the demonstration of the true deciduous character 
of 2 and c? 3 is shown by the germ of their vertical 
successor;? 3, which is exposed in the substance of the 
jaw. The next stage is the shedding of d 2, and the 
acquisition of m 2 (D, fig. 146). Then d8is shed by the 
ascent of;? 3 into its place (E, fig. 146). Afterwards m 3 
is acquired ; and in the Macropus gigas, p 3, simultaneously 
pushed out (F, fig. 146). 

Thus, four individuals of this species may be found to 
have the same number of molars, z. e. ^ ; two of these 
individuals may seem, on a cursory comparison, to have 
them of the same shape, e. as in C and E, fig. 146, or 
as in D and F. In fiict, to determine the identity or dif- 
ference ijx such instances, it requires that the substance of 
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Homolo- the jaws be examined, to see if the germs of successmal universal language, at the sme time express the Homol^ 
I? ii*. V . . « i-i rm ‘-i Til Tho AYnnf5itnr’s TYieamne^ in the fewest and clearest terms* gie^ot the 


teeth be present, as at^ Sj 0 and D, or at m o, h. ine 
result of such examination may he to show that not one 
of the four Kangaroos with the m ^ 
had the same or homologous teeth. 

The four gidnders, e. g* may be— 

2, 3, 4, m 1 ; as in C ; or 

‘ J3, d4:, m 1, m2; as in D; or 
p 3, di, m 1, m 2 ; as in E ; or 
d 4, ni 1, m 2, and m3; as in F. 

The changes, however, do not 
end here. As age advances, d 4 
is shed, and the molar series is re- 
duced numerically to the condition, 
of B ; but, instead of cZ 4, 3, and 

d 2, it consists of m 1, m 2, m 3. 

Finally, m 1 is shed, and the 
dentition is reduced to the same 
numerical state as at A ; the teeth, 
however, being m 2 and m 3. The 
order here described is not pre- 
cisely that which is followed in 
some of the smaller species of 
Kangaroo. In Macropus Benettii^ 
e. g. the acquisition of m 3 is not 
accompanied by the displacement 
of p 3 ; and a molar series of 
is long retained. 

These symbols, it is hoped, are 
so plain and simple as to have 
formed no obstacle to the full and 
easy comprehension of the facts 
explained by means of them. If 
these facts, in the manifold diver- 
sities of Mammalian dentition, 
were to he described in the ordi- 
nary way, by means of verbal 
phrases or definitions of the teeth, 
e. g,, the second deciduous molar 
representing the fourth in the typi- 
cal dentition, instead of d 4, and 
so on, the description of dental 
development would continue to oc- 
cupy much unnecessary space, and 
would levy such a tax upon the at- 
tention and memory as must tendto 
enfeeble the judgment and impair 
the power of seizing and appreciat- 
ing the results of the comparison. 

Each year’s experience has 
strengthened the writer’s convic- 
tion that the rapid and successful 
progress of the knowledge of animal 
structures, and of the generaliza- 
tions deducible therefrom, will be 
mainly influenced by the determi- 
nation of the homology of parts 
and organs, and by the concomi- 
tant power of condensing the pro- 
positions relating to them, and of 
attaching to them signs or symbols 
equivalent to their single sub- 
stantive names. In the writer’s 
work on the Archetype of the Skeleton^ he has denoted 
naost of the bones by simple numerals. The symbols 
of the teeth are fewer in number, are easily under- 
stood and remembered, and, if generally adopted, might 
take the place of names. They would then render un- 
necessary the endless repetition of the verbal definitions 
of the parts, harmonize conflicting synonyms, serve as p, 


expositor’s meaning 
The entomologist has long found the advantage of such , 


Teeth. 



J!ig. 146. 

Development and Succession of the Molar Series, Kangaroo. 

signs as g and in reference to the sexes of insects, and 
the like ; and it is hoped that the time is now come 
when the anatomist may avail himself of this powerful 
instrument of thought, instruction, and discovery, from 
which the chemist, the astronomer, and the geometrician 
have obtained such important results, 

(k. o.; 
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Odrysse ODRYSiE, an important tribe of Thrace, occupied a 
II territory whose limits were different at different times, but 
CEcolampa- central part was on the banks of the Artiscus and in 

^ j the neighbourhood of the Hebrus. They seem to have 
t>een a colony of that horde of barbarians that came pour- 
ing into Thrace from the north after the Trojan war. They 
were an important people from the first period of their 
settlement. Their name frequently occurs in legendary 
history. Thamyris, the ancient bard, is said to have been 
one of their tribe, and Orpheus is represented to have been 
their king. At the date of their introduction into authentic 
history, during the invasion of Scythia by Darius Hystaspis, 
their native mountains protected their independence against 
the Persians ; and the fine breed of horses which they pas- 
tured on the plains of the Hebrus supplied their armies 
with a large and efficient squadron of cavalry. In the latter 
half of the fifth century b.o. they had extended their ter- 
ritory northward to the Danube, westward to Abdera, and 
eastward to the Euxine Sea ; and their annual revenue had 
risen to be equal to the sum of 800 talents. The prosperity 
of the Odrysse, however, had now reached its zenith, and 
began to decline. A disputed succession divided them 
into factions, and made them an easy prey for their ambi- 
tious neighbours* In 357 B.C., after a course of various 
fortune, the Athenians wrested from them the Thracian 
Chersonese ; and in 343 B.C., after a war of nine or ten 
years, Philip 11. of Macedon reduced them to the state of 
tributaries, and began to plant Philippopolis and other 
colonies in the very heart of the country. Yet the spirit 
of independence among the Odrysse soon began to revive, 
and even before the cieath of Alexander the Great they 
had raised the standard of rebellion. On the accession ol' 
Lysimachus to the sovereignty of Thrace they commenced 
a struggle for liberty, which continued with various inter- 
vals till the fall of the Macedonian kingdom. The Odrysse 
then became the auxiliaries of the Romans, and were em- 
ployed in subjecting the other Thracian tribes to the do- 
minion of Rome. Yet they retained a form of independ- 
ence, and were treated like allies rather than tributaries. 
Augustus allowed them still to be governed by native 
sovereigns, even though their king Sadales, in 42 b.c., had 
bequeathed his kingdom to the Romans ; Crassus bestowed 
upon them parts of the territory of the Bessi ; and in course 
of time Rome had placed the whole of Thrace under their 
control. Yet in the time of Tiberius they began a series 
of rebellions, which resulted in the abolition of their inde- 
pendence, and the reduction of their territory into the 
form of a Roman province, during the reign of Vespasian. 

OECOLAMPADIUS, the Graecized name of Johann 
Hausschein^ one of the most eminent of the Reformers. 
He was descended by his mother’s side from a Swiss family, 
and was born at Weinsberg in Franconia in 1482. His 
father, a wealthy merchant, at first intended him for trade, 
and afterwards sent him to Bologna to learn jurisprudence. 
But the timid youth, averse to the turmoil of business and 
fond of letters, soon entered upon the peaceful and studious 
life of an ecclesiastic. He studied divinity at Heidelberg, 
and Greek and Hebrew at Stuttgardt; in 1516 he was 
preaching at Basle, and assisting his friend Erasmus in 
publishing Annotations on the New Testament; and in 
1520 he retired into the monastery of Altenmiinster, near 
Augsburg. Yet underneath this love of literary ease 
there was a strong sincerity of heart, which would not 
suffer him to remain undecided in the midst of the contro- 
versies of those reforming days. Before two years had 
passed, his attacks upon the creed of the Romish Church 
had brought him into danger ; he escaped immediately from 
the convent, and took refuge in the castle of Ebernburg ; 
and in 1524 he undertook the duties of a preacher and a 
theological professor at Basle, with the avowed intention of 
teaching nothing but what was consistent with the Scrip- 


tures. From this period QEcolampadius was a learned, (Ecumen 
tolerant, yet decided advocate of the opinions of the Re- ^al 
formed in Switzerland. In a sliort time his elegant and 
powerful eloquence had overcome all opposition in Basle ; oEdlUs 
and a thorough reformation of the church in that town was y ^ 
going rapidly on under his superintendence. He then 
went to the assistance of Zwingle in the controversy with 
Luther regarding the real presence in the Eucharist. A 
treatise, entitled De vero intellectu verborum Domini 

Hoc est Corpus Meum^^ was published by him in 1525 ; 
this was followed, as the controversy proceeded, by several 
letters and pamphlets ; and in the celebrated discussion in 
1529 at Marburg between the champions of the two parties, 
he entered the lists against the great German Reformer. 

He was still busily engaged both with tongue and pen in 
refuting the Lutherans, when death closed his career, in 
December 1531. 

The principal works of (Ecolarapadius are — In Lihrum 
Job Exegemata — In Danielem Propheiam Lihri Duo^ fol. 

1553 ; and Commentarii Omnes in Libros Proplietarum^ 
in 2 vols. fol., 1558. His Life, written in Latin by Capito, 
and published in 4to, 1536, was translated into English, 
and printed along 'ivith those of Zwingle and Luther, by 
Henry Bennet Callesian, 8vo, London, 1561. There is 
also a Life, in German, by Herzog, in 2 vols., 1843. 
OECUMENICAL COUNCILS. See Council. 

OEDENB URG (Hung. Sopvon or Sop?wni/ ; anc. Sem- 
pronium or Sopronium), a town of Hungary, capital of a 
county of the same name, stands on the Ilkva, not far from 
the Neusiedlersee, 36 miles S.S.E. of Vienna. It is well 
built, and has the appearance of a quiet Austrian country 
town, with little of the Hungarian character about it. The 
watch-tower, which is all that remains of the old fortifica- 
tions, is said to be the loftiest in Hungary. Some of the Ro- 
man Catholic churches are fineGotliic edifices; and thereare 
also a Protestant church, a Dominican convent, a Ursuline 
nunnery, Roman Catholic and Protestant schools, orphan 
hospital, and theatre. Manufactures of woollen, linen, and 
cotton fabrics, potash, hardware, &c., are carried on ; and 
the town has also sugar refineries and potteries. Some 
trade is carried on in these articles, as well as in the pro- 
duce of the country ; and large markets for cattle are held 
here, at which about 40,000 oxen and 160,000 pigs are 
sold annually. Many Roman antiquities have been found 
in the town. The inhabitants are mostly Germans, and 
about half of them are Protestants. Pop. (1851) 16,274. 

The county of Oedenburg, which is bounded N.E. by 
Wiesselburg, E. by Raab, S. by Eisenburg, W. and N. by 
the archduchy of Austria, has an area of 1272 square miles. 

It is occupied on the W. by low branches of the Styrian 
Alps, while towards the E. it is quite flat. Nearly the 
whole of Neusiedlersee is in this county, and it receives the 
most of the rivers. The soil is generally fertile, though 
swampy in some parts, and yields large crops of corn, flax, 
wine, and fruits. Live stock are reared to a considerable 
extent, and abundance of fish is obtained from the lake. 

Pop. 207,800. 

OEDIPUS, an ancient Grecian king, whose tragical 
sorrows were afavourite subject of the classical poets, was the 
son of Laius and Jocasta, the King and Queen of Thebes. 

The following is the ordinary account of the cruel destiny 
of his life. King Laius had been warned beforehand by 
an oracle that he should be slain by his son. Accordingly, 
no sooner was the infant born, than with liis feet bored and 
bound together, he was carried away and exposed on Mount 
Cithseron. A shepherd chancing to pass that way, took him 
up and conveyed him to Polybus, the tyrant of Corinth. 

This king, being childless, adopted the infant, and seeing his 
little feet swollen, called him (Edipus, Years passed by; 
and the foundling was growing up at the Corinthian court 
a young man, and the reputed son of Poly bus, wdien one 
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OeWen- day he heard his supposed parentage tauntingly questioned, 
schlager. Xhis threw him into the torture of uncertainty, and hurried 
him away to consult the oracle of Delphi. ^ The oracle would 
give no other response than the prediction that he should 
slay his father and marry his mother. Shuddering under 
the prophecy, CEdipus resolved to return no more to Co- 
rinth, and, led blindly on by Destiny, he bent his steps to- 
wards Thebes. On a narrow part of the road between 
Delphi and Daiilis, a menial driving an elderly personage 
in a chariot called to him saucily to get out of the way. 
The insult was resented; a scuffle ensued; and the young 
traveller slew his two opponents. The elderly personage was 
Laius ; and thus part of the horrible prediction had been 
fulfilled. Unconscious of what he had done, GEdipus held on 
his way ; and arriving at Thebes, found the neighbourhood 
in a terrible dilemma. The Sphinx, settled upon a rock, 
was exacting, on pain of death, from all who passed by an 
answer to a riddle ; every one in turn was failing in the 
attempt to give a solution ; and the population was fast wast- 
ing away before the dutches of the monster. At this 
juncture GEdipus solved the fatal enigma, and the Sphinx 
fell lifeless from her lofty seat. The hand of Queen Jocasta 
was bestowed as a reward upon the deliverer of the people; 
and thus the fulfilment of the predicted destiny was com- 
pleted. Several years, however, passed before it was known. 
At length a plague fell upon the Thebans ; the oracle de- 
clared that the calamity could only be stopped by the dis- 
covery of the murderer of Laius ; the seer Tiresias made 
this discovery ; and the revolting secret burst disastrously 
upon the royal family. Jocasta hung herself ; CEdipus tore 
out his eyes. In course of time he wandered forth, led by 
his daughter Antigone, and after much travel, found him- 
self near Colonus in Attica. Entering the unapproachable 
grove of the Furies, he remained there under the protec- 
tion of these dread goddesses till his death. Tlie history of 
CEdipus furnished the subject of several ancient tragic 
poems. The CEdipus Tyrannus and the CEdipus Colonus 
by Sophocles, and the CEdipus by Seneca, are still extant. 

OEHLENSCHLAGER, Apam Gottlob, the greatest 
poet and dramatist of Denmark, was born at Westerbrd, a 
suburb of Copenhagen, on the 14th of November 1779. 
He was named after his father’s patron, Count Adam Gott- 
lob Moltke, who had secured for the elder Oehlenschlager 
the place of organist, and afterwards that of steward of the 
royal chateau of Fredericksborg. This palace, distant about 
two miles from Copenhagen, and built, it is said, after the de- 
sign of Inigo Jones, was a favourite resort of the court 
in summer, but in winter was left to the solitary occupa- 
tion of the poet’s parents, two watchmen, and a couple of 
dogs. Here the boy grew up ; and he was fond of record- 
ing in later years the delight with which he used to tra- 
verse the stately but deserted apartments, feeding his 
childish eye with gazing on the portraits of heroes and 
kings, and imagining for himself a brilliant future of fortune 
and fame. Here he acquired such rudimentary knowledge 
as the dame’s school and the parish clerk could furnish, and 
he was allowed to read whatever came in his way, or could 
be found to his taste in a circulating library of the capital, to 
which be was permitted by his father to make exploring 
expeditions on fine days. His reading lay chiefly in ro- 
mances, old and new. Robinson Crusoe and Tom Jones 
shared his favour with the Arabian Nights and Siegfried 
' the Dragon-Slayer ; and he knew the Comedies of Hol- 
berg, the German Moliere, almost by heart. In boyhood, 
as in after life, he felt the beauties of nature deeply, and 
was quick in the perception of character. The beautiful 
suburb in which he lived a free and rambling life gratified his 
sense of natural beauty ; and even in the narrow and homely 
cwcle of his father’s friends he found scope for the exercise 
of his faculty of observation. The power of improvisation, 
and the impulse to convey his own ideas and impressions to 


others, so often developed in boyhood and lost in after 
years, showed itself early in him ; and-before he was twelve 
years of age he was overheard by the clergyman preaching 
in the chapel to an imaginary audience with so much effect, 
that his unexpected auditor urged his parents to educate 
him for the church. To give him an education in the 
capital was, however, beyond his father’s humble means. 
Fortunately for his future career, his talents attracted the 
notice of Edward Storm, the Norwegian poet, who pro- 
cured his admission as a free scholar into the School for 
Posterity in Copenhagen, of which Storm was superin- 
tendent. Here the same activity of mind continued to be 
shown ; but Latin and history suffered not a little beside 
the stronger attractions of poetry and the drama. Oehlen- 
schlager’s mind was not one to pursue any study with 
method, or to follow it into its depths. His curiosity and 
thirst for knowledge, always active, was quickly satisfied, 
and as quickly started off in search of some new object. As 
his boyhood advanced, the dramatic faculty became more 
developed. The characters he imagined, he was irresistibly 
compelled to embody and to put into action. Thus he used 
to write little pieces to be acted by himself and his playfellows, 
among whom he soon became a favourite and a leader. His 
facility of composition was even then remarkable. ‘‘My 
dear boy,” Storm said to him once with quiet irony, “ you 
are a greater poet than Moliere. It used to be thought 
a feat in him to w'rite and bring out a piece in eight days ; 
you dash it off with ease in one.” Storm, with whom he was 
a favourite, looked after his studies for three of the four 
years he remained at the Posterity School, when death de- 
prived him of the poet’s kind and thoughtful friendship. 
Oehlenschlager took a fair place among his fellow-students ; 
and, despite his desultory habits and imaginative pursuits, he 
acquired during this period a fair knowledge of history, geo- 
graphy, and his mother tongue ; he was well up in geometry 
and trigonometry, had mastered German, knew something of 
French, and had gained a superficial knowledge of some of 
the sciences. At the age of sixteen Oehlenschlager was con- 
firmed, and left the school ; and now the question arose, to 
what he was to turn ? His father’s scanty means made it 
important that the boy slK)uld be speedily put in the way 
of earning his own livelihood. Commerce was talked of; 
but a merchant without money was, as his mother said, like 
a violin without strings. Oehlenschlager, besides, knew 
nothing of English, then, as now, the great language of 
trade ; and arithmetic had always been his stumbling-block. 
A vacancy, however, was heard of in the counting-house of 
a friend at Christianshafen, and thither Oehlenschlager, 
with a heavy heart, went with his father. To his infinite 
satisfaction they found that the young man whose place he 
was to fill had resumed his duties, and they had to return 
as they went. On the way back Oehlenschlager persuaded 
his father, whose disposition was easy to a fault, to allow 
him to prosecute at home the studies necessary to enable 
him to take his degree in arts. To these he applied him- 
self for some time with zeal, taking lessons in Greek and 
Latin from the tutor of the sons of the gardener at Fre- 
dericksborg ; but his progress in these severer studies was 
not great. The Muses continued to assert their mastery 
over him, and his scanty pocket-money was expended upon 
plays and visits to the theatre. Despairing of success in 
any other career, he determined to go upon the stage, for 
which he was in some measure prepared by his practice in 
the plays which he had been in the habit of performing 
with his companions. Having with some difficulty obtained 
his parents’ consent to this step, and secured from the 
necessary authority an admission to the court theatre at 
Copenhagen, he made his appearance, after a course of pre- 
liminary study under the direction of Rosing, then the lead- 
ing actor there. He continued on the Copenhagen stage for 
nearly two years ; but his success was simply respectable, and 
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OeWen- not such as to reconcile him to the difficulties and anxieties 

schlager. of a profession for which he had manifestly no peculiar 
vocation. His office was to write plays, not to act them. 
A variety of little circumstances combined to make his 
position in the theatre irksome. Rosing alone seems to 
have entertained hopes of him as an actor. This was not 
enough for Oehlenschlager, and he threw up his engage- 
ment, after having remained on the stage just long enough 
to learn something of the technical requirements of the art 
for which he was afterw^ards to minister such admirable 
materials. About this time, too, he had made the acquaint- 
ance of the brothers Oersted, one of whom afterwards mar- 
ried his sister. Their habits of methodical and profound 
study impressed him deeply. He had seen nothing like it 
before, and, contrasting their attainments with his own, he 
was stimulated to retrieve, if possible, the time which he 
had lost. To this he was encouraged by these gifted 
brothers; and, under the guidance of Anders Sandoe Oer- 
sted, he devoted himself for a time w’ith ardour to the 
study of jurisprudence, and passed the preliminary examina- 
tions with credit. Oehlenschlager w^as still only nineteen, 
and his poetic powers had been quickened into action by 
the loss of his mother, w'hom he loved tenderly and deeply, 
and by an attachment which he formed for his first and 
only love, Christiana Georgina Elizabeth Heger, the 
daughter of the Counsellor Heger. Literature soon divided 
his attention with the studies of law. He read much, espe- 
cially in the authors of the great German school, which had 
recently sprung up ; and his writings, both in verse and 
prose, began to attract attention. He associated with men 
of letters, and gave much attention to the study of northern 
antiquities, mythology, and literature. The expedition of 
the British fleet against Copenhagen for a time interrupted 
these peaceful studies. Oehlenschlager joined a corps of 
volunteers, and has left an amusing account of their ama- 
teur military career. This temporary distraction over, he 
returned with renew*ed activity to his former literary pur- 
suits, and in 1803 published his first volume of poetry. 
Some of its contents are w’orthy of his subsequent fame ; but 
it w^as not until the appearance of his dramatic poem of 
Aladdin in 1 804 that he gave the assurance of realizing the 
boast with which, in a moment of enthusiasm, he had on one 
occasion startled and amused his companions, that he would 
one day rescue Danish poetry firom the decay into wdiich it 
had fallen since the days of Ew^ald. This work bears the 
unmistakeable impress of genius. The luxuriance of fancy, 
the freshness and exuberance of feeling, the variety and 
truth of the characters, the spontaneousness of emotion, 
and the pervading sense of power, reconcile the reader to 
its want of compression and occasional feebleness of execu- 
tion. All the wealth of a lively and sensitive nature is 
scattered lavishly over its pages. In the composition of 
this work Oehlenschlager felt that nature had destined 
him for a poet, and not for a lawyer. His countrymen 
took the same view ; and, through the interest of Count 
Schimmelman, he obtained from the Danish government 
a travelling pension in August 1 805. With this he made 
a tour through Germany, where he made the acquaint- 
ance of Goethe and Wieland, and the brilliant circle 
whom the old Duchess Amelia had gathered around her 
at Weimar. At Halle he wrote his Hahon Jarl^ his second 
play, in six weeks. At Goethe’s suggestion he translated the 
Aladdin into German, and he dedicated his translation to 
that poet in lines of great beauty. He followed the same 
course with reference to all his principal plays, revising as 
he translated them, so that they frequently appear to more 
advantage in their German than in their Danish dress. 
From Weimar he went to Paris, where he wrote his Fol- 
natoTie^ and Azel und Walburg, dramas unsurpassed by 
any of his later works. Here, too, he conceived the idea 
of his Correggio, the first and best of the long line of 
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art-dramas in which Germany has since been prolific, al- Oehlen- 
though it was in Parma that this fine work fitly took a schlager. 
definite shape, which was afterwards perfected in Rome. v-^ 
After an absence of five years, Oehlenschlager returned 
in 1810 to Copenhagen, where he was already famous, 
and an enthusiastic reception awaited him. He had en- 
dowed some of the finest national legends with a noble 
dramatic life, and laid the foundation of a national drama of 
the best kind. His countrymen w'ere proud of him, and at 
this early period, as through all the rest of his long life, 
were not sparing in their demonstrations of regard. He 
was appointed professor of aesthetics at tlie university of 
Copenhagen, — a position which he continued to fill with 
honour till nearly the close of his life. On the 10th of May 
1810 he married Christiana Heger, to w^hom he had been 
so long betrothed, and whom, after the companionship of 
many years of uninterrupted happiness, he lived to regret. 

From the time of his return to Copenhagen, Oehlen- 
schlager’s life was one unbroken career of literary labour 
and of literary honour. He wrote much in nearly all de- 
partments of the belles lettres, — poems, dramas (serious and 
comic), operettas, tales, and novels. It is by his dramas, 
how^ever, that posterity wdll know him. Besides comedies 
and operas, he wrote twenty-four tragedies, of which nine- 
teen are on Scandinavian themes. These are of various 
and unequal merit ; but all are more or less deserving of 
perusal, and some will rank among the first in the first class 
of modern dramas. Like all dramatists of the highest order, 
Oehlenschlager himself is not seen in the best of bis works. 

His characters feel and speak with a spontaneousness, and 
truth to the situation, which make the reader forget the 
author in the living reality of the scene. The art to blot, 
however, was one which Oehlenschlager seems never to have 
learned. As the first impulse came, so he wrote ; and his 
writings accordingly bear many traces of feebleness, w^hich a 
more vigorous judgment would have been at pains to remove. 
Oehlenschlager was scarcely less esteemed in Sweden than in 
Denmark. In the summer of 1829 he visited that country, 
where he was greeted by all classes with a burst of enthusiasm 
such as commonly is bestowed only on conquerors or kings. 

He was met on the high road by a procession of students. 

Addresses were presented to him from all quarters. At the 
distribution of degi*ees in the ancient cathedral of Lund, 

Bishop Tegn5r, the greatest poet of Sweden, saluted him 
with a panegyric in hexameters in which he was hailed as 
the king of the poets of the north, and placed a laurel 
crown upon his head amidst a storm of music and artillery. 

Soon afterwards he was made a knight of the North Star 
by the King of Sweden, and received the diploma of 
doctor of philosophy from the university of Lund. Ova- 
tions not less gratifying aw^aited him on a subsequent visit 
to Sweden, and also to Norway. In 1815 he received from 
the King of Denmark the knighthood of Dannebrog, and 
in 1839 he was appointed counsellor of state. Other and 
higher honours were subsequently conferred upon him in bis 
own country ; and from the sovereigns of Sweden, Prussia, 
and Belgium he received similar distinctions. A great 
festival was held at Copenhagen on the 14tli November 
1849, in honour of his seventieth birthday, on which occasion 
he recited a poetical address, in which he said, — 

“ Although the end far distant may not he, 

There’s life and sinew in the old man yet ; 

To you I drink, and drain the cup with glee, 

’For ’tis no funeral feast that here is set.’' 

He was then in the full enjoyment of all his powers, and was 
even then busy with literary tasks. But about six weeks 
afterwards symptoms of a breaking up of the constitution 
appeared ; and he died on the 20 th of January 1850. About 
an hour and a half before his death he requested his son to 
read to him that part of the scene in the fifth act of his 
tragedy of Socrates, where the philosopher speaks of death. 
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Dels is,” he said, “so unspeakably beautiful/’ He heard 

II the passage read with deep emotion, “ and with a smile, says 
Oeniadas. biographer, “ of rapturous delight. When it was con- 
eluded, he put an end to the reading, and took leave of his 
family.” The incident is characteristic, not, as has been said, 
of the poet’s vanity, but of his simple faith, which regarded 
himself only as the medium through which an inspiration from 
ahigher source spoke. So it was with Oehlenschlager through 
life. His poetry flowed from him under an inspiration as un- 
conscious, and often as fitful, as music from the wind-swept 
chords of an ^Eolian lyre. When the mood passed, he seems 
to have rarely set himself to the task of rejecting what was 
weak or indifferent, or heightening by the touches of art what 
had been left imperfect in the heat of composition. Oehlen- 
schlager’s death was felt as a national loss, and his obsequies 
were celebrated with almost regal honours. A funeral oration 
was pronounced over bis remains by the Bishop of Seeland in 
the cathedral of Copenhagen, and they were then borne to 
the church of Fredericksborg attended by a crowd of more 
than 20,000 people, or about a sixth of the entire popula- 
tion of the capital. The prince royal, the royal aides-de- 
camp, the whole diplomatic body, all the clergy, and the 
different guilds of arts and manufactures, swelled the train ; 
and the coffin was borne by the youth of the public schools. 
Thus royally attended, the great Scandinavian bard was laid 
to rest in the grave of his fathers on the 26th January 1850. 

Oehlenschlager was robust in body as in mind, — a burly 
man, with a large head, and features which beamed with 
intelligence and vivacity. He seemed to be rather a child 
of the sunny south than of the north. His complexion was 
tinged with ruddy bronze, his eyes were dark and brilliant, 
his smile full and joyous, his gestures animated and quick. 
His sensibilities were at all times readily moved. He en- 
joyed keenly, and his sympathies were wide and genial. 
There was to the last much of the child in him ; and in die 
midst of their admiration his friends were often moved to 
smile at his harmless egotism. Rarely has a poet’s life 
been happier, or more in harmony with his nature. Born 
poor, he was fortunate in the love of parents with whom 
he grew up in an atmosphere of simplicity, integrity, and 
piety. He was fortunately enabled by well-timed patron- 
age to follow from the first the instincts of his genius. His 
country early recognised his claims. Placed by it in a posi- 
tion to pursue his literary career without anxiety, he was 
cheered through life by the assurance that his efforts were 
watched with interest, and welcomed with hearty sympathy. 
Rich in purse he never was ; but he was rich in the love of a 
wife to whom he was devoted, and of children who caused him 
no regrets, — rich in the possession of all his powers of mind 
and body to the close of a long life, — ^rich in the love of 
honoured friends, and in the admiration of his country. In 
him genius was happily allied with goodness ; and the world 
dealt kindly with the man whom nature had endowed with 
many of her choicest gifts. (t. m—n.) 

GELS, a town of Prussia, in the government of Breslau, 
on the Oelsa, 17 miles N.N.E. of Breslau. It is fortified; 
and has an extensive ducal palace built in the form of a 
square, and containing a good library ; a Roman Catholic 
and three Protestant churches, a synagogue, several schools, 
an hospital, and a theatre. Manufactures of woollen, linen, 
and silken stuffs are carried on here ; and there are oil and 
other mills. Pop. 6928. 

OENIADiE (modern Trikardho), an important town of 
Acarnania in ancient Greece, was situated on the western 
bank of the Achelous {Aspropotamojy about 2 miles from 
me mouth of that river. Its name was probably derived 
from CEneus, a legendary iEtolian hero. It stood on an 
insulated hill, strengthened by massive walls, and sur- 
rounded on all sides by extensive morasses. These forti- 
ncatioiis, natural and artificial, rendered the town for a 
considerably time a formidably and invincible foe to the 
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Athenians. Pericles was unable to take it by siege in OenotrU 
454 B.C. ; Phormion advanced against it in 429 b.c., but || 
could not pass across the swamps ; and it was not until 424 
B.O. that it was forced by the general Demosthenes to 
take the Athenian side in the Peloponnesian war. This 
seems to have been a fatal blow to the independence of 
OEniadae. In the latter half of the fourth century b.c. it 
was taken by the iEtolians ; in 219 b.c. it passed into the 
hands of Philip, King of Macedonia; and in 211 B.C. it 
was captured by the Romans, and given once more to the 
iEtolians. Although the citizens were freed from the do- 
minion of their fellow-countrymen in 189 b.c., they never 
recovered their former importance. From that date CEnia- 
dse disappeared from the arena of history. Large portions 
of its walls still remain in excellent preservation. 

OENOTRIA. See Italy. 

oersted, Hans Christian. See Dissertation 
Sixth, chap, vii., sec. 4. 

OESEL, an island belonging to Russia, stretches across 
the mouth of the Gulf of Riga, between N. Lat. 58. and 58. 

40., E. Long. 21. 40. and 23. 20. Its length from S. by 
W. to N. by E. is about 45 miles ; average breadth, 12 
miles; area, about 1200 square miles. Next to Zealand, 
this is the largest of the islands in the Baltic. It has steep 
and bold coasts, and a rocky undulating surface, watered by 
numerous streams. The rocks are for the most part cal- 
careous ; and the soil, though not naturally fertile, may be 
made productive by means of manure. A great part of 
the island is covered with forests, and a considerable ex- 
tent of it is used as pasture ground. The climate is milder 
in winter than that of the adjacent mainland ; but in spring 
and autumn severe storms frequently occur. Corn is raised 
in sufficient quantities to furnish an article of exportation ; 
wheat, rye, barley, and oats being the principal crops ; 
while hemp and flax are also cultivated. Many of the 
inhabitants are also employed in pastoral and piscatorial 
pursuits. Few manufactures are carried on. The majo- 
rity of the people are Lutherans ; and the chief town is 
Arensberg, on the S.E. coast. OEsel at one time belonged 
to the Teutonic knights, but was seized by the Danes at 
an early period, and ceded by them to Sweden in 1645. 

In the beginning of the eighteenth century it was taken 
possession of by Russia, to which power it was finally 
ceded in 1721 along with Livonia, of which government 
it forms a part. Pop. about 40,000. 

OETINGER, Friedrich Christoph, a mystic divine, 
was born in 1702 at Gbppingen in Wiirtemberg. After 
finishing his education at the university of Leipsic, and 
occupying himself with several learned engagements, he 
was appointed pastor at Hirschau in 1738. It was about 
this time that he began to imbibe the doctrines of mysti- 
cism from the treatises of Boehmen and others. In 1765 
his edition of the works of Swedenborg, in 2 vols, 8vo, 
and his treatise entitled Earthly and Heavenly Philosophy^ 
revealed his opinions to the public, and drew down upon 
him the reprehension of his ecclesiastical superiox's. Yet 
protected by the Duke of Wiirtemberg, and aided by his 
own excellent character, he rose to a high position in the 
church. After passing through several grades of promo- 
tion, he was appointed prelate at Murhard, and continued 
there till his death in 1782. 

OF AN TO (anc. Aufidus\ a river of Italy, in the King- 
dom of Naples, rises in the Apennines, province of Princi- 
pato Ultra, flows E.N.E., separating Capitanata from Ba- 
silicata and Bari, and falls into the Adriatic, after a course 
of 75 miles. On the right bank is the field of the battle 
of Cannae, where the Romans were totally defeated by 
Hannibal, B.C. 216. 

OFFENBACH, a town of Hesse-Darmstadt, province 
of Starkenburg, on the left banks of the Main, here crossed 
by a bridge of boats, 5 miles E.S.E. of Frankforu It is well 
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Offenburg built and partly walled ; and has a ducal palace, several 
II churches, a school, poor-houses, theatre, Sec- Its manufac- 
Ohio. tures are extensive, consisting of woollen, cotton, and silken 
fabrics ; gloves, wax-cloth, leather, soap, earthenware, &c. 
There are no fewer than ninety-five manufacturing establish- 
ments in the town, employing 6000 hands, and producing 
annually about L.650,000 worth of goods. This place is 
also remarkable for its bookbinding, in which art it is supe- 
rior to any other place in Germany. An active trade is car- 
ried on in wine and other articles. Pop. (1852) 13,087. 

OFFENBURG, a town of Baden, in the circle of Mit- 
telrhein, on a hill near the Kinzig, 42 miles S.S.W. of 
Karlsruhe. It has a town-house, merchants’ hall, school, 
nunnery, hospital, &c. IManufactures of leather, glass, and 
other articles, and some trade, are carried on. Pop. 4010. 

OFFICINAL, is the name applied to such medicines, 
whether simple or compound, as are required to be con- 
stantly kept in the apothecaries’ shops. 

OGDENSBURG, a town of the United States of 
North America, state of New York, on a plain at the con- 
fluence of the Oswegatchie with the St I^awrence, 200 
miles N.N.W. of Albany. It is well and regularly built ; 
and contains numerous churches, belonging to Presby- 
terians, Episcopalians, Methodists, Baptists, and Roman 
Catholics ; an academy ; and three banks. There are iron- 
foundries, machine-shops, and other manufactories. The 
trade of the town is considerable ; and it communicates by 
steam- vessels with the different ports on Lake Ontario. It 
is also connected by railway with Boston and New York. 
The number of vessels that entered the port in 1852 was 
830; tonnage, 347,698: that cleared, 798; tonnage, 341,188. 
Pop. (1853) about 6500. 

OGECHEE, a river of the United States of North 
America, state of Georgia, flows S.E., and falls into the 
Atlantic by Ossabaw Sound, 20 miles S. of Savannah. Its 
whole length is 250 miles ; and it is navigable by sloops for 
30 or 40 miles. 

OGILVY, JoHiT, an industrious author and literary 
speculator, was born at Edinburgh in 1600, His father 
was a prisoner for debt in the King’s Bench, and could 
give him but little education. Yet the boy had a practical 
ingenuity, and an ever-wakeful prudence which led him 
over the greatest difficulties on towards success. While 
supporting himself by teaching dancing to the families of 
the English nobility, he contrived to gratify his eager avi- 
dity for learning. In 1649 his literary accomplishments 
had become so considerable that he became an author by 
profession, and began to publish a series of metrical trans- 
lations of some of the ancient classics. His Virgil ap- 
peared in that same year, his Fables of JBsop in 1651, his 
Iliad m 1660, and his Odyssey m 1665. Yet although 
Ogilvy had gained distinction by these publications, and 
although he had been appointed superintendent of the 
poetical part of the coronation pageantry in 1661, and 
master of the revels in Ireland in 1662, he continued to be 
the same plodding and practical man of business. After 
the great fire of 1666 had reduced him to beggary, he 
contrived in a short time to set up a printing-press ; and in 
the capacity of cosmographer to the king, published a large 
atlas in several folio volumes, and a description of the roads 
in England from his own actual surve}^ His death took 
place in 1676. 

OHIO, one of the United States of North America, 
situated on the river of the same name, which separates it 
on the S. and S.E. from Kentucky and Virginia; on the 
E. it has Pennsylvania; N., Lakes Erie and Michigan ; and 
on the W., Indiana. It has an area of 39,964 square miles, 
being somewhat greater than that of the kingdom of Por- 
tugal ; and, in all respects, it is one of the most important 
states of the valley of the Mississippi or of the American 
Union. 
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The face of the country is delightfully varied, and presents Ohio, 
a table-land from 600 to 1000 feet above the level of the 
sea. A ridge of high lands divides the waters flowing Physical 
north into Lake Erie from those flowing south into the^-spect. 
Ohio. There is a ridge crossing the state in the latitude 
of Columbus, south of which the surface is diversified by 
hills and valleys. Swamps and morasses occasionally occur, 
forming, however, only a twentieth part of the whole sur- 
face. The river-bottoms are extensive and very fertile. 

Prairies are numerous; but the country was originally 
covered with magnificent forests, which are still far from* 
being extinct. 

The Ohio River and Lake Erie receive the waters of 
the state. Those streams which enter into the Ohio are 
the Muskingum, Hockhocking, Scioto, Miami, Sec. The 
Muskingum is navigable 75 miles for steamers, and for 
small boats nearly to its source. The Hockhocking 
courses through a hilly and beautiful country, and is a 
deep and narrow stream. The Scioto can be ascended 
to nearly its source, and has many thriving towns on its 
banks. Its valley is wide and fertile. The Little Miami 
is less adapted to navigation than to mill-sites. The Big 
Miami enters the Ohio in the S.W. corner of the state, 
after a course of 100 miles. The northern rivers are 
the Maumee, Sandusky, Cuyahoga, which are in part na- 
vigable, but furnish the most abundant water-power for 
manufacturing purposes. The other streams are the Por- 
tage, Black, Rocky, Vermillion, &c. 

Over nearly the entire surface of the state there lies aGreolo.cry 
deposit of various thickness, known by the name of 
vium, believed to have been made by currents of water. 

One of the most important strata is a transition limestone, 
equivalent to the mountain limestone of Europe. It crops 
out in places, forming, at small cost, a valuable building 
material. East of the Huron and Olantangy rivers the 
lime stratum dips under one of shale or clay-slate ; fartlier 
east this passes under a stratum of sandstone ; still farther, 
the sandstone is overlaid by a conglomerate, and then by 
the lower coal series ; and, finally, the upper coal series 
passes beyond the eastern and south-eastern boundary 
of the state. One-third of Ohio is therefore within the 
great coal basin, of which Wheeling, Virginia, Is the centre. 

In several of the southern counties are extensive beds of 
the best iron. In Western Ohio are found gypsum, salt, 
and lead. It is estimated that the beds of workable coal 
would be sufficient to last 10,000 years, supposing Ohio to 
use as much as is now used in England and Wales. By 
the census of 1850, it appears that Ohio produced as 
follows : — 

Establislimeiits. Capital. Value of products. 


pig iron 35 L.313,123 L.26l,632 

Iron castings 183 429,923 639,444 

Wrought iron 6 34,331 26,632 

Salt 32 39,320 27,558 


The county of Tuscarawas is 550 square miles in extent, 
and in every part of it, it is said, coal may be found. Pro- 
fessor Mather, in his report on the geology of the state, 
estimates the quantity of coal in this county alone at 
80,000 millions of bushels! In 1840 the production of 
coal in Ohio is stated at 2,382,368 bushels, in 1848 at 
6,538,968, in 1857 at 40,000,000 bushels ; and the pro- 
duction of iron has swelled to the aggregate of 100,000 
tons.* The coal is bituminous. A belt of ironstone, aver- 
aging 12 miles in width, is 100 miles or more in length. Salt 
springs are numerous, and salt-works are frequent and suc- 
cessful. Marble, freestone, and gypsum occur. 

Ohio is noted for the fertility of its soil. Where the 
transition lime rock is the upper stratum, as it is in nearly 
half the state, the soil is remarkably adapted to wheat and 
grass; and, indeed, seven-eighths of the state are considered 
well adapted to the growth of wheat. What is known as 
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Ohio* the Connecticut Reserve, having a. shale and sandstone 
basis, is less fertile, vet producing fruits and grains suitable 
to the climate. About 25,000,000 acres of land in the 
state could be brought into cultivation, and would support 
many millions of inhabitants. . ^ . 

Climate* On account of its elevation, the climate of Ohio is seve- 
ral degrees lower in average temperature than on the same 
parallel in the Atlantic states. The summer is subject to 
tornadoes, but the autumn is always serene and pleasant, 
though the winters are occasionally severe. Along the 
valley of the Ohio the temperature is milder than in the 
interior, but fever and agues prevail to some extent in this 
section. I'lie climate otherwise is very liealthy, — as much 
so as tnat of tlie majority of the states. 

Forests. In the forests are found black walnut, oak, hickory, sugar 
and otlier maple, beech, poplar, ash, sycamore, papaw, 
buckeye, cherry, dogwood, elm, hornbeam. The cypress 
is almost the only evergreen, and it is but scanty* Medi- 
cinal roots, such as ginseng, valerian, cniumbo, snake-root, 
blood-root, &c., are found. Fish and game are abundant. 
Agricul- At the last federal census (1850), it appeared that there 
ture, were in Ohio 143,807 farms, having under cultivation about 
10,000,000 of acres, with about 8,000,000 more inclosed, 
but unimproved. The average number of acres to each 
farm was 125 : average value of farm, L.5I8 ; and of farm- 
ing implements, L.37. Gross value of all the farms in the 
state, with their implements and machinery, L-77,500,000. 
The number of horses, asses, and mules, was 466,820; milch 
cows, 544,490; working oxen, 65,381 ; sheep, 3,942,929; 
and swine, 1,964,770. The total value of live stock was 
L.9, 192,027 ; of animals slaughtered, 1^.1,549,839. The 
quantity of wheat raised was 14,487,351 bushels; of rye, 
425,918; oats, 13,472,000; Indian corn, 59,078,695; po- 
tatoes, 5,245,760; barley, 212,440; buck- wheat, 638,060; 
hay, 1,443,142 tons; maple sugar, 4,588,000 ib. ; tobacco, 
10,454,449; wool, 10,196,371 ; silk cocoons, 1552; and 
•wine, 11,524 gallons. 

Only 'another of the United States exceeded Ohio in 
the production of wheat. I’he other agricultural products 
are hops;' clover and grass seed; pease and beans; market, 
nursery, and orchard products ; flax seed, flax, and hemp. 
Tlie produce of the vineyards is large, and commands a 
market in all parts of the Union. 

Manufac- Ohio, in the possession of coal and iron, may be said to 
tores. have few rivals in capacity as a manufacturing state, when 
thejull fruition of her reasonable hopes are realized. In 
1850, ‘she manufactured cotton goods to the value of 
L‘.23i;462 ; pig-iron to about the same amount; castings, 
L 639,435; wrought-iron, L.26,632, She distilled or 
brewed nearly 100,000 barrels of ale, and 12,000,000 gallons 
of wliisk}^, &c. 'J'he gross statistics of all the manufac- 
tures sire as follows : — Establishments, 10,622 ; capital, 
L.6,045,733; raw material used, L.7,224,586; hands em- 
ployed, 51,500; wages paid, L.2,805,758; annual pro- 
duct, L. 13,051,507. 

Commerce. ’ Ohio being an inland state, must show very low figures 
in the foreign commerce of the Union. For the inland or 
home trade she enjoys advantages on account of her posi- 
tion with reference to the Ohio, the Mississippi, and the 
lakes, together with lier great works of internal improve- 
ments, enjoyed by few, if any, of the other states. One of 
her leading authorities says, at the close of 1857, that her 
production of corn has reached to 90,000,000 bushels, and 
of wheat to 22,000,000. He estimates the total agri- 
ctdtural, mining, ^ahd manufacturing produce bf Ohio for 
that year at' L.40,800,000 ; and says that Ohio is now 
worth- L'.20p, 000, 000, and that three-fourths of it have 
been made but of ‘the profits of labour applied in the in- 
dustrial pursuits. ■ ^She exports L.12, 500,000 of products, 
besides enjoying the commerce of her neighbours. 

The annual statement of commerce, published at Cin- 
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cinnati, shows that the total produce received at that city OMo. 
in 1856-57 reached L. 16,060,444 ; and that the exports 
were L.l 1,800,447. In the city and vicinity 500,000 bar- 
rels of whisky are distilled, consuming 8,000,000 bushels of 
corn and other grain. Number of hogs packed, 344,512. 

The city is increasing as a wheat, flour, and tobacco mart. 

Over 500,000 gallons of wine are produced from the vine- 
yards in the vicinity, giving employment to a large number 
of persons, and producing large returns to capital. 

The Ohio Canal was completed in 1832, Irom the Ohio Internal 
River to Lake Erie, 307 miles. , Its branches or feeders improve- 
are, — the Columbus branch, 10 miles in length ; the Lancas- 
ter branch, 9 miles ; the Athens extension to Hocking, a 
prolongation of the Lancaster, 56 miles; the Zanesville 
branch, of 14 miles, connects the Ohio Canal with the 
Muskingum improvement, by which another channel is 
opened to the Ohio River at Marietta; the Walhondiag 
branch is 25 miles in length. 

The Miami Canal connects Cincinnati with Lake Erie, 

270 miles, and was completed in 1832, with several 
branches. The whole number of miles of canals constructed 
by the state is 827, at a cost of over L.3,000,000. The 
other canals, which are private property, are the Sandy and 
Beaver, 76 miles, extending from the Ohio Canal to the 
Ohio River, at the mouth of the Beaver ; the Mahoning 
Canal, 77 miles. The canals have, however, in part yielded 
to the railroads, and are in general far from being works 
of the first class. 

The oldest railroads are the Little Miami, from Cincin- 
nati to Springfield, 84 miles ; the Mad River, from Lake 
Erie to Springfield, 134 miles; the Mansfield and San- 
dusky ; the Lake Erie and Kalamazoo, from Toledo, on 
Lake Erie, to Adrien, forming a junction with the Michi- 
gan Southern Road, to which it forms an outlet to the 
roads of Ohio, 35 miles. It would occupy too much space, 
however, to enter into a detail of the numerous railroad 
routes now in operation in Ohio. They constitute several 
great lines, running through the States from east to west, 
and from north to south, bringing nearly every county and 
town in its limits within reach of railroad improvement. 

Perhaps one of the most important of all these great works 
is the Ohio and Mississippi Railroad, 330 miles in length, 
which has been lately completed, and connects by a direct 
route the cities of Cincinnati and St Louis. The railroads in 
progress or in operation in Ohio, at this time, make up an ag- 
gregate length of 3000 miles; the surface of the country being 
most favourable to their construction. There are no lines 
of pre-eminent importance, because it is said that trade and 
commerce are not, as in other states, forced into peculiar 
channels by the natural configuration of the country. 

Among the cities are Cincinnati, whicii is known as the Cities. 

Queen of the West,” supposed now to have a population 
of over 200,000, making it the fifth city of the American 
Union ; Columbus, the capital of the state, is the centre 
of a rich country, which is daily adding to its opulence and 
extent ; Dayton is at the meeting of various railroad lines, 
and is therefore accessible from every point; Zanesville, 
on the Muskingum, is in the midst of a rich and populous 
valley region ; Chillicothe, on the Scioto, is inclosed by 
picturesque hills; Springfield is at the junction of the 
Mad River and Lagonda Creek, which affords every variety 
for mill-sites; Stenbenville and Portsmouth are on the 
Ohio ; Sandusky city is on Lake Erie ; and Toledo on the 
Maumee River, at the terminus of the Wabash and Erie 
Canal. 

The amount appropriated for schools in Ohio from the Education, 
several state funds reached, in 1855, L.544,540. The religion, 
whole number of common schools was 12,012; number*®* 
of scholars attending, 357,547 males, and 31 1,477 females. 

Total number of school-houses 7830, which had been 
erected at a cost of L.464,561. There are 91 high schools, 
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Ohio, having about 4000 scholars ; and 88 schools for coloured 
children, with about the same number of attendants. 
There were also a large number of German schools, adapted 
to tiiat class of population. 

'i'wenty-six dailj^ newspapers were printed in 1850, 10 
tri- weekly, 201 weekly; total of all classes, 261, printing 
annually 30,447,407 copies. The total number of libraries, 
other than private, was 352, having 186,828 volumes. 
The wliole number of paupers reported was but 1673. 

There is a lunatic asylum at Columbus, which had at the 
last statement 261 inmates. Two other institutions of like 
character have been opened at Newburg and Dayton. 
The Ohio penitentiary at Columbus has about 600 inmates. 
A library and schools are attached to the prison, and the 
convicts are instructed in the elementary branches. The 
state derives a small revenue from the institution. There 
is a deaf and dumb asylum, with 148 occupants ; and a 
blind asylum, containing 72. 

The value of church property in Ohio, by the census of 
1850, was L.2,413,812, and the number of the church 
sittings was 1,457,769; the Methodist being the pre- 
dominating sect, giving, with the Baptists, one-half of the 
whole number of seats. 

There were, in 1850, 26 colleges, with 3621 pupils ; 206 
academies and private schools, with 15,052 pupils; 6^020 
persons in the state over twenty years of age were in- 
capable of reading and writing, or about 3 per cent, of that 
class, which compares very favourably with other western 
states. 

Hevenue. The total revenue of the state of Ohio in the year end- 
ing with January 1856 was L.756,492, and the expen- 
diture L.73 1,681. The state cannot, by its constitution, 
contract debt for internal improvement. Total debt in 
1856, L.3,390,334; value of the real estate at the same 
time, L.l 20,387,191 ; and of the personal estate, 
L,58,962,2o0. Total taxes of all sorts, L.l, 765,520. 

History. After the western exploration of Marquette (1673) from 
Canada, and the expedition of D’Iberville to the mouth of 
the Mississippi and up its stream, the French began the 
construction of forts throughout the extensive region which 
they embraced. Thus was founded their claim to Ohio ; 
whilst the English, on the otlier hand, claimed it from 
grants made by their crown, which extended from sea to 
sea, and from a cession made by the six nations of Indians, 
who claimed the entire sovereignty of the Ohio valley. 
The English Ohio Company having made a settlement on 
the Great Miami, it was destroyed by the French in 1 752, 
at which time war occurring between the two nations, 
many hostile expeditions were conducted with different 
results. The defeat of Braddock was followed by the 
victories of Dunmore. On the return of peace in 1763, 
the whole of Canada was ceded to England, and with it all 
the territory to the east of the Mississippi River. After the 
War of Independence the whole of the western lands held 
by the several states were ceded to the federal government. 
Surveys and sales of these lands being at once made, the 
Ohio New England Company purchased a tract lying 
adjacent to the Scioto and Muskingum rivers, where, in 178§, 
Marietta was begun, the first permanent settlement in 
Ohio. Governor Arthur St Clair was appointed territorial 
governor. 

In 1787 John Cleves Symraes purchased from Congress 
a million of acres in Ohio, northward from the Ohio River, 
and between the two Miamis, in which region was founded 
the second settlement at Columbia, about five miles distant 
from the present city of Cincinnati. Mathias Denman 
purchased for 500 dollars the site on which Cincinnati is 
built, and the first cabin was erected in 1788. Other 
settlements immediately followed. The Indians, in despite 
of all treaty stipulation, continued to harass the settlers. 
Block-houses were constructed; and in 1789 Fort Wash^, 
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ington, as a means of protection, was begun. These Ohio, 
aggressions continuing, General Harmar, with 1300 men, 
marclied against the Indian towns, but was compelled to 
retreat. In 1791 General St Clair, at the head of an army 
of 3000 men, undertaking a similar enterprise, was attacked 
by a combination of nearly all the north-western tribes, 
and after a gallant struggle, sustained a most disastrous 
defeat. The result of those reverses was severely felt in 
the settlement, and for some' lime the tide of emigration 
actually ceased. In 1794 General Wayne assembled an 
army at Greenville, and soon obtained a decisive victory 
over a force of 2000 warriors, at the rapids of the Maumee, 

Not until the country was laid w^aste, and forts on eveiy 
hand were seen springing up, did these hardy w'arriors 
abandon their futile struggles. When we consider,’’ says 
an authority, “ the fierce and unrelenting wariare waged 
by the Indian tribe upon the wdiite settlements of the West^ 
during thirty-seven years of almost uninterrupted conflict 
from 1757, when the first white man was killed in Ken- 
tucky, down to the period of Wyne’s victory, we may form 
some faint idea of the toil and perils and sufferings of the 
bold and hardy race of the pioneers who effected the 
colonization of the Western World. An Indian chief, at 
the conclusion of a treaty yielding up the right of soil in. 
Kentucky, said to Boone, — ‘ Brother, we have given you a 
fine land, but I think you will have trouble to settle it;’ and 
his prediction was fully verified there and elsewhere.” 

Constant streams of population began now to pour into 
Ohio. Connecticut sent many to her reserved tract border- 
ing on Lake Erie. In 1798 the inhabitants of the territory 
numbered 5000, with eight organized counties. The first 
meeting of territorial legislature was held in September 
1799. William Henry Harrison, then secretary of the' 
tenitory, and afterwards president of th'e United States, 
was at that time elected to Congress. In 1802 the federal 
government authorized a convention to form a state con- 
stitution. It sat at Cliillicothe ; and Ohio was admitted into 
the Federal Union soon after. The first legislature met in- 
the same place in 1803 ; and two years later the United-^ 

States acquired, by another Indian treaty, the reserve west 
of the Cuyahoga River, and subsequently the Maumee and 
Sandusky region. In 1811 the Indians were defeated by 
General Harrison at Tippecanoe; and in 1816 the seat of 
government was removed from Cliillicothe to Columbus, 
where it now is. 
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1800. 

1810. 

1820. 

1330. 

1810. 

1850. 

Whites... 

Coloured 

45,028 

337 

228,861 

1,899 

576,572 

4,862 

928,329 

9,574' 

1,502,122 

17,345 

1,950,050 

25,279 

Total. 

45,365 

230,760 

581,434 

937,903 

1,519,467 

1,980,329 


Density to the square mile in 1840, 38*02; 1850, 49*o5. 
Of the total population, but 1,219,452 were born in the state, 
and 538,134 in the other American states; and 218,512 
were born in foreign countries. Of these, about 120,000 
were of German origin. 

Ohio, a river of the United States of North America, is 
formed by the confluence of tlie Alleghany and Mononga- 
liela, which rise in the Alleghany Mountains, and unite at 
Pittsburg, in the west of Pennsylvania. It then flows 
generally towards the S.E., separating the states of Ohio, 
Indiana, and Illinois, on the right, from those of Virginia 
and Kentucky, on the left ; and falls into the Mississi[)pi 
1216 miles above its mouth;' N. Lat, 87., W. Long. 89. 
10. Its whole length is more than 950 miles; but its 
length in a straight line is not more than 614. At tlie con- 
fluence of the two great branches, the Ohio is somewhat 
more than 600 yards wide, and it immediately assumes that 
"broad, placid, and beautiful aspect whigh it maintains .to its 
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Ohlau junction with the Mississippi. Its breadth varies exceed- 
P inglv, being in some parts 1400 yards, whilst in others it is 
only 400 yards across. Between Pittsburg and its mouth 
V it is diversified with about 100 considerable islands, besides 
a great number of toiv-heacls (or barren sandy islands over- 
grown with willows) and sand-bars, which in low stages of 
the water greatly impede navigation. Some of these islands 
are of exquisite beauty, and afford most lovely situations for 
retired fariiis. The passages among them, and the sand- 
bars at their bead, are great difficulties in the navigation of 
the river. Notwithstanding these obstacles, however, it is 
well adapted for boat navigation, the current being re- 
markably smooth and gentle, excepting at Louisville in 
Kentucky, where it is broken by falls, the water running 
for several miles with great rapidity, although not so much 
so as to be insurmountable by boats. A canal round these 
falls, a work of great magnitude and utility, has been com- 
pleted. The annual range of the Ohio, firom low to high 
water, is about 50 feet ; the extreme range is 10 feet more. 
When lowest it may be forded at several places above Cin- 
cinnati. Throughout the year it is subject to sudden and 
very considerable elevations and depressions. Generally, the 
navigation is obstructed by floating ice for five or six weeks 
in winter. When the river is at its mean height, its current 
is about 3 miles an hour ; when higher and rising it is more ; 
and when very low it does not exceed 2 miles an hour. The 
Ohio and all its tributaries cannot, it is believed, have less 
than 5000 miles of waters navigable for boats ; and taking 
all circumstances into account, few rivers in the world can 
vie with it, either in utility or beauty. From its very com- 
mencement it affords most delightful prospects. Rivers of 
a romantic and beautiful character flow into it almost at 
equal distances, like lateral canals. The aspect of the 
counti 7 on the banks has much grandeur, softness, and 
variety. Of the rivers and creeks which join it, the follow- 
ing are all navigable by steamboats for considerable dis- 
tances, viz., the Muskingum, Great Kanawha, Big Sandy, 
Scioto, Miami, Kentucky, Green, Wabash, Cumberland, 
and Tennessee. The last is by far the largest and most 
important tributary of the Ohio, watering considerable por- 
tions of Alabama, Tennessee, and Kentucky. Of creeks 
and smaller rivers there are probably nearly two hundred 
which enter the Ohio ; but a list of them would only be a 
dry catalogue of uncouth names. The area watered by the 
Ohio and its affluents is estimated at 200,000 square miles. 

OHLAU, or Olau, a town of Prussia, province of Si- 
lesia, government of Breslau, on the right bank of the 
Ohlau and left of the Oder, 18 miles S.E, of Breslau. It 
has a large castle, several churches, an orphan hospital, and 
a poor-house. There are extensive tobacco manufactories 
and a flour-mill, besides breweries, distilleries, &c. Pop. 
6079. * 

OHRDRUF, a town of Saxe- Coburg- Gotha, in the 
principality of Gotha, on the Ohra, 8 miles S. of Gotlia. It 
has a castle, a newly- erected town-hall, and several churches 
and schools. Manufactures of woollen cloth, porcelain, or- 
gans, &c., are carried on here ; and there are also numerous 
mills and bleach-works. The trade is considerable in wool, 
coals, &c. Pop. 4559. 

OICH, Loch, a lake of Scotland, county of Inverness, 
between Loch Ness and Loch Lochy. It is about 4 miles 
in length by 1 J in breadth ; it receives the Glengarry River, 
and discharges its waters by the Oich into Loch Ness. 
This loch is connected by the Caledonian Canal with Loch 
Ness and Loch Lochy. 

OILS. , Under this head is ranged a group of organic 
compounds of great interest, both on account ■ of their 
great economic value, and from the fact that they occur 
abundantly both in animals and plants. They consist 
clnetly or carbon and hydrogen, but more or less of oxygen 
IS generally associated with them, and causes considerable 
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variation in their qualities. They are either solid or liquid, Oils, 
and in the former condition are more frequently termed 
These fats are more abundant in the animal than in the vege- 
table kingdom. Oils, whether liquid or solid, usually consist 
of three other substances, two of which, stearine {(rriap, 
suet), and margarine (/^apyapov, a pearl), are solid ; and the 
other, elaine or oleine, is liquid at ordinary temperatures. 

They are all from 6° to 9° lighter than water, and their 
liquid or solid condition depends upon the proportion in 
which their component parts are mixed. Thus, in the fats 
the oleine exists in small quantity, and in the liquid oils it is 
the chief constituent. A certain degree of heat is necessary 
to the mixture, for at low temperatures there is a tendency to 
separation : the stearine and margarine are precipitated 
and solidified, and, if pressed, can be entirely freed from the 
oleine. Both oils and fats, when boiled with water and al- 
kali, undergo the peculiar process of saponification, or, in 
other words, solidify, and become converted into soap; 
during this process a liquid of a sweet taste, called glycerine, 
is given off. (See Glycerine). Glycerine exists in oil and 
fats as a base to which stearic, margaric, and oleic acids are 
united, forming stearine, margarine, and oleine. 

The principal uses to which oils and fats are applied are 
soap-making, illumination by candles or oil, lubricating 
machinery, and dressing cloth. They are easily separated 
by moderate pressure from the animal or vegetable tissues 
which contain them, but are not usually pure until they are 
rendered so by clarifying. 

Of the animal oils, those are chiefly solid which are Fixed and 
yielded by the mammals and birds ; wdiilst those derived volatile 
from reptiles and fishes are for the most part liquid at the 
ordinary temperature. The true oils and fats are unchanged 
when heated even to a temperature above 400° ; but there 
is another group of compound substances, termed essential 
oils, yielded by the vegetable kingdom, which are volatile 
at ordinary temperatures; hence the term fixed oils is often 
applied to the former, and volatile oils to the latter. The 
volatility of the essential oils renders distillation a ready 
means of procuring many of them. They resemble the 
fixed oils in many respects, but differ materially in others ; 
for instance, they do not undergo saponification when treated 
wuth alkalies ; like them, however, they often separate at 
low temperatures into solid and liquid portions, — the former 
called stearopten, the latter elceopten. They are very 
slightly soluble in water, and they differ materially in the 
sensation they produce on the skin. Instead of the smooth 
soft feel of the true oils, they are harsh and rough to the 
touch. The essential oils are mostly pure hydro-carbons, 
but many are capable of absorbing oxygen when exposed 
to the air, which darkens their colour, and renders them 
resinous in appearance, a result which may be seen gene- 
rally around the mouths of bottles in which they are kept. 

Some are obtained already oxidized, and some are found to 
contain sulphur : hence they have been classified as pure 
hydro- carbons, when free from oxygen ; oxidized essences, 
when obtained in combination with oxygen ; and sulphu- 
retted essences, when combined with sulphur. The com- 
binations which the essential oils enter into render them 
peculiarly interesting to the student in organic chemistry. 

They appear to be the cause of all the more remarkable 
odours and flavours which characterize plants ; and as they 
can generally be separated easily, they are very valuable in 
an economic point of view, affording us the means of con- 
centrating and retaining the perfumes of the most evanes- 
cent flowers, and in the same way of preserving the most 
pungent and delicate flavours. 

Essential oils are in some instances procured by simple 
pressure, as those from the rind of the orange tribe ; others 
are distilled with water, and float upon the condensed water 
in the receiver. Some, however, are so easily destroyed by 
these processes, that they can only be obtained by the power 
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wliich the fixed oils have of absorbing them. Thus, essence 
of jessamine is obtained by placing layers of the freshly- 
gathered flowers between layers of cotton-wool saturated 
with the fixed oil of almonds or of poppy seed, both of 
which are themselves odourless. They, however, soon ab- 
sorb the essential oil naturally emitted from the flowers, and 
become highly perfumed. Fresh layers of flowers are sup- 
plied until the fixed oil is saturated, when it is pressed out 
from the cotton-wool. 

Besides the fixed oils and fats, and tlie essential oils, there 
is a mineral product called rock oil ; it is not, however, 
properly speaking, an oil, but is a variety of petroleum, 
which exists abundantly in some bituminous shales. Works 
have been established in Dorsetshire and other parts of the 
kingdom for obtaining this material, but witliout much 
success. Large quantities are, however, brought from Ran- 
goon, in the Burmese empire, chiefly to Liverpool, where 
nearly 700 tons weight were imported in 1857. Works exist 
at St "^Helen’s, near Liverpool, and other places, where from 
this material, which is of a dark greenish-brown colour, 
and nearly the consistency of butter, a light amber-co- 
loured oil-like liquid is obtained, said to be very useful as a 
lubricant for machinery. A considerable proportion of 
paraffine is obtained from it, and it yields a very volatile 
naphtha. 

In enumerating the oils, those produced from the animal 
kingdom will be first mentioned, and in the order of zoological 
classification ; then the fixed vegetable oils ; and finally the 
three classes of essential oils. Of the twelve orders into which 
naturalists divide the mammalia, only four comprise animals 
which yield oils of economic value. These orders are Carnivora, 
Cetacea, Ruminantia, and Pachydermata. 

Of the carnivorous animals yielding oleaginous products, we 
have first the bear. The black bear (Umis Americanus, 
Gmelin), a native of North America, yields an abundance of 
grease or soft fat; which is collected by the hunters who pursue 
Sie animal for its skin and hams, and is occasionally imported 
into this country, not, as some may suppose, to be used by the 
hair-dressers and perfumers for pomades, but for the more useful 
manufacture of candles, &c. But the principal oil-producing 
carnivora are the seals, several species of which are killed on 
purpose. The quantity of seal oil imported is very great. 
Most of it comes from Newfoundland. The species which chiefly 
yield it are Gallocephaliis Grcstilandicus^ Callocephalibs 
linus, PJioca harbata^ and Arctocephalus FalJclandicus- 
The part which yields the oil in these animals is the blubber, 
a peculiar layer of oil-cells which lies immediately under the 
skin of the animal, and in fact constitutes a portion of the skin 
itself. Seal oil is liquid, and, when pure, of a pale straw- 
colour. The first drawings from the blubber give the purest 
oil, which is obtained without pressure ; hut the succeeding 
drawings from the blubber- cask are more or less deeply 
coloured brown by the decomposition of the oil-cells. 

The Cetacea are remarkable for the extent of this peculiar 
skin-development called blubber, which in some species is one 
or two feet in thickness. This is not, however, the only source 
of the whale oil ; for in the great-headed cachalot or sperma- 
ceti whale {Gatodon macroce'phalus^ Cuv.), the gigantic head, 
which nearly equals the body in bulk, has an enormous receptacle 
on the upper part of the skull, from which oil is obtained. This 
receptacle consists of a dense bag, divided into numerous large 
cells or compartments, in which the oil exists in a semi-fluid 
state, owing to the large quantity of stearine or spermaceti 
which it contains, and which can easily be separated from it 
by simple draining or slight pressure. The quantity of oil 
yielded by some of the larger whales, especially the cachalots, 
is enormous, but is often erroneously stated, owing to a mis- 
understanding of the fact that quantity in liquid oils is cal- 
culated by the tun measure, and not by the ton weight, as with 
solid oils or fats A cachalot commonly yields 20 tuns, or 5040 
gallons ; and single whales have been known to yield 30 tuns 
(7560 gallons). The following oils derived from the whale 
tribe are known in commerce : — Sperm Oil, and its stearine, 
Spermaceti, from the cachalot ; Train or Gommon Whale Oil, 
from the Right Whale (Balc&na mysticetus) and other species ; 


Pot-head Oil, from both Globicephalm dednctor and Globl- Oils. 
cephalus Swineval; and Porpoise Oil, from Phoccena com- v 
munis. These oils are usually imported as train or sperm oils ; 
but the brokers are well skilled in distinguishing them. 

Of the ruminating animals, we have only two species which 
yield oleaginous products ; but they are unequalled in value 
by any others. They are the ox (Bos taurus, Linn.), and 
the sheep (Ovis ammon, Linn.) The fat of both these animals 
melted down constitutes the tallow of commerce. They are 
so generally mixed together that there is no possibility of 
ascertaining the exact amount yielded by each. We receive 
our largest supply from Russia ; but we import considerable 
quantities from Denmark, Prussia, the Hanse Towns, Holland, 
Turkey, South America (particularly Buenos Ayres and Monte 
Video), the Cape of Good Hope, the East Indies, Australia, 

&c. That imported from the ports of Monte Video and Buenos 
Ayres is chiefly, if not altogether, ox tallow ; whilst that from 
Australia is principally from the sheep. Besides the enormous 
quantity imported, we have to take into consideration that 
which is produced in Great Britain, which has been computed 
to be equal to the amount imported. 

From the bones of the feet of oxen a valuable oil is obtained. 

It contains comparatively little of the harder portion (stearine), 
and is in a fit state to be used for machinery. It is procured 
by boiling the bones, and skimming offi the fatty oil as it rises 
to the surface of the water. It is called neats-foot oil ; and 
from the fact that it remains liquid at a temperature below 32°, 
and is not liable to rancidity, it is peculiarly well adapted for 
turret clocks and other machinery much exposed to cold. The 
supply from such a source is necessarily limited. 

Of the Pachydermata only two yield oily products of any 
commercial importance. The first of these in point of value 
is the common hog {Siis scrofa, Linn.), the fat of which, under 
the name of lard, is very extensively used. Considerable 
quantities are consumed in articles of food. Most of the oint- 
ments of the pharmaceutist have lard for their base ; and when 
too rancid for these purposes, it is used for greasing machinery, 
especially the axles of railway carriages. In the United States 
the production of lard is immense ; and its stearine, which is 
easily separable from the elain, is extensively used in the 
manufacture of candles. The liquid stearine, under the name 
of lard oil, is used for the finer parts of machinery, and for that 
purpose is extensively imported into this country from Europe 
and America. The fat of the horse does not, when melted, 
possess the same firm consistency as that of the ox, sheep, and 
swine. The proportion of stearine in it being comparatively 
small, it is only within the last eight years that it has attracted 
any attention ; but now it constitutes an important article of 
trade with Buenos Ayres and Monte Video, whence it is im- 
ported under the names of horse or mare’s grease. The latter 
name is, however, more generally applied. From its liquidity, 
it is extremely penetrating ; hence the ordinary packages for 
grease and tallow were found to be insufficient, as the casks 
were frequently half empty on their arrival. This checked its 
introduction for some time ; but it is now put into square boxes 
lined with tin, and arrives without loss. It is found to answer 
very well as a lubricant for machinery. 

From the classes comprising the birds and the reptiles (Aves 
and Reptilia) neither oils nor fats of any importance are ob- 
tained, although the domesticated birds sometimes produce it 
in abundance. That of the goose, under the name of goose- 
grease, is occasionally heard of as a useful domestic remedy for 
various ailments. 

The class of fishes (Pisces) is a considerable source of oil, 
always of a clear liquid quality. It is nearly all yielded by 
one species, the common cod-fish [Gadus Morrhua, Linn.). 

The God Oil, and the God-liver Oil of commerce, are both ob- 
tained from the liver of the fish ; the latter, which is now so 
extensively used medicinally, being only prepared with a little 
more care. Its principal value as a remedial agent appears to 
depend upon its nutritive qualities, and the digestive powers 
of a portion of pepsin, or biliary matter, which is always pre- 
sent, and which may be detected by the application of a drop 
of concentrated sulphuric acid, when, if the oil be really cod- 
liver oil, a beautiful purple colour will be immediately produced. 

The number of cod-fish captured is incalculable. The cod- 
fishers, in opening the fishes to salt and dry them, carefully 
preserve the livers, for which an extra boat is Ussually in at- 
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Oils, teudancs ; ttese are taken on shore, and piled np in immense 
masses exposed to the sun. The heat soon makes the oil run 
from the livers in considerable abundance, and for short time 
it is very clear, and of a light straw colour, — this is the first 
quality, and is kept by itself. As the livers begin to decom- 
pose, however, they give a darker colour to the oil, and several 
qualities are obtained, the last of which is thick, turbid, and 
extremely oflfensive to the smell, and is known under the name 
of cod-pitchings. A small quantity of oil made from the com- 
mon herring {Clupea harengus, Linn.) is imported from time 
to time from JS’orth America ; but its strong and unpleasant 
odour prevents it from being much used. 

Vegetable The vegetable sources of oils are very numerous, and some 
oils. are of great importance. 

Fixed Vegetable Oils. — Of these the most important is 
0/ive Oil, procured from the ripe fruit of the olive (^Olea 
JEuropcea, Linn.), which is cultivated for this purpose through 
all the countries of Southern Europe and Northern Africa. 
Its native country is Asia. On Lebanon and the Mount of 
Olives, and in the neighbourhood of Aleppo, the olive tree still 
grows wild. Its general diffusion through the countries suit- 
able to its growth is no doubt attributable to the Romans, aL 
though the Carthaginians and others had previously procured 
and 'cultivated it. Pliny says (book xv., Bohn’s edition), 
Fenestella tells us that in the year of Rome 173, being the 
reign of Tarquinius Priscus, it did not exist in Italy, Spain, or 
Africa ; wdiereas at the present day it has crossed the Alps 
even, and has been introduced into the provinces of Gaul and 
the middle of Spain. In the year of Rome 505, Appius Clau- 
dius, grandson of Appius Claudius Caecus, and L. Junius, be- 
ing consuls, 12 pounds of oil sold for an as ; and at a later 
period, in the year 680, M. Seius, son of Lucius the curule 
aedile, regulated the price of oil at Rome, at the rate of 10 
pounds for the as, for the whole year. A person will be the 
less surprised at this, when he learns that twenty- two years 
after, in the third consulship of Cn- Pompeius, Italy was able 
to export oil to the provinces.’’ Its value has never decreased; 
and, next to corn, olive oil is still perhaps the greatest neces- 
sity of the nations of Southern Europe. It has been described 
as the cream and butter of Spain and Italy ; and the quantity 
consumed in those countries as food, entering into their cookery 
in every imaginable way, is immense. There are severe 
varieties in cultivation, which vary much in quality. That 
which yields the sweet Italian and French salad oils is the 
var. /3. longifolia, Alton. Its fruit, when pickled unripe, is also 
most highly prized. The inferior oils of ^ain are made from 
the large olive, var. latifolia^ Aiton. In Italy and Prance 
the oil is obtained by crushing the fruit in mills, — ^the grind- 
ing stones of which are so set that they will thoroughly crush 
the pulpy part of the fruit without breaking tbe stone or 
kernel in the centre. The fruit, which is gathered for the 
purpose when very ripe, is not unlike a small damson in shape 
and colour, and the stone in the centre is very hard. After crush- 
ing in the mill, the pulp is put in bags made of rushes and 
slightly pressed, when the fine or virgin oil flows out abund- 
antly. Afterwards the cake or marc is again broken up, mixed 
with water, and returned to the press, and an oil of an inferior 
quality is obtained. The cake or marc is once more broken 
up and mixed with water, after which it is placed in vats to 
ferment, and then again pressed. The result is an oil of a 
very inferior sort, only useful to the soap-makers. The oil of 
the olive is liquid at the ordinary temperature, but becomes 
solid a few degrees below 32°. In Spain the process is less 
carefully conducted. Instead of being gathered by hand, the 
olives are beaten from the trees, and are consequently much 
mixed — ripe , unripe , and decayed. They are left in large heaps 
on the ground to ferment, which partly breaks up the oil cells ; 
they are then ground and pressed, and yield a very inferior 
oil. The finest virgin oil for table use is imported from Leg- 
horn and from France. The common oil is chiefly used in 
England for dressing woollen cloths, for which purpose vast 
quantities are riequired in Yorkshire, the west of England, and 
other cloth districts. On the Continent it is also employed in 
making soap. In 1856 the imports were as follows : — From 
France, 368 tuns; Portugal, 3175 tuns; Spain, 2,301 tuns; 
Sardinia, 907 tuns ; Tuscany, 1,973 tuns ; Two Sicilies, 6,093 
tuns; Turkey, 491 tuns; Morocco, 2579 tuns; Malta, 360 
tuns ; Ionian Islands, 2900 tuns ; other parts, 278 tuns ; in 
all» 21,415 tuns, ox 6,395,680 gaEons, valued at LJ, 124, 755.. 


Palm Oil is obtained from the fruit of the oil palm (Elceis 
Guineensis, Linn.), a native of Western Africa, by crushing 
the thin fleshy covering which surrounds the hard stone or 
seed, and by pouring boiling water upon the pulp, upon which 
the oil floats and is skimmed off. In this process, however, 
much of the colouring matter of the drupe, which is a fine 
orange-yellow, is retained, which, besides its colour, imparts 
to the oil a sweet violet-odour. Palm oil, when imported, is 
of the consisteuce of butter. Vessels arrive entirely laden with 
it. It is put in casks of various sizes, but usually very large, 
and made to suit the stowage of the vessels. Spirits, tobacco, 
cutlery, cloths, beads, cowries, arms, gunpowder, and other 
articles, are given in barter to the natives in exchange for the 
oil. This trade has now obtained an immense importance, 
owing to the valuable discoveries by which the oil can be de- 
prived of its colour, and a solid part, called palmitic acid, con- 
verted into candles of a very superior quality. The addition 
of sulphuric acid entirely carbonizes the yellow vegetable 
colouring matter. It is then submitted to the action of steam, at 
a temperature of 612°, in a still of peculiar construction, which 
carries over the particles of oil with the steam, leaving behind 
the charcoal or carbonized vegetable matter. Previous to tie 
distillation, however, lime is added to neutralize the acid, and 
that also remains behind. The material which comes over runs 
from the still as a clear colourless oil, which upon cooling has 
the colour and consistency of lard in cold weather. This is 
cast into square cakes about inch in thickness, and 18 inches 
square. The cakes are placed between mats made of coir, or 
cocoa-nut fibre, and submitted to the action of powerful hydrau- 
lic presses, which force out the elain, a liquid about the colour 
and consistency of linseed oil. The mats are then taken from 
the press, and the cakes, which are now much harder, are re-, 
melted and made into candles. Nothing can give a better 
idea of the extent to which this manufacture is carried on than 
the fact, that Messrs Price and Co., at their works in Loft-^ 
don, and at Bromhoro’ Pool, Cheshire, are now making 150 to;is 
of these candles per week, and give employment to upwards of 
2000 persons. Great quantities are also consumed in the 
manufacture of soap. When it is remembered that each drupe^ 
will only yield about iVth part of an ounce in weight, and that 
each palm only produces three or four pounds at one crop, the 
number of palms in the forests of W(?stern Africa must he, 
immense, and the industry called into action by this want of 
civilized man must exert a most beneficial influence over the 
destinies of the African races. The drupes are borne in im- 
mense clusters, each surrounded by sharp bracts, and they 
greatly resemble gigantic pine-apples both in shape and colour. 

Cocoa-nut Oil is produced from the white kernel which lines 
the shell of the large cocoa-nut (Cocos nucifera^ Linn., Nat. Ord. 
Palmacecs). This kernel is ground in mills in Ceylon, where 
it is largely cultivated for its oil ; and when ground, the mass, 
called copperah, is submitted to considerable pressure. The oil 
runs at first limpid and liquid, but it afterwards becomes white 
and solid. It is largely used in making soap, and also in 
making candles ; for the latter purpose the stearins only is 
used. The oleine, both of cocoa oil and palm oil, is used fox 
lubricating machinery. It is nearly all obtained from Ceylon, 
whence it is exported chiefly to this country in large casks and 
iron tanks. 

Linseed Oil is pressed from the seed of the flax plant 
(Linum usitatissimumj Linn., Nat. Ord. Linacece). It is not 
imported very largely, being chiefly manufactured in this 
country from home-grown or imported seed. The seed is first 
ground in mills, and afterwards submitted to enormous hydrau- 
lic pressure. The oil yielded is of a dark brown colour, and is 
one of the best drying oils. It is therefore of great value to 
painters, who use this oil almost exclusively in mixing their 
paints. Linseed is imported in very large quantities from the 
East Indies, Russia, Germany, Holland, America, and other 
places. The total quantity received in 1856 was 1,180,180 
quarters, valued at Ii.3,195,634. This does not represent the 
value of the oil, for the cake or marCj which remains after the 
oil is expressed, is of considerable value for feeding cattle. 

Seed Oil is a name applied to the expressed oil of the 
physic-nut (Ja#rop^actM*cas, Linn., Nat. Ord. EupTiorbiacece). 
Within the last six years this oil has been brought into notice 
as a substitute for the dearer olive oil in dressing woqUen 
fabrics. It has highly purgative properties ; and the seeds 
imported, underthe name of croton nuts, produced seriousresulfa 


Oils. 



OILS. 


495 


Oils- landed on tlie Liverpool quays ; the tempting name 

^ j induced many to eat their blandly flavoured white kernels, and 
^ the consequences were nearly fatal to some. The oil, too, at 
first produced disagreeable effects amongst the workmen, who 
have a habit of tasting with their fingers the various oils they 
use. This evil, however, soon cured itself, and the oil is now 
largely used. It is chiefly imported into Liverpool from 
Lisbon, but the Portuguese manufacturers obtain the seeds 
from the Cape de Verde Islands. There is no doubt that vast 
quantities might be obtained from the West Indies, where the 
plant is indigenous. It is cultivated in the East Indies, and 
its oil is called Bhoga Bhirincli til. The imports have reached 
nearly 400 tuns per annum ; but owing to the indefinite name 
given to it, this oil is confounded with others, and the exact 
quantity cannot be ascertained. The importers also have some 
interest in suppressing information respecting its source and 
true character. It is a good drying oil, and would probably, 
if boiled, be equal to linseed oil for painters’ purposes. 

Sessamum or Gingely Oil is made from the seed of Sessa- 
mum orientalCi Linn. (Nat. Ord. PedaliacecB). This seed is 
grown extensively all through India, where its oil is known 
under various names, as Tillee Oi^ Mancliy noonce, Til he tel, 
'nullmai, tamool, &c. The seed is small, not much unlike 
the fiax seed in shape : the colour usually a light drab — ^but 
there are dark-coloured varieties. The oil is bland and sweet, 
and useful for all purposes to which the common kinds of olive 
oil can be applied. In 1856, 5269 quarters of ibis seed were 
imported fijr expressing the oil ; and of the oil itself in 1857, 
42,136 gallons, or nearly 166 tuns. The marc or oil-cake is 
much relished by cattle, and is very nutritious. 

Niger-secd Oil is expressed from the seeds of Yerhedna 
sativa, H. K., or Guizotia oleifera, Cassini (Nat. Ord. Com- 
positce^j another East Indian seed, also extensively used in 
that country under the names of Bam til, ValiBaloo Oil, 
Valisaloo noonce.^ &c. The seed only is imported here. It is 
hlack and shining, resembling in shape the common sun- 
flower seed, but is scarcely larger than a caraway seed. The 
oil is as sweet and liquid as that of the olive, and answers the 
same purposes. About 700 quarters were imported in 1857. 

Safflower-seed Oil is expressed from the seeds of the 
safflower plant (Carthamus tinctorius, Nat. Ord. Compositce), 
also a native of India, where it is very extensively cultivated, 
both for its flowers and seed. The latter are of the same 
shape and size as those of the sunflower, but are white instead 
of black. They yield a large quantity of a fine clear oil, of a 
peculiar golden -yellow colour. It has good drying properties, 
and burns well, but has a peculiar and not very agreeable 
odour. There is good reason for believing that this oil, known 
in India under the name of Koosum Oil, is the celebrated 
Macassar oil of the Malays, and, in all probability, of our own 
perfumers. It has certainly a specific effect upon the growth 
of the hair. The oil is not often imported, but a large quantity 
of the seed now finds its way annually to this country ; but as 
the official designation of “ seed un enumerated” is applied to 
this and many others in the returns, the exact quantity cannot 
be ascertained. Between 300 and 400 quarters were imported 
in 1857 into the port of Liverpool, and probably a much 
larger quantity into London. 

Bape Oil is expressed from the seeds of Brassicarapa, and 
its variety B. oldfera, De Cand. (Nat. Ord. Gruciferce), a 
common European weed, which is, however, largely cultivated 
for its seed. It yields a yellowish-brown oil in considerable 
abundance, valuable for burning and other purposes. Several 
other cruciferous plants, yielding a similar oil, are also largely 
imported under the same name, and are consequently con- 
founded with it. Thus we have immense quantities of the 
seed of Sinapis toria, 8. glauca, 8. nigra, sent from India 
under the name of rape-seed, and the colsa or colza seed 
(Bi^assica campestris, var. oleifera, De Cand.) is imported 
from Holland and Germany, and finds its way into our markets 
under the same designation. The quantity of seed imported 
as rape in 1856 was as follows; — ^From Russia, 2556 qrs. ; 
Denmark, 4402 qrs. ; Germany, 2267 qrs. ; Holland, 1850 qrs.; 
British East Indies, 251,890 qrs. ; other parts, 1955 qrs. ; — 
or 264,920 quarters in all, in which probably not more than 
8000 quarters are genuine rape-seed. Besides the seed, a con- 
siderable quantity of the oil was imported from the continent 
of Europe. 

Ground-nut Oil is yielded by the seeds of Arachis Jiypo- 


gcBa, Linn. (Nat. Ord. LeguminoscB). The seeds are about the 
size of a small horse-bean, generally two in a pod. They are 
much used, when roasted, as food both in South America (its 
native country), and also in Africa, India, and China, in which 
countries it is now naturalized and grown to a great extent. 
The oil is thin and limpid, burns well, and is a good substitute 
for olive oil, both for the table and other purposes, as it is 
remarkably free from rancidity. It is almost pure elain, and 
has accordingly been recommended for W'atch and clock-work, 
and other delicate machinery. The quantity of the seeds im- 
ported in 1857 was about 2500 tons. Some small lots of the 
oil have also been imported, but the exact quantity cannot be 
ascertained. It is known in India under the name ot'Batchung 
Oil. 

Castor Oil is expressed either with or without heat from the 
seeds of the palma-christi plant (Eicinus communis, Linn., 
Nat. Ord. Euphorhiacece), a native of the East Indies, where 
it is known under many names. In Tan j ore the native name of 
that which is obtained by putting the crushed seeds into hot 
water is Adivia aumedum. It is used for burning in lamps. 
That which is expressed without heat, and is consequently 
known here as cold-drawn, is there called Arandee ha tel. 
Only the cold-drawn is sent to this country, and it is nearly 
all used for medicinal purposes, in consequence of its valuable 
aperient qualities. It is now disseminated pretty generally 
through all tropical and subtropical countries. About 1:; 00 quar- 
ters of the seed were imported in 1857, "Besides large quantities 
of the oil. Another seed is imported for the purgative oil which 
it yields, but the quantity is very small. It is the fruit of 
Croton Tiglium, Lam. (Nat. Ord. Eiiphoj'hiacece), also a native 
of India; the oil is never used except for medicinal purposes. 
The seeds of Jatroplia curcas, before-mentioned, are often 
imported as croton seeds, but not more than a few bushels of 
the real croton seeds are annually brought to this country. 

Poppy-seed Oil, obtained from the seed of the white poppy 
(Papaver somniferum, Linn., Nat. Ord. Papaveracece), is most 
^ely of Asiatic origin. It is cultivated chiefly for its nar^;otic 
juice (opium), but the value of its seed for oil purpowses is 
rapidly increasing; and the fact that it is easily cultivated in 
France and other temperate parts of Europe, adds much to its 
interest. Thousands of acres of land in France alone are now 
annually covered with crops of the white poppy, grown only 
for its seed, which yields a sweet limpid oil, esteemed by 
many as preferable for most purposes to that of the olive, 
especially as a salad oil. .The impression which long pre- 
vailed, that the seed of a plant producing so poisonous a juice 
as that of the poppy could not be otlierwise than iujurious, 
actually led to legislative enactments against its introduction 
into France in former times. But, like those in our own 
country against logwood, they have long since passed away, 
and poppy oil and logwood are now amongst the most useful 
of our commercial materials. In 1856, 24,121 qrs. of this 
seed were imported, of which no less than 24,073 qrs. were 
from British India, The oil has not been imported, unless in 
very small quantities, from France. 

Almond Oil is expressed from the kernel of the common 
almond (Amygdalus communis, Linn.) The value of the 
sweet varieties for other purposes causes the small bitter 
almond to be generally used for expressing this oil, especially 
as the essential oil can afterw’ards be distilled from the marc. 
The fixed oil of almonds is chiefly manufactured in France ; 
it is much used by perfumers, as it is very nearly inodorous, 
and will consequently receive the most delicate perfumes. 
It is an expensive oil, as it requires 1 cwt. of almonds to 
obtain 50 lbs. of oil. It is of a light yellow colour, and 
contains very little stearine, only about 24 per cent. It is 
often adulterated with the oil of Guizotia oleifera. Besides 
its chief use by the perfumers, it is also, to a small extent, 
used in the operations of pharmacy. The imports are small, 
and published returns contain both the fixed and volatile oils, 
consequently the exact quantity of each cannot be ascertained. 
Most of that used in Great Britain is home manufactured. 

Amongst the less known oils and vegetable fats are the 
Madia Oil, yielded by the seed of Madia satim, Molina (Nat. 
Ord. Compositce), a native of Chili, and cultivated in Italy for 
the sake of its oil, which is limpid and sweet. Gold of Pleasure 
Oil, from the seed of Camelina sativa, Cranby (Nat. Ord- Cru- 
ciferce), a native of the continent of Europe. It does not 
succeed well in England, but the oil is used for many purposes 
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Oils. oil tlie Continent, Toeing even employed in culinary prepara- 
tions. Oil of Mexican poppyseed (^Argemone Mexicana, 
Linn., ]S^at. Ord. Papaveracece) is a drying oil, and i^s used in 
Mexico, its native country, for polishing wood. It is also 
employed for various useful purposes in the Bast and West 
Indies, where it is now cultivated. Indian Almond Oil, a 
sweet limpid oil, is obtained from the kernels o£^ Tev- 
miaalia catappa, Linn. (Nat. Ord. Combretacec^, This tree 
is a native of India, and is now cultivated in the West Indies. 
The kernel is not very large, but closely resembles the almond 
in flavour. The oil has not yet been imported. Walnut Oil, 
expressed from the kernel of the common walnut (Juglans 
regia, Linn., Nat. Ord. Jnglandaceo^, is extensively manu- 
factured in Circassia, where the tree is very abundant. It is 
used by the natives for almost every purpose to which, oil is 
applied, but it is not exported. 

The following liquid oils were exhibited in the Indian col- 
lection at the Exhibition of 1851, but no information given as 
to their uses or commercial value. Cheeronjee Oil, from the 
seeds of Buchanania latifolia, Roxb. (Nat. Ord. Anacar- 
diacecB), Valuse nune, from the seeds of Guizotia ahgssinica 
(Nat. Ord. Composite^), Poonseed Oil, expressed from the 
nuts of an unknown species of Calophyllum (Nat. Ord. Cht- 
siacece), Oondee Oil, from the nuts of Galophyllum inophyl- 
lum* Caju-apple Oil, from the cashew-nut, Anacardhim 
occidentale, Linn. (Nat. Ord. Anacardiacece). Neem Oil, ob- 
tained from the pnlp of the margosa-berries, or fruit of Melia 
azadirachta, Linn. (Nat. Ord. Meliacece). Kiirranj Oil, ex- 
pressed from the nut of Pongamia glalra, Ventenat (Nat, 
Ord. Leguminosce). Its chief value is in veterinary medicine. 
Country Walnut Oil, from the kernels of Alexirites triloba, 
Eorst. (Nat. Ord. EuphorUacecc). Country Walnut Oil, from 
the seeds of Berger a lldnigii, Roxb. (Nat. Ord, Aurantiaceoe). 
Hingun or Hingota Oil, from the seeds of Balanites jEgyp- 
tiaca, Delile (Nat. Ord. Amyridacece). Oil of Ben, from the 
seeds of Moringa pterygosperma, D. C. (Nat. Ord. Morin- 
aceoe), Mooneela Grain Oil, from the grain of Dolichos 
iflorus, Linn. (Nat. Ord. Legiiminosce). 

Solid Oils, or Vegetable Tallows. — KoJcitm or CoJeumOil, 
made from the fruit of Oarcinia purpurea (Nat. Ord. Clusia- 
cece), is now frequently imported from India, usually in large 
candle-shaped rolls about eighteen inches in length, and from 
one to three inches in diameter. This oil has a sweet balsamic 
smell, and is said to be wholly used by the candle-makers for 
their best kind of candles, 

Muohiva Oil, or Bassia Butter, is made from the large seeds 
of Bassia latifolia and Bassia longifolia (Nat. Ord Sapo- 
tacew). This material, which is rather softer than butter, and 
of a yellow colour, is used in India for food, burning in lamps, 
and making soap. It was first imported into England during 
1857. The quantity, however, was very small. 

Chinese Vegetable Tallow, obtained from the seeds of Blil- 
lingia sehifera (Nat. Ord. Euphorbiacece) , by placing them 
in boiling water, is white, and harder than common tallow. 
In China it is used for making candles, and in this country 
it has been employed to give firmness to softer fats, but the 
quantity sent is very small and uncertain, 
rssftntial Essential Oils or Essences.’ — These are all of vegetable 
oils. origin, usually of a pale yellow colour ; lighter than water, and 
nearly all liquid at the ordinary temperature. They appear 
to constitute the odorous and sapid principles of plants. They 
are slightly soluble in water, perfectly so in alcohol or ether ; 
and they evaporate so readily that their adulteration by any 
of the fixed oils may be readily detected by a drop of the oil 
being applied to white paper. The greasy spot will entirely 
disappear if held before the fire, provided the essential oil be 
unmixed; but if a fixed oil has been added, the greasy stain will 
remain. They are obtained chiefly by distillation from various 
parts of plants, as the wood, bark, leaves, flowers, fruits, and 
seeds. Some, however, are obtained by expression and other 
means. The essential oils or essences, as they are frequently 
c^led, are arranged by chemists under the three following 
divisions : — 

1st. Pure Hydrocarbons, the principal of which are : — Oil of 
Turpentine, yielded by several trees of the Nat. Ord. Coniferce, 
the principal of which are Pinus tceda, Linn., Pinus palus- 
tris, }l. EL., and Abies excelsa, Poir. It is obtained by 
making holes in the base of the stem, from which a very large 
quantity of the fluid substance called turpentine flows and is 
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collected in casks. This is of a light yellow colour, and Qjjg^ 
of the consistency of thin honey; but soon gets hard, by l 
the evaporation of its essential oil. Turpentine, when dis- 
tilled, yields about 25 per cent, of a thin, colourless essential 
oil, known as spirit or oil of turpentine, which is chiefly manu- 
factured in this country from turpentine imported from the 
United States ; but a considerable quantity is also sent from 
America. OH of Orange Peel, from the yellow part {fiauedo) 
of the rind, is imported from Sicil.y, and is used in perfumery. 

Oil of Orange Flowers, or OH ofNeroli, from the petals of the 
flowers, is used in perfumery, and is imported from Italy. Oil of 
Orange Leaves, or Oil of Petit-grain, from the leaves and the 
immature fruit which falls otf soon after the flowers, is used 
in perfumery. It is imported from Italy and France. Oil of 
Lemon, from the yellow portion (Jiavedo) of the peel of the 
fruit, is used largely in perfumery ; and imported principally 
from Sicily. OH of Bergamotte, from the rind Qiavedo') of 
the Bergamotte orange, is used in perfumery, and is imported 
from Sicily. Oil of Cloves, from the spice called cloves, is used in 
confectionary and perfumery; and is chiefly distilled in England. 

Oil of Pimento, from the spice called Jamaica pepper, allspice, 
or pimento, is used in perfumery and confectionary ; it is chiefly 
made in England. OH of Caraway, from caraway seeds 
(the fruit of Carum Canii, L., Nat. Ord. TJmhelliferoe), is dis- 
tilled chiefly in this country for perfumery and confectionary. 

Oil of Camomile, from the dried flowers of the camomile 
{Anthemis nobilis, L., Nat. Ord. Compositce), is prepared in 
England ; it is used only in medicine. Oil of Juniper, from the 
berries of Juniperus communis, L., (Nat. Ord. Coniferce), 
usually imported from Holland, is used principally in veteri- 
nary medicine. Oil of Thyme, from the whole plant of 
Origanum vulgare, L. (Nat. Ord. Labiates), is used in 
veterinary medicine ; and is both made in England and im- 
ported from the continental ports. Oil of Peppermint, from 
the whole plant of Mentha piperita, L. (Nat. Ord. Lahiatce), 
is used chiefly in confectionary. It is imported in considerable 
quantities from the United States and from the European 
ports ; hut the best is that manufactured in England, at Mit- 
cham, in Surrey, where the cultivation of plants yielding essen- 
tial oils is extensively carried on ; and the distillation of the 
oils carried to so high a degree of perfection, that the prices 
realized are often nearly double that of the foreign ones. 

Attai', or Otto of Roses, is procured from the leaves of the 
rose (Rosa centifolia, L., Nat. Ord. Eosacece). This most 
delicate perfume is only made in India and Persia. The chief 
manufacture is at Ghazipore, on the Ganges, where thousands 
of acres of roses are cultivated. The petals of the flower are 
distilled with water, which comes over highly perfumed. This 
water is then set aside in basins, carefully covered over to 
prevent impurities being blown in ; and each morning the film 
of oil which has risen to the surface during the cool hours of 
night is carefully skimmed off with a feather, and placed in 
small glass bottles. When pure, it is extremely valuable ; the 
present price in this country being about 80s. per ounce. It 
is too generally adulterated either with the odourless fixed oil 
of almonds or gingelly, or the sweet-scented oil of Andropogon 
calamus-aromaticus , a grass whicliyields an abundance of rose- 
scented essential oil. Sometimes it consists almost entirely of 
this sophistication ; but it is coarse and disagreeable to the prac- 
tised perfumer, and can easily be detected ; besides which, it 
remains liquid at the ordinary temperature, whereas pure otto 
of roses is solid at 83°F. The Persian is chiefly received from 
Turkey, and is generally considered the best. Oil of Birch 
is distilled in Russia from the bark of the common birch (Betula 
alba, L., Nat. Ord. Betulaccea). It has a sweet cedar-like 
odour, and is used in dressing Russia leather, to which it com- 
municates its peculiar smefl. Lately small quantities have 
been imported for preparing leather in a similar manner. 

2d. Oxidized Essential Oils. — Oil of Mint, distilled from 
the whole plant of common mint (Mentha sativa, L., Nat, 

Ox’d. Labiates), is chiefly made in England ; and used only in 
pharmacy. Oil of Penny Royal, distilled from the -whole 
plant of Mentha Pulegium, L. (Nat. Ord. Labiates), is made in 
England for medicinal purposes. OH of Cassia, distilled from 
the bark of Cinnamomum Cassia, Blume (Nat. Ord. Lau- 
racecs), is manufactured in China, and imported in con- 
siderable quantities, usually in chests like those used for tea, 
each containing four tin canisters filled with the oil. It is used 
in perfumery. Oil of Cinnamon, distilled from cinnamon or 
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Oils tHe bark of Cinnamomum zeylanicum^ Nees (Nat. Ord. 

[[ Lauracece)^ possesses, when pure, all the delicious flavour 
Oise. and pungency of the spice, and is used for similar purposes. 
Small quantities only are imported from Ceylon. It is fre- 
quently adulterated with oil of cassia. The essential Oil of 
Almonds is usually distilled from bitter almonds, although it 
can also be obtained from the sweet varieties quite as easily ; 
but for economy the cake of the former, from which the fixed 
oil has been expressed, is chosen. ‘V\^en first distilled, this 
oil contains hydrocyanic or prussic acid, and is consequently a 
dangerous poison ; but when purified by mixing with lime, 
and the proto-chloride of iron, and re-distilling, it becomes quite 
innocuous. Oil of Lavander, distilled from the flowers of 
Lavandula vera, De Cand. (Nat. Ord. LahiatcB)y is only 
used in perfumery. The best is made at Mitcham ; but con- 
siderable quantities are imported from France and Italy. An 
inferior kind is made from the flowers of L. spica, and is known 
in commerce as oil of spike. Oil of Rosemary ^ distilled from 
the leaves and flowers of Rosmarinus officinalis^ L. (Nat. 
Ord. Lahiatce), It resembles oil of lavender, and is chiefly 
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made in England and France. Oil of Aniseed^ is distilled both Oise, 

from the seeds of Pimpinella Anisum, L. (Nat. Ord. CTm- v ^ 
helliferce) ; and from those of Illicium anisatumy L. (Nat. 

Ord. Magnoliacece). It is imported in the same manner as 
oil of cassia, in considerable quantities from China; and is 
used in medicine, perfumery, and the manufacture of liqueurs. 

The oils distilled from different species of the genus Andro- 
pogon (Nat. Ord. Graminacec^ are imported from Ceylon, 
and used in perfumery. Oil of Citronelley from A. citratumy 
De Cand., has a lemon odour. Oil of Verhenay from A. ScIub- 
nanthuSy Linn., resembles the perfumed verbena (Aloyfiia 
citriodora). Oil of Rose-semted Geranium (from A. Gala- 
mus-aromaticusy Royle) is also produced abundantly in India, 
where the native medical practitioners use it as a rubefacient 
for rheumatism. It is also used in perfumery, and particu- 
larly to adulterate the otto of roses. 

3d. Essential Oils containing Sulphur, — This division em- 
braces only a few chemical oils, such as oils of mustard, 
garlic, horse-radish, and some others of no general impor^ 
tance. 


Imports and Exports of Oils in 1857, ^vith the Current Prices and estimated Value (compiled from the Brokers' t 

Circulars), 


Name of Oil. 

Imports. 

Animal Oils and Fats. 

Seal 

2,016,000 galls. 

Whale or train, of various qualities.. 

1,348,200 

Sperm whale 

1,360,800 „ 


Duty. 


Free. 

Free. 

Free. 


Exports. 

1 Average Price. 

! 

Estimated 
value of 
Imports. 

27,216 galls. 

i 

L.O 3 6 per gall. 

L.352,800 

227,000 „ 

0 3 9 „ ; 

252,787 

1,600 „ 

0 8 0 „ 

644,320 


Tallow of Oxen and Sheep — 

British colonies 

Foreign countries 

Lard 

Lard oil 

Horse fat, called usually ** mare’s oil’’ 
Cod, or cod-liver, of aU sorts 


96,498 cwt. 
919,811 „ 

140,660 „ 

114,984 galls. 
12,360 cwt. 
1,024,884 galls. 


Id. per cwt. 
Is. 6d. 5, 

Free. 

Free. 

Free. 

Free. 


116,300 cwt. 

5,316 cwt. 
654 galls. 

270,606 galls. 


2 0 0 to L.2 15 0 
per gall, 

2 10 0 to L.3 3 0 
per cwt. 

4 0 0 per gall. 

1 14 0 per cwt. 

0 4 0 per gall. 


. 2,926,275 


22,997 

20,962 

204,973 


VegetabU Oils and Fats, 

Olive 

Palm 

Cocoa-nut 

Sessamum, or gingelly 

Rape 

Castor 

Kokura oil 

Oil or spirit of turpentine .... 

Essential oils of all sorts 


5,715,600 „ 

873,000 cwt. 
146,300 „ 

42,136 galls. 
1,131,480 „ 

37,379 
2,380 cwts. 
71,584 „ 

253,700 


Free. 

Free. 

Free. 

Free. 

Free, 

Free. 

Free. 

Free. 

Is. per Ih. 


555,158 „ 

190,186 cwt. 
1,274 „ 


16,816 galls. 
865 „ 

Nil. 

22,784 cwt. 
97,000 lb. 


0 4 0 „ 

2 3 0 per cwt. 

2 2 0 

0 3 6 per gall. 

0 3 9 

0 12 0 „ 

2 0 0 per cw't. 

1 13 0 

1 0 0 to L.60 0 0 

per lb. 


1,143,120 

1,882,950 

307,236 

7,374 

212,152 

224,027 

4,760 

120,797 

152,034 


(t. c. a.) 


OISE, a department of France, lying between N. Lat. 
49. 4. and 49. 46. ; E. Long. 1. 42. and 3. 8. ; is bounded 
on the N. by Somme, E. by Aisne, S. by Seine-et-Marne and 
Seine-et-Oise, and W. by Eure and Seine Inferieure. Its 
form is nearly that of a parallelogram ; its length from E, to 
W. is 65 miles, average breadth about 40 miles ; area 2244 
square miles. The surface is undulating, with a general 
slope to the S.W., except a narrow strip of land in the N. 
of the department, which slopes towards the N. A chain of 
hills traverses it near its northern boundary, and another 
runs parallel to the left bank of the Oise ; but none of the 
elevations exceed 850 feet above the level of the sea. The 
principal river is the Oise, from which the department 
takes its name. It rises near Chimay, in the province of 
Hainault in Belgium, not far from the French frontier, 
and flows S.W. through the departments of Nord, Aisne, 
Oise, and Seine-et-Oise, until it joins the Seine about 12 
miles below Paris. Its whole length is 137 miles ; and it is 
navigable as far as Chaunay 75 miles above its confluence with 
the Seine. It receives from the left the Serre, the Lette, 
the Aisne, and the Nonette ; and from the right none but 
small streams, of which the most considerable is the The- 
rain. A small portion of the west of the department is 
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watered by the E[)te, a tributary of the Eure ; and the 
S.E. corner is traversed by the Ourcq, which joins the 
Seine above Paris. The geological formation of the country 
is in general calcareous ; and the soil in many parts fertile, 
consisting of a stiff clay ; but in some places dry sandy 
tracts occur, which are entirely barren, or neaidy so. Most 
of the land is well fitted for the cultivation of wheat or 
other kinds of corn ; but the higher regions are chiefly 
used for pasture ; and a great part of the country is covered 
with wood. The climate is not insalubrious, but rather 
moist, especially during the long winters. The mineral 
productions are few and of little consequence, except lime- 
stone, which is extensively worked. Small quantities of 
iron of an indifferent quality are also found. The extent 
of arable land in the department is estimated at about 
960,000 acres : of meadow land, 74,000 acres ; of vineyards, 
6000 acres ; of wood, 200,000 acres ; of waste land, 37,000 
acres. Corn, pulse, potatoes, and beet-root are produced in 
sufiicient abundance to form articles of export ; and hemp, 
flax, fruits for cider, &c., are also raised. The wine produced 
in Oise is bad ; and the number of vineyards is decreasing. 
Cattle and horses are reared in the department, but not to 
any great extent j and the greatest amount of attention is de- 
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Oka- voted to the sheep, which are in general of an excellent 

II breed. There are in Oise about 100,000 head of cattle, 

O'Keeffe, 600,000 sheep, 50,000 pigs, 1500 goats, 

— 2o00 mules, and 8000 asses. Manufactures of various 
kinds are caiTied on to a large extent. Among the most 
important is that of beet-root sugar; but there are also ma- 
nufactured broad cloth, bricks, tiles, pottery, porcelain, 
leather, cordage, paper, beer, glass, and other articles. 
The trade is considerable in the produce of the manufac- 
turing industry, and in grain, fruits, cider, and timber. 
The means of internal communication consist of the three 
rivers, Oise, Aisne, and Ourcq, navigable in this depart- 
ment for 82 miles; two canals, 21 miles in length; a rail- 
way traversing the department for 43 miles ; and numerous 
roads. Oise forms the diocese of the Bishop of Beauvais ; 
includes 4 courts of primary jurisdiction, 2 courts of com- 
merce, 3 communal colleges, and 841 primary schools. 
It returns three members to the legislative assembly. The 
capital is Beauvais, and the department is divided into four 
arrondissements as follows 

Cantons. Commnnes. Pop. (1856). 


Beauvais 12 216 128,721 

Clermont 8 145 89,413 

Compiegne 8 149 95,002 

Senlia 7 126 82,949 


Total 35 636 396,085 


OKA, a river of European Russia, rises in the govern- 
ment of Orel, and flows N.E. through those of Tula, 
Kaluga, Moscow, Riazan, Vladimir, and Nijni-Novgorod. 
After a course of about 600 miles, it falls into the Volga at 
the town of Nijni-Novgorod. It is navigable as far as Orel, 
and is of great commercial importance, as affording an easy 
means of communication for the produce of the different 
regions on its banks. The country that it waters is the 
most fertile portion of the Russian empire, and has an area 
of 127,000 square miles. It receives numerous tributaries ; 
of which the most important are the Upa, Jizdra, Nara, 
Moskva, Tzna, and Kliasma. 

OKAMANDAL, a small district of British India, in 
the presidency of Bombay, and province of Guzerat, form- 
ing the north-western portion of the peninsula of Katty- 
Vi^ar, It is separated from the mainland by a runn or salt 
marsh, extending from the Gulf of Cutch, in a S.W. direc- 
tion to Mudhe, where it is separated from the sea by a 
narrow sand-bank, which is altogether covered during high 
tides. The area of the district is estimated at 334 square 
miles ; and the length of the coast-line is about 75 miles. 
The north-western extremity forms a bold headland, which 
is indented on the N. side by the harbour of Beyt, pro- 
tected by an island of the same name at its mouth. This 
district, on account of its favourable situation for molesting 
the commercial navigation of the Indian Ocean, was for a 
long time a favourite haunt of pirates ; but their lawless 
depredations have been completely put down by the British 
government. The soil of Okamandal is quite barren ; and 
the only articles of commerce yielded by the district are the 
sanltli or conch-shells, which were formerly used as war 
trumpets by the Rajpoots ; but their principal use is now 
by the Brahmins for religious purposes. The district con- 
tains 43 villages, and a population estimated at 12,590. 

O’KEEFFE, JoHK, a popular dramatist, was born at 
Dublin in 1747. Though educated for a painter, he exhi- 
bited from an early age a decided passion for the drama- At 
the age of sixteen he had composed a play ; at the age of 
eighteen he wrote a comedy, which was acted on the stage ; 
and shortly afterwards he became a member of the com- 
pany of the Smock-alley Theatre, Dublin. * His active 
brain, however, did not find scope enough in the position of 
a mere player. While performing at the Irish capital, or 
strolling during the summer through the provinces, he pro- 
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duced several little pieces which met with success on the Oken. 
stage. At length, in 1778, his farce entitled Tony Lump- \ 
kin in Town, was played with applause at the Hay market ; , 
and the career of a dramatist was opened uf) to O’Keeffe. 
Abandoning the profession of an actor, and settling in 
London in 1781, he commenced, amid an increasing attack 
of blindness, to support his family by bis pen. Comedies 
and operatic farces followed each other in quick succession, 
and were variously brought out by Colman of the Hay- 
market, and Harris of Covent Garden. Their genial and 
vivacious sentiment, and broad and whimsical humour, atoned 
for their poverty of incident and want of individual cha- 
racters ; the great majority of them had a long run of suc- 
cess ; and many of them were acted over again at the com- 
mand of Royalty. It was about 1798 that O’Keeffe, then 
almost blind, ceased to have connection with the stage. The 
rest of his life was spent under pecuniary embarrassments. 

An edition of 21 of his plays, which was published in 1798, 
scarcely paid the expenses ; and a small annuity, which he 
bought in 1800, and two royal pensions, which were respec- 
tively conferred upon him in 1803 and 1826, afforded him 
but an inconsiderable pittance. His death took place at 
Southampton in 1833. O'Keeffe, during his long life, had 
produced no fewer than 68 plays. Of these, Wild Oats^ 

The Agreeable Surprise, The Poor Soldier, The Highland 
Reel, and some others, still retain their footing on the stage, 
{Recollections of the Life of John O’Keeffe, written by him- 
self, in 2 vols. London, 1 826.) 

OKEN, Lorenz. Under this name the great natu- 
ralist of the transcendental or deductive school is com- 
monly known ; but his real name was “ Lorenz Ockenfuss,” 
under which he was baptized at Bohlsbach, Wiirtemberg, 
being born in that small Suabian village on the 1st of 
August 1779. As “Ockenfuss” he was entered at the 
natural history and medical classes in the university of 
Wurzburg; whence he proceeded to that of Gottingen, 
where he became a private teacher, and abridged his name 
to “ Oken.” As Lorenz Oken, he published, in 1 802, his 
small work entitled Grundriss der Naturphilosophie, der 
Theorie der Sinne,und der darauf gegrundeten Classifica- 
tion der Thiere, 8vo. 

This is the first of the series of works which placed Oken 
at the head of the “ natur-philosophie ” or physio-philo- 
sophical school of Germany. In it he extended to physical 
science the philosophical principles which Kant had applied 
to mental and moral science. Oken had, however, in this 
application, been preceded by Fichte, who, acknowledging 
that the materials for a universal science had been dis- 
covered by Kant, declared that nothing more was needed 
than a systematic co-ordination of these materials ; and this 
task Fichte undertook in his famous Doctrine of Science 
(Wissenschafts-lehre), the aim of which was to construct 
d priori all knowledge. In this attempt, however, Fichte 
did little more than indicate the path ; it was reserved for 
Schelling fairly to enter upon it, and for Oken, following 
him, to explore its mazes yet farther, and to produce a 
systematic plan of the country so surveyed. 

In the Grundriss der Naturphilosophie of 1802, Oken 
sketched the outlines of the scheme he afterwards devoted 
himself to perfect. The position advanced in that remark- 
able work, and to which he ever after professed himself to 
adhere, is this, — “ that the animal classes are virtually no- 
thing else than a representation of the sense-organs, and 
that they must be arranged in accordance with them.” 
Agreeably with this idea, Oken contends that there are 
only five animal classes : — 1. The Dermatozoa, or Inverte- 
brata ; 2. the Olossozoa, or Fishes, as being those animals 
in which a true tongue makes, for the first time, its appear- 
ance ; 3. the Rhinozoa, or Reptiles, wherein the nose opens 
for the first time into the mouth and inhales air ; 4. the 
Otozoa, or Birds, in which the ear for the first time opens 
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Oken. externally; and 5. the Ophthalmozoa^ or mammals, in 
which all the organs of sense are present and complete, the 
eyes being movable and covered with two lids. 

In 1805 Oken made another characteristic advance in 
the application of the a priori principle, by a book On 
Generation {Die Zeugung^ Frankfl, 8vo), wherein he main- 
tained the proposition that all organic beings originate 
from, and consist of, vesicles or cells. These vesicles, when 
singly detached and regarded in their original process of 
production, are the infusorial mass or protoplasma (ur^ 
schleim\ from whence all larger organisms fashion them- 
selves, or are evolved. Their production is therefore no- 
thing else than a regular agglomeration of infusoria ; not, of 
course, of species already elaborated or perfect ; but of 
mucous vesicles or points in general, which first form them- 
selves by their union or combination into particular species.” 

This doctrine is strikingly analogous to the generalized 
results of the ablest microscopical observations on the de- 
velopment of animal and vegetable tissues which have been 
prosecuted of late years. 

One year after the production of this remarkable treatise, 
Oken advanced another step in the development of his 
system; and in a volume published in 1806, in which 
Keiser assisted him, entitled, Beitragen zur Vergleichenden 
Zoologie^ Anatomic^ undPhgsiologie, he demonstrated that 
the intestines originate from the umbilical vesicle, and that 
this corresponds to the vitellus or yolk-bag. Caspar Frie- 
drich Wolff had previously proved this fact in the chick 
but he did not see its application as evidence of a general 
law. Oken showed the importance of the discovery as an 
illustration of his system. In the same work Oken de- 
scribed and re-called attention to the corpora Wolffianay 
or “ primordial kidneys,” as they are now termed and re- 
cognised. At this period, the enlightened Duke of Weimar 
and the poet Goethe (who repaid the friendship of his prince 
by the reflection of his own undying renown), were bringing 
to perfection the plan of general education for the grand- 
duchy. The university of Jena, under these auspices, had 
been rapidly rising to pre-eminence; not through the wealth 
of its endowments or by any artificial excitement, but 
through the celebrity of the professors and members, whose 
noble aspirations were stimulated by the encouraging eye of 
the prince, and the observant care of his minister for educa- 
tion. Under these auspices had been fostered a Griesbach, 
Fichte, Shelling, Feuerbach, the two Humboldts, Hufeland, 
and Schlegel. 

The reputation of the young privaUdocent of Gottingen 
had reached the ear of Goethe, and in 1807 Oken was in- 
vited to fill the office of Extraordinary Professor of the 
Medical Sciences” in the university of Jena, He accepted 
the call, and selected for the subject of his Inaugural dis- 
course,” his ideas on the Signification of the bones of the 
skull,” based upon a discovery he had made in the previous 
year. This famous lecture was delivered in the presence of 
Goethe, as privy-councillor and rector of the university, and 
was published by the young professor in the same year, with 
the title, Ueher die Bedeutung der Schadelknochen^ ein 
Programm heim Antritt der Professwr an der GesammU 
Universitat zu Jena^ 4to, 1807., .Of the relation of this essay 
to the vertebral theory of the skull, we shall subsequently 
ofier a few remarks. 

With regard to the origin of the idea, Oken naiTates in 
his Isis, that, walking one autumn-day in 1806, in the 
Hartz forest, he stumbled upon the blanched skull of a deer, 
picked up the partially dislocated bones, and, contemplating 
them for a while, the truth flashed across his mind, and he 
exclaimed, “ It is a vertebral column ! ” At a meeting of 
the German naturalists, held at Jena, some years after- 
wards, Professor ICieser gave an account of Oken’s dis- 
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covery in the presence of the grand-duke, which account is Oken. 
printed in the Tagehlatt, or “ proceedings, ”of that meeting. 

The professor states that Oken communicated to him his 
discovery when journeying in 1806, to the Isle of Wan- 
geroog. On their return to Gottingen, Oken explained his 
ideas by reference to the skull of a turtle in Kieser’s col- 
lection, which Oken disarticulated for that purpose with 
his own hands, “ It is with the greatest pleasure,” writes 
Kieser, that I am able to show here the same skull, after 
having it thirty years in my collection. The single bones 
of the skull are marked by Oken’s own hand- writing, which 
may be so easily known.” There was a cause, as we shall 
presently see, for this circumstantial testimony. 

Oken having delivered and printed his Introductory 
Lecture in 1807, informs us, in the heft vii. of his Isis, that 
he presented copies to Goethe and to other members of the 
grand-duke’s government, “ Goethe was so pleased with 
my discovery as to invite me to stay with him duidng the 
Easter week of 1808 in his house at Weimar, which invita- 
tion I accepted.” 

The range of Oken’s lectoes at Jena was a wide one, 
and they were highly esteemed. They embraced the sub- 
jects of natural philosophy, general natural history, zoology, 
comparative anatomy, the physiology of man, of animals, 
and of plants. The spirit with which the professor grappled 
with the vast scope of science is characteristically illustrated 
in his essay Ueher das Vniversum als Fortsetzung des 
Sinnensystems, 4to, 1808. In this work he propounds 

that organism is none other than a combination of all the 
universe’s activities within a single individual body.” This 
doctrine led him to the conviction “ that world and organism 
are one in kind, and do not stand merely in harmony with 
each other.” 

In the same year he published his Brste Ideen zur 
Theorie des Liohts, &c., in which he advanced the proposi- 
tion, that light could be nothing but a polar tension of 
the ether, evoked by a central body in antagonism with 
the planets ; and that heat was none other than the motion 
of this ether.” Here Oken may be said to have anticipated 
the doctrine of the correlation of physical forces.” ‘ 

In 1809, he extended his system to the mineral world, 
arranging the ores, not according to the metals, but agree- 
ably to their combinations with oxygen, acids, and sulphur. 

In 1810 Oken summed up his several views on organic and 
inorganic natures into one compendious system. The first 
edition of his Lekrbuch der Naturphilosophie appeared in 
that and the following years, in which he sought to bring 
his several doctrines into mutual connection, and to “ show 
that che mineral, vegetable, and animal kingdoms are not 
to be arranged arbitrarily in accordance with single and iso- 
lated characters, but to be based upon the cardinal organs 
or anatomical systems, from which a firmly-established num- 
ber of classes would necessarily be evolved ; that each class, 
moreover, takes its starting point from below, and conse- 
quently that all of them pass parallel to each other.” That, 

“ as in chemistry, where the combinations follow a definite 
numerical law, so also in anatomy, the organs — in physio- 
logy, the functions — in natural history, the classes, families, 
and even genera of minerals, plants, and animals — present 
a similar arithmetical ratio.” 

Three editions of this extraordinary book have appeared, 
each more fully elaborated than the former. An epitome 
of the work will presently be given. In continuing the 
personal history of the author of the Naturphilosophie, we 
may first mention that, on Goethe’s recommendation, Oken 
was honoured, on the publication of the first edition of the 
Lehrhuck in 1810, with the title of “ Hof-rath,” or court- 
councillor. In 1812 he was appointed ordinary professor 
of natural sciences” in the university of Jena.” 


^ Theoria Oenerationis, 8vo, 1774. 
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Oken. In 1816 he commenced the publication of his well-knovyn 
periodical, entitled Isisj ein JEnc^clopddische Zeitschrift^ 
voTZuylich fiir NatuTgescJiichtey vergleichends A.ifi(itoMie und 
Phjsiologie, 4to. Jn this journal not only appeared essays 
and notices on the natural sciences, but on other subjects of 
interest; poetry, and even comments on the politics of 
other German states, were occasionally admitted. This led 
to representations and remonstrances from the governments 
criticized or impugned, and the court of Weimar gave Oken 
the alternative of "suppressing the Isis, or of resigning his 
professorship. He chose the latter. The publication of 
the Isis at Weimar was prohibited. Oken made arrange- 
ments for its issue at Rudolstadt, and this continued unin-, 
terruptedly until the year 1848. 

The independent spirit manifested by Oken excited his 
courtly enemies to harsher measures. An accusation was 
preferred against Oken as a member of a forbidden “secret 
democratic society f he stood his trial and was acquitted. 
He thereupon retired for a while into private life, occupying 
himself with the editorship of the Isis, and with his scientific 
works. Amongst these may be cited the Lehrbuck der 
Naturgesehichte, 1815-1825 ; his Eandbuch der Natur- 
geschichte zum Gebrauck heij Vorlesungen^ 1816-1820 ; 
and his Naturgeschichte filr Schulen, 8vo, 1821. In these 
manuals Oken considered that he had arranged for the 
first time the genera and species in accordance with the only 
true or physio-philosophical principles; stating briefly every- 
thing of vital importance respecting them ; and that it was 
the first attempt to frame a truly scientific history of nature. 

In 1821 Oken promulgated, in his Isis, the first idea of 
the annual general meetings of the German naturalists 
and medical practitioners, which happy idea was realized 
in the following year, when the first meeting was held at 
Leipzig in 1822. They have been continued ever since in 
Germany; and similar annual scientific gatherings have 
been adopted in other countries, of which the “ British As- 
sociation for the Advancement of Science” is an instance, 
avowedly, at its origin, organized after the German or 
Okenian model. The writer of the present notice at- 
tended the German annual meeting at Freiburg in 1838, 
and heard a fervid extempore address by Oken of upwards 
of an hour’s duration, in which the rare eloquence of the 
gifted man, and the sympathy and respect of his country- 
men for the orator, were strikingly manifested. 

In 1828 Oken resumed his original humble duties as 
“ private teacher” in the newly-established university of 
Munich ; and soon afterwards he was appointed “ ordinary 
professor” in the same university. In 1832, on the proposi- 
tion by the Bavarian government to transfer Oken to a 
professorship in a provincial university of the state, he re- 
signed his appointments and left the kingdom. 

Switzerland has the honour of affording the final place of 
refuge, with means of an independent pursuit of science, to 
this philosophic and patriotic naturalist. Oken was ap- 
pointed in 1833 to the professorship of natural history in the 
then recently-established university of Zurich. There he 
continued to reside, fulfilling his professional duties and 
promoting the progress of his favourite sciences, to the 
period of his demise, in the seventy-second year of his age. 

Oken’s pki- ^ In. his Lehrbuch der Eaturphilosophie, of which a transla- 
losophy. tion of the last edition, by A. Tulk, Esq., has been published 
by the Ray Society, under the title of Elements of Physio- 
philosophy, Oken begins by asserting that philosophy, as the 
science which embraces the principles of the universe or world, 
is only a logical conception ; but it may conduct to the real 
conception. Thus the mathematics are principles (or a philo- 
sophy) of which the universe is the reality. “ The world con- 
sists of two parts— one apparent, real, or material ; the other 
spiritual. Hence there are two divisions 
ot p^tiilosophy,— viz., pneumato- and physio-phfiosophy.” 

The latter is the subject of this treatise. 

Its object is “to show how, and in accordance with what 


laws, the material took its origin ; to portray the first periods 
of the world’s development from nothing; how the elements 
and heavenly bodies originated ; in what method by self- 
evolution into higher and manifold forms they separated into 
minerals, became finally organic, and in man attained self- 
consciousness.” Physio-philosophy is, therefore, in fact, the 
history of creation, a name under which it was taught by the 
most ancient philosophers, — viz., as “cosmogony.” 

Man, being the crown of nature’s development, must com- 
prehend every thing that has preceded him. “ In a word, man 
must represent the whole world in miniature.” Hence the 
laws of spirit are not difterent from the laws of nature — ^both 
are transcripts of each other. 

Physio-philosophy, therefore, is more important than pneu- 
mato-philosophy, because nature is antecedent to the human 
spirit. 

And the whole of philosophy consists in the demonstration 
of the parallelism that exists between the activities of nature 
and of spirit. 

But inasmuch as the spiritual existed before the real, and 
gave it birth, physio-phiiosophy must commence from the 
spirit. 

It is divided into three parts : the first, treating of spirit and 
its activities ; the second, of the individual phenomena or things 
of the world ; the third, of the continuous operation of spirit 
in the individual things. 

It would be impossible, within the limits of this article, to 
follow Oken through his extraordinary development of the 
science he has thus described. Every sentence is a link in the 
chain of argument, which could not be extracted so as to be in- 
telligible, nor would it endure further condensation. It must 
suffice to state that he traces, agreeably "with diis system, the 
evolutions of every form of being, organic and inorganic, in a 
regular series, from the simple element to the most complex 
shapes. “Polarity is the first force which appears in the 
world.” “Galvanism is the principle of life,” “the vital 
force.” “The galvanic process,” he says, “ is one with the 
vital process.” “ There is no other vital force than the gal- 
vanic polarity.” Oken, then, contends that organism is gal- 
vanism, residing in a thoroughly homogeneous mass. A gal- 
vanic pile, pounded into atoms, must become alive. In this 
manner nature brings forth organic bodies. The basis of 
electricity is the air ; of magnetism, metal ; of chemism (the 
name he gives to the influence that produces chemical combina- 
tion), salts. The basis of galvanism, in like manner, is the 
organic mass. Accordingly, whatever is organic is galvanic ; 
whatever is alive is galvanic. Life, organism, galvanism, are 
one. Life is the vital process ; the vital process is an organic 
or galvanic process. Galvanism is the basis of all the processes 
of the organic w^orld. 

At the creation God created a mass of organisms of no larger 
size than an infusorial point. Whatever is larger lias not been 
created but developed. “ So,” says Oken, “ the Bible teaches 
us.” God did not make man out of nothing, but took an 
elemental body then existing, an earth-clod or carbon, moulded 
it into form, thus making use of winter, and breathed into it 
life, — ^viz., air, whereby galvanism or the vital process arose.” 

Organization is produced by the co-operating influence of 
light and heat. “ The ether imparts the substance, the heat 
the form, the light the life.” 

The life of an inorganic body is a threefold action of the 
three terrestrial elements, in which three processes galvanism 
consists. The mitrieut process is magnetic, present and en- 
tire in every part of the body, and wheresoever it is withdrawn 
there is death. It operates according to the laws of crystalliza- 
tion. The digestive process acts according to the laws of 
chemism, which is not only the process of liquefaction, hut the 
process of formation or creation of new organic matter. The 
digestive process converts the inorganic to the organic mass. 
It is the formation of mucus. The chyle is strictly a mucus. 
Into mucus the air finally settles down by the process of oxida- 
tion, called the respiratory process. By this the juices emerge 
from their state of indifference, by which each point of the juice 
becomes polar towards every other ; all are mutually attracted, 
all repelled, and thereby a decided circulation-motion is 
originated. 

Every globule of sap or mucus is per se indifferent. It has, 
therefore, a natural affinity for each of the three elements 
comprehended in the organism. By respiration it is united 
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Oken. to the element air, by digestion to the element water, by 
^ nutrition to the element earth. These three processes consti- 
tute the galvanic process. Thus the galvanic circle is com- 
plete, and motion is the manifestation of galvanism. The pro- 
cess of motion is synonymous with the galvanic process — ^this 
is the vital process. 

The distinction between the organic and the inorganic is 
self-motion. The organic is destroyed so soon as motion dis- 
appears in it ; the inorganic is destroyed so soon as motion 
enters it. 

The above will serve as an idea of the spirit of the work, 
and of the author’s style and treatment of the most recon- 
dite questions. We now return to Oken’s essay on the 
Signification of the Bones of the Head, on which, perhaps, 
his reputation as an original discoverer is best founded. 

Tliere nevertheless still prevails confusion, or indistinct- 
ness of ideas, in the opinions set forth relative to Oken’s 
claims to, or share in, the discovery of the vertebral nature 
and airangeraent of the bones of the skull. 

All Oken’s writings are eminently deductive illustrations 
of a foregone and assumed principle, which, with other 
philosophers of the transcendental school, he deemed equal 
to the explanation of all the mysteries of nature. 

According to Oken, the head was a repetition of the 
trunk — a kind of second trunk, with its limbs and other 
appendages ; this sum of his observations and comparisons 
— few of which he ever gave in detail — ought ever to be 
borne in mind in comparing the share taken by Oken in 
homological anatomy with the progress made by other cul- 
tivators of that philosophical branch of the science. 

The idea of the analogy between the skull, or parts of the 
skull, and tlie vertebral column, had been previously pro- 
pounded and ventilated in their lectures by Autenreitli and 
Kielmeyer, and in the writings of Jean-Pierre Frank. By 
Oken it was applied chiefly in illustration of the mystical 
system of Schelling — the all-in-all and all-in-every-parL 
From tlie earliest to the latest of Oken’s writings on the 
subject, the head is a repetition of the whole trunk with 
all its systems. The brain is the spinal chord ; the cranium 
is the vertebral column ; the mouth is intestine and abdo- 
men ; the nose is the lungs and thorax ; the jaws are the 
limb.s ; and the teeth the claws or nails.” Spix, in his folio 
Cephologenesis, 1818, richly illustrated comparative crani- 
ology, but presented the facts under the same transcenden- 
tal guise ; and Cuvier ably availed himself of the extra- 
vagancies of these disciples of Schelling to cast ridicule on 
the whole inquiry into those higher relations of parts to 
the archetype, which Professor Owen has called “ general 
homologies.” M. Spix,” Cuvier writes, makes this 
bone, which I call ' posterior frontal,’ the * scapula ’ of the 
upper limb of the head ; and M. Oken, according to the 
same mystical language, makes it the ‘ merry thought’ {four- 
chette) of the upper limb of the head ; for it must be re- 
marked, that the Philosophy of Nature, in pretending to 
find again in the head all the parts of the trunk, acts so 
arbitrarily, that each of those who would apply it employ 
these strange denominations in a different manner” 

“ Cet humerus de la tete de M. Oken devient pour M. 
Spix le pubis de cette meme t§te, ou, pour parler un langage 
intelligible, un des osselets de I’ouie,” ^ 

The vertebral theory of the skull had practically disap- 
peared from anatomical science when the labours of Cuvier 
drew to their close. It needs only to refer to the works of 
his chief pupils and successors, Milne-Edwards, John 
Muller {Physiologie), Wagner {Lehrhuch der Zootomie), 
or Agassiz (Poissons Fossiles), to have sufficient evidence 
of that fact. In Owen’s Archetype and Homologies of 
the Vertehrate Skeleton, the idea of the vertebral structure 
of the skull was not only revived but worked out for the 
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first time inductively, and the theory riglitly stated, as Oken. 
follows : — ‘‘ The head is not a virtual equivalent of the trunk, 
but is only a portion, e.e., certain modified segments of the 
whole body. The jaws are the Mioemal arches’ of the first 
two segments; they are not limbs of the head.” — (P. 176.) 

Vaguely and strangely, however, as Oken had blended 
the idea with his d priori conception of the nature of the 
head, the chance of appropriating it seems to have overcome 
the moral sense— -the least developed element in the spiritual 
nature — of Goethe, unless the poet deceived himself. 

Comparative osteology had early attracted Goetiie’s at- 
tention. In 1786 he published his essay Ueher den 
Zwisckenchiefer den des Menschen und der Thieve, 4to, 

Jena, showing that the intermaxillary bone existed in man 
as well as in brutes. Not a word in this essay gives the 
remotest hint of his having then possessed the idea of the 
vertebral analogies of the skull. 

In 1820 (Morphologie, i., 2, p. 250), Goethe first publicly 
stated that thirty years before the date of that publi- 
cation he had discovered the secret relationship between 
the vertebrae and the bones of the head, and that he had 
always continued to meditate on this subject. The circum- 
stances under which the poet, in 1820, narrates having be- 
come inspired with the original idea, are suspiciously ana- 
logous to those described by Oken in 1807, as producing 
the same effect on his mind. A bleached skull is acciden- 
tally discovered in both instances ; in Oken’s it was that of 
a deer in the Harz Forest ; in Goethe’s it was that of asheep 
picked up on the shores of the Lido, at Venice. Mr Buckle, 
in his discourse “ On the Influence of Women in the Pro- 
gress of Knowledge” — Fraser^ s Magazine, April 1858, p. 

402, states : — “Goethe, strolling in a cemetery near Venice, 
stumbled upon a skull which was lying before him. Sud- 
denly the idea flashed across his mind that the skull was 
composed of vertebrae ; in other words, that the bony cover- 
ing of the head was, simply an expansion of the bony cover- 
ing of the spine. This luminous idea was afterwards adopted 
by Oken and a few other great naturalists in Germany and 
France, but it was not received in England till ten years 
ago, when Mr Owen took it up, and in his very remarkable 
work on the Homologies of the Vertebrate Skeleton, showed 
its meaning and purpose as contributing tovvards a general 
scheme of philosophic anatomy.” This reproduction of a 
disparaging statement respecting Oken necessitates the fol- 
lowing summary of the facts : — 

It may be assumed that Oken, when a private teacher at 
Gottingen in 1806, knew nothing of this unpublished idea 
or discovery of Goethe ; and that Goethe first became aware 
that Oken had the idea of the vertebral relations of the 
skull when he listened to the Introductory Discourse in 
which the young professor, invited by the poet to Jena, 
selected this very idea for its subject. It is incredible that 
Oken, had he adopted the idea from, or been aware of an 
anticipation by, Goethe, should have omitted to acknowlege 
the source — should not rather have eagerly embraced so 
appropriate an opportunity of doing graceful homage to the 
originality and genius of his patron. 

The anatomist having lectured for an hour, plainly un- 
conscious of any such anticipation, it seems hardly less in- 
credible that the poet should not have mentioned to the 
young lecturer his previous conception of the vertebro- 
cranial theory, and the singular coincidence of the accidental 
circumstance which he subsequently alleged to have pro- 
duced that discovery. On the contrary, Goethe permits Oken 
to publish his famous lecture, with the same unconscious- 
ness of any anticipation as when he delivered it ; and Oken, 
in the same state of belief, transmits a copy to Goethe, who 
thereupon honours the professor with special marks of atten- 


^ Ossemens Fossiles, 4to, 1824, tom. v., pt, ii., pp. 75-85, quoted in an able article in the Quarterly Review, vol. xciil., in which the his- 
tory of the Discoveries of the Archetype and Homologies of the Vertebrate Skeleton is briefly but convincingly discussed, pp. 70-80. 
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Oken, tion, and an invitation to his house. No hint of any claim 
of the host is given to the guest ; no word of reclamation 
in any shape appears for some years. In Goethe^s Tag 
und Jahres Hefte, he refers to two friends, Riemer and 
Voigt, as being cognizant in 1807, of his theory. Why did 
not one or other of these make known to Oken that he had 
been so anticipated ? ‘‘I told my friends to keep quiet,’’ 

writes Goethe in 1825! Spix, in the meanwhile, in 1815, 
contributes his share to the development of Oken’s idea 
in his Cephalogenesis. Ulrich follows in 1816 with his 
SchiMkrotenschCidel; next appears the contribution, in 
1818, by Bojanus, to the vertebral theory of the skull; 
amplified in the Paragon to that anatomist’s admirable 
Amtome Testudinis EuropcBCB^ foL, 1821. And now, for 
the first time in 1818, Bojanus, visiting some friends at 
Weimar, there hears the rumour that his friend Oken 
had been anticipated by the great poet. He communicates 
it to Oken, who, like an honest man, at once published the 
statement made by Goethe’s friends in the Isis of that year 
(see p. 509), offering no reflection on the poet, but re- 
stricting himself to a detailed and interesting account of 
the circumstances under which he himself had been led, 
independently, to make his discovery, when wandering 
in 1806 through the Hercynian forest. It was enough 
for him thus to vindicate his own claims; he abstains 
from any comment reflecting on Goethe ; and maintained 
the same blameless silence when Goethe ventured for the 
first time to claim for himself, in 1820, the merit of 
having entertained the same idea, or made the discovery, 
thirty years previously. Such an idea may have occurred 
to him at that time; in 1807 Goethe may have deter- 
mined to keep silence on the matter, and have permitted 
Oken to reap undisturbed the honour of the discovery; 
for the poet must then, at least, have been convinced 
that the young professor had made it independently. 
But this generous hypothesis is incompatible with Goethe’s 
later reclamation. In this he not only ascribes the dis- 
cover}’ to himself, but writes, ‘‘ In the year 1807 this theory 
appeared tumultuously and imperfectly before the public.” 
By tumultuously ” Goethe signifies his recollection of the 
applause with which Oken’s audience received the first 
announcement of the theory. What is worse, Goethe 
apathetically permitted, to say the least, some of his wor- 
shippers to undermine the moral character of Oken in re- 
ference to this cranio-vertebral hypothesis. 

In 1836 an anonymous statement appeared in the 
Allgemeine Zeitung^ to the effect that Oken had stolen the 
idea of the vertebral nature of the skull from Goethe. Oken, 
with German bluntness, replied in the same journal, that 
his nameless accuser “was a liar and calumniator.”^ The 
accuser was silent. 

The German naturalists held their annual meeting that 
year at Jena, and there Professor Kieser publicly bore 
testimony, from personal knowledge, to the circumstances 
and dates of Oken’s discovery. Neither Goethe nor any 
of his friends had ' a word to offer on the subject. Yet 
the poet continued to permit his flatterers from time to time 
to ascribe to him the merit of the discovery; and again, in 
1824, he claimed it for himself, with the contemptuous allu- 
sion, above cited, to the Introductory Lecture of 1807, 
but without mentioning Oken’s name. Goethe did not 
dare directly to impute plagiarism to Oken, who thereupon 
consistently kept silent. At length, in the edition of 
Hegel’s works by Michelet, 8vo, Berlin, 1842, there 
appeared the following paragraph, p. 567 : — “ The type- 
bone is the dorsal vertebra, provided inwards with a hole, 
and outwards with processes, every bone being only a mo- 
dification of it. This idea originated with Goethe, who 
worked it out in a treatise written in 1785, and published it 
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in his Morphologies 1820, p. 162. OAew, to xohom the Oken. 
treatise was communicated^ has pretended that the idea was 
his own property^ and has reaped the honour of it^ This 
accusation again called out Oken, who thoroughly refuted 
it in an able, circumstantial, and temperate statement, in 
heft vii. ofthe/^w, 1847. Goethe’s osteological essay of 
1785, and the only one he printed in that century, is on a 
different subject. In the Morphologic of 1820-24, Goethe 
distinctly declares that he had never published his ideas 
on the vertebral theory of the skull. He could not, there- 
fore, have sent any such essay to Oken before the year 1807. 

Oken, in reference to his previous endurance of Goethe’s 
pretensions, states, that “ being well aware that his fellow- 
labourers in natural science thoroughly appreciated the true 
state of the case, he confided in quiet silence in their judg- 
ment. Meckel, Spix, Ulrich, Bojanus, Carus, Cuvier, 

Geoflxy St Hilaire, Albers, Straus-Durckheim, Owen, 

Kieser, and Lichtenstein, had recorded their judgment in 
his favour and against Goethe. But upon the appearance of 
the new assault in Michelet’s edition of Hegel, he could no 
longer remain silent.” 

A recent biographer of Goethe asks, “ why did not Oken 
make the charge of plagiarism during Goethe’s lifetime ?”^ 

The answer is, that he at no time made such charge. He 
left Goethe’s affirmations for what they were worth, and 
to produce such effect as they might with the competent 
historians of science. It was possible that Goethe had 
stated a truth: he might only have been uncandid and un- 
generous. But that did not make Oken the less an original 
discoverer. Only when he was charged with plagiarism did 
he enter into the question with the view of honest self- vindi- 
cation, and that both before and after Goethe’s death. 

As to the question of the superiority of the deductive 
over the inductive method in philosophy, as illustrated by 
the writings of Oken. His bold axiom, that heat is but a 
mode of motion of light,— and the idea broached in his essay 
on Generation (1805), viz., that “ all the parts of higher 
animals are made up of an aggregate of infusoria or ani- 
mated globular monads,” — are both of the same order as his 
proposition of the head being a repetition of the trunk, with 
its vertebrae and limbs. Science would have profited no 
more from the one idea without the subsequent experimen- 
tal discoveries of Oersted and Faraday; or by the other 
without the microscopical observations of Brown, Schleiden, 
and Schwann ; than from the third notion without the in- 
ductive demonstration of the segmental constitution of the 
skull by Owen. 

It is questionable, indeed, whether in either case the dis- 
coverers of the true theories were excited to their labours, 
or in any way influenced, by the h priori guesses of Oken ; 
more probable is it that the requisite researches and genuine 
deductions therefrom, were the results of the correlated 
fitness of the stage of the science, and the gifts of its true 
cultivators at such particular stage. 

Oken’s real claims to the support and gratitude of natu- 
ralists rest on his appreciation of the true relations of natural 
history to intellectual progress, of its superior teachings to 
the mere utilitarian applications of observed facts, of its in- 
trinsic dignity as a science. 

To natural history thus worthily comprehended Lorenz 
Oken devoted his whole time and energies up to his last 
illness, which closed his career at Zurich, on the 11th 
of August 1851. A fine statue of the philosopher, by Drake 
of Berlin, has been erected to his honour in the university 
of Jena, where he first publicly taught. 

We give a list of Oken’s chief works and original essays : 

1. Grundriss der Naturphilosophie, der Theorie der Binne 
und der daraufgegrundeteu Classification der Thiere. Frankf. 

1802, 8®. 2. Die Zeugung. Frankf. 1805, 8®, 3. Ahrisa 


^ ** Einen Lugner, Yerlaumker und Ehrahschneider,” JlWj. J une 20* 2 Lewes, ii/e and TTorifes o/ 8vo, 1855, voL ii., p. 159. 
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der Biologie. Gottingen, 1805, 8°. 4. TJeber die Bedeutimg der 
Schadelknochen, ein Programm beim Antritt der Frofessur 
m Jena, Frankf. 1807, 4°. 5. IJe'ber das Universum als Fort- 
setznngdes Sinnensystems. Jena, 1808.4°. 6. Erste Ideen 
zur Theorie des Lichts, der Finstemiss, der Farken, nnd der 
Warme. Jena, 1808, 4°. 7. Grundzeicknung des naturlicken 
Systems der Erze. Jena, 1809, 4°. 8. Ueberden Wertbder 
Naturgescbicbte. Jena, 1809, 4°, 9. Lebrbucli der Natur- 
pbilosopbie. 3 vols, Jena, 1809-11. — ^Ed. 2, Jena, 1831. — 
Ed. 3, Zurich, 1843. — Elements of FTiysio-^philosophy : 
Bay Society. 8°. London, 1847- 10. Lehrbuch der Natur- 
geschichte. Leipz. 1813. — Weimar, 1815, 1825, 8°. fig, 11. 
Isis. 12. Handbuch der Naturgeschichte zum Gebrauch bey 
Vorlesungen. Niirnb. 1816-20, 8°. 13. Naturgeschichte fur 
Schulen. Leipz. 1821, 8°. fig. 14. Esquisse d’un Syst^me 
d’Anatomie, de Physiologic, et d’Histoire Naturelle. Paris, 
1812, 8°. 15. Angemeine Naturgeschichte. Stuttg. 1833-42, 
14 vols. 8o. fig. — Wiegm. Arch. 1835, 1, p. 7- 16. Idees sur 
la Classification des Animaux. — ^Ann. Sc. n. (2® S) XIV. p. 247. 
17. Das Thierreich. Stuttg. 1836-38, 4 vols. 8°. Atl. fol. 18. 
Idee suUa Classificazione filosofica dei tre Begni della Natura. 
— ^11 Politecnico, Milano, III. 1840, pp. 8, 28. — ^Ann. Sc. Nat. 
ser. 2, XIY.p. 247. 19. Fortpflanzung der Wasserschnecken 
ohne Paarong.' — Isis, 1817, p. 320. 20. CJeber Geschlecht und 
Gattung. — Isis, 1817, p. 465. 21. Aufenthalt der Meerwtirmer 
und Anatomie von Arenicola piscatorum, — Isis, 1817, p. 466, 
fig. 22. Beisefragen. — Isis, 1817, p- 537. 23. Ueber Proteus 
anguinus und die durchgehenden Naslbcher als Character der 
Amphibien. — Isis, 1817, p- 641, fig. ; 1821, p.271. ^ 24. Nach- 
trag liber die Bedeutung der Schadelknochen. — Isis, 1817, p. 
1204; 1818, p. 510; 1823, pp. 353, 401 ; 1837, p. 575. 25. 

Nachtrag fiber die Entstehung der Darme aus dem Nabelblas- 
chen. — Isis, 1818, p. 59. 26. Bedeutung der Knochen des Cro- 
codillschadels und der Nasenbeine der Vogel. — ^Isis,1818, p.278. 
27. Ueber die Farben der Blumen.^ — Isis, 1818, p, 472. 28. 
Die Fresswerkzeuge der Insecten entsprechen den Ffissen. — 
Isis, 1818, p. 477, fig. 29. Verzeichniss der entomologischen 
Literatur von 1790-1800. — ^Isis, 1818, p. 711. 30. Anatomie 
von TJialassema. — ^Isis, 1818, p. 878. 31. Bestimmung der gis- 
tigen Milbe in Persien {Bhynchoprion persicum). — ^Tsis, 1818, 
p. 1567. 32. Begriff des Muschelbaues. — ^Isis, 1818, p. 1817. 
33. Deutung des Thieres von Stronsa. — ^Isis, 1818, p. 2099. 

- — Entstehung des ersten Menschen. — Isis, 1819, p. 1117. t. 
13. 34. Bein-Philosophie. — Isis, 1819, p. 1528. t. 18. 35. 
Ueber Pterodactylus longi- et hrevirostris. — Isis, 1819, p. 
1788. t. 20. 36. Ueber die Bedeutung des Insecten Leibes. — 
Isis, 1820, p. 552. 37. Ueber das Athmen der Pricken. — Isis, 
1321, III. p. 271. 38. Nachtrag zu JRichter^s Aufsatz fiber 
den weiblichen Kuckucksmagen-— Isis, 1823, 11. p. 225. 39. 
Ueber die Sammlung der vergleichenden Anatomie zu Paris. 
Isis, 1823, Lit. Anz. p. 265. 40. Zahnsystem.- — ^Isxs, 1823, p. 
274. 41. Bemerkungen uber die Schadel der Saugthiere, 

Vogel und Lurche. — Isis, 1823, p. 353. 42. Ueber die Schadel 
der Fische und die Bedeutung des Eaemendeckels. — ^Isis, 1823, 
p. 401. t. 14, 15. 43. Ueber das Brust- und Schultergerfist 

und das Becken der Thiere.— Isis, 1823, p. 441. t. 16, 17. 
44. Bemerkungen fiber die Skeletevon Haarthieren. — ^Isis, 1823, 
p. 455. 45. Ueber die niederen Thiere in der Pariser Sanun- 
lung der vergleichenden Anatomie. — ^Isis, 1823, p. 457. 1. 17. 
46. Ueber die Saugthiere in der Zoologischen Sammlung zu 
Paris. — Isis, 1823, p. 481. t. 17- 47. Ueber die Vogel, 

Lurche, Fische, Weichthiere, und Kerfe in dieser Sammlung. 
^Isis, 1823, p. 505. 48. Ueber das Ey und die Zitzen des 

Schnabelthiers. — ^Isis, 1823, p. 1427. 49. Budimens des pieds 
vers I’anus des Boas. — Fkruss, Bull. 1826, VII. p. 445. 50. 
Ban des Bisambeutels. — Isis, 1826, p. 849. t. 6 (Feruss. Bull. 
1827, X. p. 144). 51. Ueber die Bedeutung der Fcetus-hullen 
und die Ursache des ersten Athmens. — Isis, 1827, p. 371. t. 4. 
52. Ueber die Bedeutung der Schulter und Muskeln der 
Schildkrote. — Isis, 1827, p. 456. 53. Ueber das Zahlengesetz 
in den Wirbeln des Menschen. — ^Isis, 1829, p. 306. 54. Ueber 
die^ Bedeutung der Barren- und Moos-capsel.— Isis, 1829, p. 
395. 55. Cyprinus urcmoscopus, Agass., aus der Isar.— ■ 

Naturf. in Berl. 1828. — ^Isis. 1829, IV. p. 414. 56. Ueber die 
Aufnahme der Naturwissenschaften in die Gymnasien. — ^Isis, 
1829, p. 1225. 57. Entwickelung des Kfichelchens im Ey. — • 

Isis, 1830, VI. p. 575. 58. Ueber das Betragen von Proteus. — 
Isis, 1832, p. 699. 59. Ueber die Bichtung des Wurzelchens 
u. das Winden des Steugels,*— *Tsis, 1834, p. 804. 60. Ueber 


Lepidosiren.^lsh^ 1838, p. 347 ; 1839, p. 607 ; 1840, p. 467 ; Okhotsk 
1843, p. 441. 61. Ueber den Steinbruch von CEningen. — Isis 1| 

1840, p. 282. — L. u. Br. N. Jahrb. 1843, p. 230. 62. Ueber Oldcastle. 

das Perlboot (Nautilus Pompilius, L). — Isis, 1835, p. 1. 63, 

Ueber die Schadelwirbel. — Isis, 1847. 64. Beitrage zur ver- 
gleichenden Zoologie, Anatomie und Physiologie. — Bamh. u, 

Wiirzb. 1806 ; 1807, 2 vols. 4°. fig. — Isis, 1818, 1, p. 59, von 
Oken u. Kieser. (e. o.) 

OKHOTSK, a town and province of Eastern Siberia, in 
the district of Yakutsk. The province consists of a narrow 
strip of country, along the shore of the sea of Okhotsk, 
about 1000 miles in length, and varying from 80 to 200 in 
breadth. It is traversed through its whole extent by the 
Stanovoi Mountains, which run along the sea coast, and 
send down a few small streams to the sea. Of these the 
chief is the Okhota. The climate is very severe ; but 
there are some tracts of pasture-ground and clumps of trees. 

The rein-deer and the dog are the only tame animals; and 
furs and timber are the only articles of produce. Fish is ob- 
tained along the coasts ; and shoals of small whales are occa- 
sionally met with. The district is used as a penal settlement 
for the most incorrigible criminals, with whom and their 
descendants it is for the most part peopled. Pop. about 
7000. The town of Okhotsk stands at the mouth of the 
Okhota. N. Lat. 59. 21., E. Long. 142. 45. It consists 
of a collection of ill-built and irregularly arranged log- 
houses; and has a government house, hospital, church, 
storehouses, &c. It is the principal station of the Russo- 
American trading compan}^, who convey furs hither from 
America, and hence to Kiachta, to exchange for Chinese 
goods. Pop. 957. 

Okhotsk, Sea of^ an inlet of the North Pacific Ocean, 
between Karatschatka and Siberia, extending from N. Lat. 

50. to 60., E. Long. 137. to 155. From its N. E. extremity 
the gulfs of Ijighinsk and Perjinsk stretch into the land. 

Its depth is generally great, and there are few islands. 

Near the coast it is frozen for 6 months of the year. 

OLAND, or Oeland, an island in the Baltic, belong-* 
ing to Sweden, included in the Jan of Kalmar, and separated 
from the mainland by the Kalmar Sound, which varies from 
3 to 15 miles in breadth. Length 85 miles; average 
breadth 8 ; area 608 square miles. The western shores 
are low ; those to the east high and steep ; and the pre- 
valent formation throughout the island is limestone. To 
the north are a few small lakes; but no considerable 
streams anywhere occur. .The soil, though scanty, is 
fertile ; and a great part of the surface is covered with fine 
forests. Cattle and sheep are extensively reared ; and 
deer, wild boars, and other game abound. Oland is famous 
for its breed of ponies of very small size. The weaving of 
cloth is carried on, and furnishes an article of export trade. 

The island contains several villages, of which Borgholm 
the capital, on the west coast, is the chief. The people are 
extensively employed in fishing and navigation ; and there 
is an alum mine, the most important in the kingdom, which 
employs about 300 hands. Pop. 33,000. 

OLDCASTLE, Sir John, commonly called “ The 
good Lord Cobham,*’ was born in the fourteenth century, 
during the reign of Edward III. He obtained his peerage 
by marrying the heiress of Lord Cobham, who had distin- 
guished himself during the reign of Richard II. for his 
opposition to the tyranny of that monarch. He commanded 
an English army in France during the reign of Henry 
lY. where he displayed great military skill. Oldcastle 
had, from the outset of his career, set himself with great 
patriotism and independence to oppose the political and 
ecclesiastical corruptions of his time. Being a man of fine 
natural talents, and having a passionate thirst for know- 
ledge, he turned his attention to the doctrines of John 
Wyclifie; and after examining them with great care, 
declared his adherence to the cause of the reformers. He 
collected and transcribed the works of Wycliffe for circula- 
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Oldcastle tion among the people, and sent preachers of reform into 
II various parts of the country. The cause made gi eat pro- 
Oldenburg and the growth of heresy was attributed to this 

nobleman’s influence. Henry V. had a partiality for the 

good lord, and tried to reclaim him by expostulation. 
« Next to God,” said his lordship, “ I profess obedience to 
my king ; but as to the spiritual dominion of the Pope, I 
could never see upon what foundation it was claimed, nor 
can I pay him any obedience." The king turned away 
in displeasure, and fell the heretic to the tender mercies of 
the Church. Escaping from the tower where he had been 
imprisoned as a heretic, he sought refuge in Wales. In 
1414 the clergy got up a report of an imaginary conspiracy 
of the Lollards, with Lord Cobham at their head, for the 
destruction of the king. A bill of attainder was passed 
against him; 1000 merks were set upon his head; and 
perpetual exemption from taxes was promised to any town 
that should secure him. After an exile of four years in 
Wales he was at length seized, carried to London, and 
executed in St Giles’ Field in the most cruel and barbar- 
ous manner. Johan Bale tells us in his Brefe Chronycle 
of the examination and death ot this nobleman : “ T ban 
was he hanged up there by the myddle in cheanes of yron, 
and so consumed a lyve in the fyre, praysynge the narne 
of God so longe as his lyfe lasted” (p. 96). Thus died in 
1418 one of the ablest and most brilliant men of his day, 
who, according to his biographers, was qualified to shine 
alike in the cabinet, the field, and the court. As a writer 
Lord Cobham is known by a piece entitled Twelve Con- 
elusions Addressed to the Parliament of England. He 
thus stands distinguished as the first martyr and the first 
author among the nobility of England. (See Lives of 
Wycliffe and his Disciples<i by William^ Gilpin, 1765.) 
Capgrave, in his Chronicle of England (edited by the Rev, 
F. C. Hingeston, London, 1858), gives a tolerably minute 
account of the career of Oldcastle ; but with a strong 
prejudice against him and all Lollards. The priestly 
chronicler remarks of his lordship : “ A strong man in 
bataile he was, but a grete heretik, and a gret enmye to 
the Cherch” (p. 304). 

OLDCASTLE, a market-town of Ireland, county of 
Meath, 20 miles N.W. of Trim, and 52 N.W. of Dublin. 
It has three churches, a market-house, savings-bank, 
dispensary, school, and poorhoiise. There are here lime- 
quarries, and extensive flour-mills ; and an active trade is 
carried on in yarn. Pop. 1072. 

OLDENB URG, Grand Duchy of, one of the states of 
the German Confederation, consists of three parts, separated 
from one another by other states. The duchy of Oldenburg 
properly so called, is bounded on the N. by the German 
Ocean, E. by Planover and the territory of Bremen, S. and 
W. by Hanover; and lies between N. Lat. 52. 50. and 
53. 44., and E. Long. 7. 40. and 8. 45. The principality 
of Liibeck or Eutin is bounded by the duchy of Holstein, 
the territory of the free city Liibeck, and the Baltic. 
The principality of Birkenfeld, which forms the third por- 
tion of Oldenburg, lies in Southern Germany; and is 
bounded N. and W. by Rhenish Prussia, S. and E. by 
Coburg and Hesse-Horaburg. Total area, 2433 square 
miles. The surface of Oldenburg proper is level through- 
out, as it forms part of the great plain of Northern Ger- 
many. Its uniformity is only here and there broken by 
low sand-hills, such as the Osenberge, between the towns 
of Oldenburg and Delmenhorst. The land on the coasts 
of the North Sea and on the banks of the Weser and 
Jahde is low, rich, and marshy; and is protected by em- 
bankments from the incursion of the water. The inland 
regions consist of moors and heaths. The sea-coast is lined 
with extensive sand-banks, called Watten. The princi- 
pality of Liibeck is also for the most part flat and barren ; 
but near the sea Uiere are some rich and fertile districts. 


OLD 

Birkenfeld is a rocky and mountainous region, with nume- Oldenburg 
rous valleys of no great extent. The duchy of Oldenburg 
is w^ashed by the German Ocean, which forms two gulfs, 
those of Jahde and Weser, at the mouths of the rivers of 
the same names; the principality of Liibeck is washed 
by the Baltic. The principal rivers in Oldenburg are the 
Weser, which forms its boundary on the side of Bremen 
and Hanover, and receives the Hunte with its tributary the 
Lethe, and the Ochtiim with the Delme ; the Hase and the 
Leda in the S., which join the Ems ; and the Jahde, a small 
river near the coast. In the principality of Liibeck the 
Trave, a navigable river, and the Schwentine, both flow into 
the Baltic. In Birkenfeld the Nahe, an affluent of the 
Rhine, takes its origin. In Oldenburg and Liibeck there 
are numerous lakes, some of them of considerable size, but 
in Birkenfeld there are none. The most important in the 
duchy proper are tlie Zwischenahner-Meer, the Great and 
Little Bullenmeer, while Liibeck contains the Ploner-See, 
Eutiner-See, Keller-See, &c. The climate is temperate, 
but damp and foggy on account of the vicinity of the sea. 

Agricultural and pastoral employments are extensively 
practised in Oldenburg. In the marshy land the prin- 
cipal crops raised are wheat, barley, oats, rape-seed, beans, 
and peas ; in the sandy districts, barley, oats, potatoes, hops, 
flax, hemp, and tobacco, are raised ; while in both kinds of 
land rye is produced, but not enough to supply the inhabi- 
tants. In Liibeck the soil is good, and the same crops 
are cultivated as in the duchy ; in Birkenfeld, the stony 
nature of the ground prevents tlm raising of much corn, 
but potatoes, flax, &c., are produced. The whole amount 
of corn produced in the grand duchy is estimated at more 
than 3,000,000 bushels. Forests occur chiefly in the prin- 
cipality of Birkenfeld ; there is little w’ood in Liibeck or in 
the alluvial tracts of Oldenburg, hut part of the moorland 
region is covered with it. The rearing of cattle is carried 
on chiefly in Oldenburg proper and in the principality of 
Liibeck ; the horses are remarkable for their strength, and 
the oxen are of good breed. The whole grand duchy con- 
tained in 1853-4, 38,193 horses, 198,823 head of cattle, 

293,985 sheep, 86,488 swine, and 9905 goats. Fowls 
are also numerous, and bees are very generally kept. 

Mining operations are carried on in Birkenfeld only, and 
these principally in iron, for which there is a furnace, pro- 
ducing on an average about 500 tons yearly. Copper, lead, 
zinc, and precious stones, are also found in this principality. 
Manufactures are not extensively carried on in Oldenburg. 
Yarn-spinning, linen-weaving, and the making of woollen 
stockings, are the principal branches in which the people 
are employed. At Varel, the principal manufacturing place 
in the country, there are cotton factories ; and the duchy also 
contains many breweries, distilleries, meal, oil, and paper 
mills, saw-mills, &c. Shipbuilding and navigation afford the 
means of subsistence to many of the inhabitants; and the 
trade of Oldenburg is of much more importance than the 
manufacturing industry. The exports consist of corn, 
cattle, horses, butter, cheese, bacon, hides, leather, yarn, 
linen, stockings, &c. ; while the principal imports are wines, 
fruits, salt, woollen and silken stuffs, hardware, pottery, &c. 

The number of vessels that entered and cleared at the ports 
of Oldenburg in 1856, with their tonnage, was as follows : — 


Vessels belonging to 

Entered. 

Cleared. 

No. 

Tons. 

No. 

Tons. 

Oldenburg 

5072 

2397 

82,764 

68,622 

4565 

2182 

77,221 

66,763 

Other countries 

Total 

7469 

151,38$ 

6747 

143,984 



Oldenburg has no railways, but lines of telegraph extend 
from the town of Oldenburg to Elsfleth and to Bremen. 
The government of Oldenburg is a limited monarchy. 




OLD 


OLD 


505 


Oldenburg. The office of gi’and duke is hereditary in the male line, and 
— f each prince on his accession has to take an oath that he 
will preserve the constitution inviolate, and rule according 
to the laws. According to the constitution of 1848, 
amended in 1 852, there is a Diet in a single chamber, com- 
posed of members elected by the people. The people ap- 
point electors, one for every 300 inhabitants; and these again 
elect the delegates to the Diet, of which there is one for 
every 6000 inhabitants. The number composing the Diet 
is at present forty-seven. Every citizen of twenty- 
five years old and upwards has a vote for an elector, 
and is eligible as an elector and as a member of the Diet. 
The public receipts and expenditure for 1857 each 
amounted to L.7l,970, and the debt at the end of 1856 
was L.652,000. There is no established church in Olden- 
burg, but the grand duke and the majority of the people 
belong to the Lutheran body. The duchy contains also a 
considerable number of Eoraan Catholics, and a small pro- 
portion of Jews. The educational interests of the country 
are pretty well attended to, but the scarcity of villages, 
and the way in which the dwellings are scattered through- 
out the country, especially in the moorland regions, render 
it impossible to establish a number of schools sufficient for 
the population. There are in the entire state 4 gymnasia, 
4 higher burgh schools, 2 normal schools, a military school, 
a school of navigation, and other superior and middle 
schools. The whole number of elementary schools in the 
grand duchy was (in 1855) 547, with 773 teachers, and 
44,879 pupils. The judicial establishment of Oldenburg 
consists of an upper court of appeal at Oldenburg, courts 
of chancery in the duchy of Oldenburg and principality of 
Liibeck, a senate of justice in Birkenfeld, and several in- 
ferior courts. The people of Oldenburg are distinguished 
for order, courage, loyalty, patriotism, hospitality, and 
benevolence. The ducal family of Oldenburg is of very 
ancient origin, being descended from Wittekind, a Saxon 
chieftain, who submitted to Charlemagne in 785. The 
title of Count of Oldenburg was first assumed by Chris- 
tian I. in 1156, after he had erected the castle of Old- 
enburg. In 1 232 the county became independent of the 
empire, and towards the end of the century Count Otto, 
a younger brother of Christian III. of Oldenburg, ob- 
tained by purchase the lordship of Delmenhorst ; but the 
two families were afterwards united by marriage under 
Dietrich the Lucky. His eldest son, Christian, became 
King of Denmark, Norway, and Sweden, and Duke of 
Schleswig and Holstein ; while from the younger son, Ger- 
hard, tlie dukes of Oldenburg are descended. His succes- 
sors enlarged their territory by the addition of Jever in 
1575, and of Kniphausen during the Thirty Years’ War. 
In 1667 the ducal family became extinct, and Oldenburg 
come into the possession of Denmark ; under which king- 
dom it remained till 1773, when Christian VIL of Denmark 
transferred it to the elder branch of tlie Gottorp line in the 
person of the grand prince Paul, afterwards Emperor of 
Russia, as a compensation for the claim of the House of 
Holstein- Gottorp to Schleswig and Holstein. The new 
possessor of Oldenburg gave it over to the head of the 
younger branch of the same house, Frederick Augustus, 
the Prince and Bishop of Liibeck; and in 1777 Olden- 
burg was raised by the Emperor Joseph II. to the rank 
of a duchy. In 1810 the duchy was conquered by Na- 
poleon I. and made a French department, but in 1813 
it was restored to the ancient ducal family ; and at the 
Congress of Vienna, the principality of Birkenfeld was 
ceded to it by Prussia. The title of grand duke was first 
assumed by Duke Augustus in 1829. The lordship of 
Kniphausen, which had been since 1825 under the supre- 
macy of Oldenburg, became a part of the grand duchy in 
1 854. . The capital of Oldenburg is the town of the same 
name, and the divisions of the grand duchy are as follows : — 
VOL. XVI. 


Bailiwicks. Parishes. Pop.inlSjj. Oldenburg 
28 108 232,950 || 


I. Duchy of Oldenburg 

1. Circle of Oldenburg, 


2. 


Kuenburg,,,. 

3. 


Ovelgbnne ... 

4. 


Delmenhorst., 

6 . 

>» 

Vechta 

6. 

7. 


Kloppenburg 
Jever 


ir. Principality of Liibeck .... 
III. „ Birkenfeld. 

Total grand duchy. 


Oldham. 


4 

13 

42,593 

4 

9 

35,891 

5 

18 

30,419 

4 

15 

34,976 

3 

14 

33,191 

3 

15 

31,786 

5 

24 

23,094 

3 

14 

21,684 

3 

22 

32,529 

34 

144 

287,163 


Oldenburg, the capital of the above grand duchy, is a 
%vell built though dull town, in a flat country, on the banks 
of the Hunte, 24 miles W.N.W of Bremen. The castle, 
where the grand duke resides, is a handsome freestone 
building, surrounded by beautiful pleasure-grounds. Here 
also are a palace for the princes, government offices, a bar- 
racks, which is a large and imposing edifice, and two theatres. 
The old church of St Lambert, the most remarkable of the 
three churches in Oldenburg, has a vault containing the tombs 
of the ducal family. For the intellectual culture of the in- 
habitants Oldenburg has many advantages : besides mili- 
tary, normal, and grammar schools, there are a collection 
of antiquities, a gallery of paintings, and a public library 
of 50,000 volumes. Sugar refineries, soap-works, brew- 
eries, distilleries, &c., are the principal manufactories ; and 
timber, wool, &c., the chief articles of trade. The date of 
the foundation of the town is not known ; but in 1155 it 
was first fortified as it still remains. Pop. (1852) 9526. 

OLDENBURG, Henry, was born about 1626 in the 
duchy of Bremen in Lower Saxony. He came to London 
in 1653, where he held the office of consul for the town of 
Bremen for nearly two years. Being discharged from that 
employment, he was appointed tutor to Lord Henry 
O’Bryan, an Irish nobleman, whom he attended to the 
university of Oxford, where he w'as admitted to study in 
the Bodleian Library in the beginning of the year 1656. 
He was afterwards tutor to Lord William Cavendish, and 
gained the friendship of Milton the poet. During his re- 
sidence at Oxford he became acquainted with the founders 
of the Royal Society, and was chosen assistant to Dr Wil- 
kins, the secretary to that body. He applied himself with 
extraordinary diligence to the business of his office, and in 
the year 1664 began the publication of the Philosophical 
Transactions, which he continued to No. xxxvi., 25th June 
1677. After this the publication was discontinued till the 
January following, when it was again resumed by his suc- 
cessor, Nehemiah Grew, who carried it on till the end of 
February 1678. Oldenburg died at Charleton, in Kent, 
in August 1678. In addition to a few short papers on 
medical and other subjects published in the Transactions, 
Oldenburg translated several works into English from the 
French and Latin, under the anagram Grubendof, 

OLDHAM, an ancient parochial chapelry and market- 
town, and modern municipal and parliamentary borough, is 
situated in the hundred of Salford, in the county of Lan- 
caster, distant 7 miles N.E. from Manchester, and 186 
miles N.N.W. from London. In the neighbouring hills 
are the sources of the rivers Medlock and Irk, which pass 
through the town, and supply moving power to many of the 
mills. 

Oldham is built upon an eminence, and is difficult of 
access by highways. It has no canal, nor was there any 
railway accommodation till the year ] 842, when a branch 
was made from the Manchester and Leeds line ; this is a 
great advantage to the district, although its utility is im- 
paired by a steep incline of 1 in 26. Notwithstanding 
these drawbacks, trade has rapidly extended, a fact which 
may be accounted for by the existence of vast fields of 
coal beneath and near the town. 
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Oldham. For a long poriod Oldharn has been distinguished for the 
^ manufacture of hats, a distinction which it maintained till 
the early part of the present century, when the use of silk 
instead of beaver considerably diminished the demand, and 
induced many of the work-people to seek employment in 
other branches. As little capital is required for the pro- 
duction of silk hats, the trade is now largely distributed 
over the country. A few extensive establishments still 
exist here, one of which obtained the highest prize in this 
department at the Great Exhibition of 1851. 

Another important branch of industry is the iron trade, 
the growth of which has greatly contributed to the pro- 
sperity of the place, there being several large works giving 
employment to upwards of 4000 persons. The principal 
one, that of Platt Brothers and Co., in which 3000 men 
and boys find constant occupation, and receive L.l 30,000 
per annum in wages. 

Cotton manufacture is the staple trade, there being 
within the borough, in 1 856, 96 mills, with steam-engines 
of 3400 horse-power, and employing 7906 men and boys, 
and 8635 women and girls, or a total of 16,541 hands. 

Oldham was incorporated in 1849, and is governed by 
a mayor, 8 aldermen, and 24 councillors. Formerly its 
sanitary condition was exceedingly defective, the streets 
ill paved, and the supply of water scanty. Improvements 
are going on rapidly, and since the water-works have been 
purchased by the corporation, an increased quantity equal 
to a million and a half of gallons daily has been secured, 
which will be sufficient to meet the growing wants of the 
town for many years to come. 

For educational purposes many private schools exist ; 
there is also a most efficient blue-coat school for the in- 
struction and support of 120 orphan boys, endowed by 
Thomas Henshaw, an opulent hat-manufacturer, who, in 
1808, bequeathed for the purpose L.40,000. At his death, 
in 1810, his heirs filed a bill in chancery, praying that the 
will might be set aside on the ground of the alleged in- 
sanity of the testator. This led to protracted litigation, 
which terminated in favour of the school. During this 
time the property bequeathed had accumulated to upwards 
of L. 100,000. By local subscriptions a handsome and 
capacious building was erected, where, since 1834, nearly 
700 orphan boys have enjoyed the comforts of home, and 
received a substantial English education ; many of whom 
are now filling respectable positions in society. There are 
several mechanics^ institutions; the principal one, the 
Lyceum, a large and beautiful structure erected at a cost 
of L.6000, and opened in July 1856, is supported mainly by 
working men. In the evening classes about 450 opera- 
tives receive the elements of a sound English education, 
with French, Latin, and the higher branches of mathema- 
tics, great proficiency being often attained, particularly 
in the latter study. There are also several national and 
British schools, and the Sunday-schools contain 12,500 
children. 

Amongst the public buildings, besides the blue-coat 
school and the lyceum, is a handsome town-hall, a capa- 
cious working-man’s hall, and ample and well-arranged 
public baths. Parochially Oldham is united to Prestwick. 
The parish church, dedicated to St Mary, is an imposing 
modern structure, besides which there are eight other 
churches, four Independent chapels, two Wesleyan, one 
‘ Roman Catholic, and a large number of places of worship 
belonging to different Protestant dissenting communities. 

Since the passing of the Reform Act it returns two 
members to Parliament. The population amounted to 
12,024 in 1801 ; to 16,690 in 1811 ; to 21,662 in 1821 ; 
to 32,381 in 1831 ; to 42,595 in 1841 ; and to 52,818 in 
1851. The annual value of rateable property in 1692 was 
L.287; in 1857, L.166,815. 

OLDHAM, JoHK, i^stlj styled the English. Juvenal,’* 
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both from the power and severity of his satires, and from Oldham, 
his spirited delineation of contemporary life and manners, 
was the son of a Nonconformist clergyman, and was born 
at Shipton near Tedbury, in Gloucestershire, on the 9th 
August 1653. He was educated at Tedbury school and 
at Edmund Hall, Oxford, where he distinguished himself 
in Latin and Greek, and displayed a great love for poetry. 

Scanty means compelled him to leave college after taking 
his degree of B.A. in May 1674. Idleness and depend- 
ence were peculiarly irksome to the proud young scholar, 
and in the absence of any definite plan of life, he was glad 
to secure occupation and independence as usher at the 
free school of Croydon in Surrey. His first published 
poem, a Pindaric ode on the death of his close companion, 

Richard Morwent, belongs to this period, and displays not 
only great power of illustration, but also a subtle tenderness 
of feeling peculiarly interesting and suggestive when con- 
trasted with the strong satirical vehemence of his subse- 
quent compositions. He endeavoured to lighten the thank- 
less task of ‘‘ beating Greek and Latin for his life,” as he 
calls it, by secret attention to the muses. Some of his 
pieces having found their way in manuscript to the liter- 
ary haunts of the London wits, drew upon their author the 
attention of such grand personages as Rochester, Dorset, 
and Sedley. These lettered nobles visited the poor 
scholar at Croydon, but no immediate consequences fol- 
lowed. In 1678 he became tutor in the family of Judge 
Thurland, at Reigate, where he remained till 1680. It 
was about this period he composed those celebrated Satires 
upon the Jesuits^ which, appearing in 1679, during the ter- 
rible episode of the Popish plot, met with signal success, 
and at once secured for their author a great reputation. 

In boldness and bitterness, in strong rage and fierce 
rancour, no Protestant writer of that feverish time can be 
compared for a moment with this obscure young Noncon- 
formist. Dryden had more art than Oldham, but did not 
surpass him in power and depth of invective. On be- 
coming tutor to the son of Sir William Hicks, Oldham 
made the acquaintance of Dr Richard Lower, who inspired 
him with a temporary enthusiasm for the study of medi- 
cine. After a year’s estrangement from his muse, however, 
the old passion came back upon him, and he resolved no 
longer to prove inconstant to his first love. Having 
escaped from the bondage of tuition, Oldham settled in the 
metropolis, where he gained the acquaintance of the 
choicest spirits of the time. Dryden contracted the 
strongest attachment to the young satirist, and recognised 
in him a genius kindred to his own. Oldham just shared 
enough in the gaiety and dissipation of the town, to enable 
him, with fresh energy, to lash its vices and expose its 
vanities. He was not to be bribed or corrupted from his 
vocation. He declined the office of private chaplain to the 
household of the Earl of Kingston, but that generous 
nobleman, who seems to have had a sincere regard for the 
proud and manly satirist, prevailed upon him to become 
his guest at Holmes-Pierpont, in Nottinghamshire. This 
seclusion the poet did not long enjoy. His constitution 
was naturally consumptive, and an attack of small-pox put 
an end to his days on the 9th December 1683, in the 
thirtieth year of his age. I His last piece, A Sunday thought 
in Sichnessy is peculiarly touching, from its devotional peni- 
tence and humble resignation. The poets of his time wrote 
enthusiastic tributes to his memory ; and distinguished above 
them all, both for truth and pathos, were the generous 
lines of Dryden. Oldham’s poems, while remarkable for 
condensed force, rugged vehemence, and striking choice 
of language, aHe in general deficient in finish and harmony 
of versification. This he knew and vindicated. ^‘No 
one,” he says, would expect that Juvenal, when he is 
lashing vice and villany, should flow so smoothly' as Ovid 
or Tibullus, when they are describing amours or gallantries ” 
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Oldya His satires possess a lasting historical value, as a faithful 
II picture of the life and manners of the Restoration ; and 

Olearius. while the subjects of his invectives are for the most part 
temporary, the freedom and breadth of handling which 
they receive inspire them with an abiding interest. For 
courage and independence — for love of liberty, and scorn 
of the slavery of patronage — Oldham had no equals among 
the writers of that servile age. He casts a withering 
glance of his satirical eye upon ‘‘very sparkish dedica- 
tions,’^ and, reliant on his own genius and honesty of pur- 
pose, passes the patron by with a haughty modesty. His 
works were collected and published in a single volume in 
1686 ; in 2 vols. in 1722. An edition in 2 vols., with a 
life of the author, edited by Captain Edward Thompson, 
appeared in 1770; and an admirable edition of Oldham’s 
works, with the omission of a few of his coarser pieces, 
together with a biography of the poet, appeared in 1854 in 
the Annotated Edition of the English Poets^ edited by 
Robert Bell, London. 

OLDYS, William, a useful bibliographer, was the 
natural son of Dr Oldys, chancellor of Lincoln, and was 
born in 1696. He was an industrious and accurate scholar. 
Yet as he was a dissolute spenddirift, his whole life, with 
the exception of ten years, during which he was librarian 
to the Earl of Oxford, was lent on hire to the London 
booksellers. His claim to notice rests chiefly on his biblio- 
graphical works, such as the British Librarian^ 8vo, Lon- 
don, 1737. He indeed wrote, among other works, the 
lives in the Biographia Britannica which are marked by 
the signature G. ; and a Life of Sir Walter Raleigh^ 
which was prefixed to that author’s History of the World. 
But these productions, though rich collections of rare and 
important facts, are utterly destitute of that sympathetic 
appreciation of character, which is a necessary element in 
all real biographies. The death of Oldys took place in 
1761. He left behind a manuscript collection of notes on 
various bibliographical subjects, and a copy of Langbaine’s 
Lives^ filled with annotations ; both of which are preserved 
in the British Museum. 

OLEARIUS, Adam, a famous German traveller, whose 
real name was (Elschlager, was born in Aschersleben in Prus- 
sian Saxony in the year 1600. After finishing his studies at 
Leipsic he entered the service of Frederick, Duke of Hol- 
stein- Gottorp. There his knowledge of mathematics and 
geography soon attracted notice. Accordingly, when the 
duke, intent upon opening a commercial intercourse with 
India through Russia and Persia, was about to send 
Crusius, a civilian, and Brugman, a merchant, on two se- 
parate embassies to the Russian Czar and the Persian 
Shah, he appointed Olearius their secretary. The envoys 
set out on their first embassy in October 1633, and arrived 
at Moscow in August of the following year. The Czar 
Michael Federowitz approved and countenanced the en- 
terprise of their master ; and they returned to Holstein in 
April 1635. Their second embassy commenced in Oc- 
tober of the same year. Having reached Moscow they 
embarked on the Moskva, passed from the Moskva into 
the Oka, from the Oka into the Volga, from the Volga 
into the Caspian, and, coasting along the western shore of 
that sea, were cast on shore at Derbend. Then they 
passed overland by the cities of Ardebil, Sultanieh, and 
Room, and arrived at Ispahan in August 1637. At the 
end of a few months the Shah had made up his mind to 
open a negotiation with the Duke of Hoi stein- Gottorp, and 
the envoys turned their faces homewards. On his return, 
Olearius set himself to write an account of these expeditions, 
which was published under the title of Beschreibung der 
Mushowitschen und Persischen Reise^ folio, Schleswig, 
1647. The work gave much judicious and exact informa- 
tion regarding many subjects previously unknown, and it 
speedily became popular. It was translated into French by 


Wicquefort in 1727, and into English by Davies in 1662. Oleron 
The fourth edition of the original appeared in Hamburg . li 
in 1696, twenty-five years after the author’s death. In ad- 
dition to other works of lesser importance, Olearius was also 
the author of a chronicle of Holstein, 4to, Schleswig, 1674. 

OLERON (anc. Uliarm\ an island lying off the W. 
coast of France, opposite the mouth of the Charente, and 
included in the department of the Charente-Inferieure. It 
is about 18 miles in length from N.W. to S.E., and 7 in 
extreme breadth ; and at one part is within a mile of the 
mainland. The greater part of the island is fertile, but 
there are also some extensive salt marshes, from which 
a considerable quantity of salt is made. The chief pro- 
ducts are corn, wine, and vegetables. Pop. 17,000. The 
chief town. Chateau d’Oleron, stands on the S.E. coast, and 
contains about 3000 inhabitants. This island gives name 
to a code of maritime laws framed by Richard I. of Eng- 
land, when at Oleron in A.D. 1194. These laws were 
afterwards received by all the nations of Europe, as the 
basis of their marine constitutions. 

OLINDA, a city of Brazil, province of Pernambuco, 

3 miles N. of Recife. It is beautifully situated on a cluster 
of eminences, and is rather well built. It has a cathedral 
and other churches, several convents, a bishop’s palace, 
college, hospital, botanic garden, and public library. Pop. 

8000. 

OLIVA, Feenan Perez de, the most famous Spanish 
prose writer of his time, was born at Cordova about 1492. 

From his boyhood he was remarkable for his unwearied de- 
votion to letters. He studied successively at Salamanca, 

Alcala, Paris, and Rome ; and, according to his own ac- 
count, travelled more than 3000 leagues in pursuit of know- 
ledge. But the chief cause of his fame was his successful 
attempt to develop the power and resources of the Spanish 
language, by introducing the custom of using it instead of 
Latin in serious prose compositions. While he was lectur- 
ing in the university of Paris on the ethics of Aristotle, he 
published in his native tongue a didactic dialogue on the 
Dignity of Man, The immediate result of this work, dis- 
playing as it did the first specimen of correct and elevated 
Spanish prose, was to establish its author’s reputation, and 
contribute to his promotion in life. He was successively 
appointed ethical professor and rector of the university of 
Salamanca ; and would have been elevated to other dig- 
nities, had not his death happened prematurely about 1533. 

The ultimate effect of the dialogue was to induce the prose 
writers of Spain to use henceforth their own language. 

Oliva was also the author of other didactic discourses, and 
several translations from the classical dramatists. His writ- 
ings were published in 4to, Cordova, 1585, by his nephew, 

Ambrosio de Morales, and in 2 vols. 12mo, Madrid, 1787. 
(Ticknor’s History of Spanish Literature^ vol. i., p. 491.) 

OLIVA, a town of Spain, province of Valencia, 43 miles 
N.N.E. of Alicante. It is built in the form of an amphi- 
theatre, on the side of a hill about 1^ mile from the Me- 
diterranean. It has an ancient palace, two parish churches, 
several convents, and an hospital. Many of the inhabi- 
tants are employed in agriculture ; and the manufactures 
are almost confined to hempen and linen cloths. Pop. 

5600. 

OLIVAREZ, Gaspar Guzman, Conde Duque de, a 
celebrated Spanish statesman, was descended from an illus- 
trious Castilian family, and was born at Rome about 1587, 
during his father’s embassage to Sextus Quintus. After 
studying at the university of Salamanca, he received, through 
the influence of his uncle the Duke of Uceda, the appoint- 
ment of gentleman of the bed-chamber to the Prince of 
Asturias, and he immediately commenced the career of a 
political aspirant. His first design was to gain complete 
control over the simple boy, his master. He was fast worm- 
ing himself into favour, when, in 1621, the prince succeeded 
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Olivenza to the throne of Spain, under the title of Philip IV. ^ He 
then feigned a reluctance to engage in the new administra- 
tion. This apparent modesty served alike to conceal his de- 
signs, and to raise him in the estimation of the king ; and 
before a few months had passed, he received the title of 
Duque de San Lucar, as a seal of the royal favour and con- 
fidence. The minion now flung aside the mask, and ap- 
peared in the character of a selfish and jealous despot. He 
displaced his uncle from the position of minister, dismissed 
many of the best servants of the state, and surrounded him- 
self with creatures of his own. If he also disbanded many 
idle officials, it was mainly to gratify a private distrust; and 
if he revoked many lavish government grants, it was mainly 
to defray the extravagant expenses of his ministerial pomp 
and splendour. At the same time the nation was groaning 
under the most burdensome imposts, and the consequent 
decay of agriculture, commerce, and the useful arts. The 
most disastrous, however, of all the measures of Olivarez, 
was an attempt to regain by arms the influence which Spain 
had formerly possessed over the other nations of Europe. 
I-Jappening in this enterprise to cross the path of the 
French minister. Cardinal Richelieu, he found himself en- 
gaged with an adversary who baffled him at every point, 
and ultimately effected his overthrow'. The cardinal’s 
stratagems involved him in a long and unsuccessful w’ar 
with the Dutch ; the cardinal’s forces checked his armies 
in Germany and Italy ; and the cardinal’s intrigues fanned 
the rising flame of insurrection within the Spanish do- 
minions. The national discontents were thus brought to 
a climax in 1640, The province of Catalonia rebelled, and 
called in the aid of the French ; Portugal threw off the 
Spanish yoke, and elected the Duke of Braganza its king ; 
and at the end of two years the insurgents had foiled all 
attempts at suppression, and were steadily increasing in 
strength. It was at this emergency, in 1643, that the 
numerous enemies of Olivarez succeeded in supplanting 
him in the king’s favour. The disgraced minister died at 
Toro in the same year, with the reputation of having 
brought his country to the verge of ruin. 

OLIVENZA, a fortified town of Spain, province of 
Estremaclura, near the left bank of the Guadiana, on the 
Portuguese frontier, 15 miles S.S.W. of Badajoz. The 
surrounding country is fertile in corn and wine, and an 
active trade is carried on in the town. There are several 
churches and convents, three hospitals, and a poorhouse. 
Olivenza is strongly fortified, and till 1801 belonged to 
Portugal. Pop. 6300. 

OLIVER, Isaac, an eminent miniature-painter, was 
born in England in 1556. After studying, it is said, under 
Nicholas Hilliard and Frederlgo Zuccaro, he appeared be- 
fore the public as a professional artist At times he painted 
history, and executed drawings after Parmigiano and other 
Italian masters. But it was in the field of miniature por- 
trait-painting that his fame was won. His likenesses of 
Mary Queen of Scots, Queen Elizabeth, Plenry Prince of 
Wales, Sir Philip Sydney, Ben Jonson, and others, were 
unrivalled for their delicate truthfulness and exquisite finish; 
and afterwards obtained a place in the celebrated collection 
of Dr Mead. It was after a miniature of his that the por- 
trait of James I. was painted by Rubens and Vandyck. 
Isaac Oliver died at his house in Blackfriars in 1617. 

Oliver, Peter, the eldest son of the preceding, was 
born in London in 1601. He was instructed in art by 
his father, and succeeded to his father’s place and reputa- 
tion in miniature portrait-painting. Among other works, he 
executed a portrait of his wife, which was, in the time of 
Walpole, in the possession of the Duchess of Portland ; and 
seven historical pieces, which were lately in Queen Caro- 
line's closet in Kensington Palace. His death took place 
about 1654. 

, OLIVES, Mount of, a ridge, now called by th§ Ar^bs 
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Jebel‘el~Tur, lying on the E. of Jerusalem, on the other Olivet 
side of the narrow valley of Jehoshaphat Towards the S., || 

over against the well of Nehemiah,” it sinks down into a Oiivier. 
lower height, now called by Franks the “ Mount of Offence,” 
in allusion to the idolatrous worship established there by 
Solomon. Near this lies the usual road to Bethany, so 
often trodden by our Saviour. About a mile towards the N. 
is another summit, nearly equal in height to the middle 
one. Beyond the northern summit the ridge sweeps round 
towards the W., and spreads out into the high level tract N. 
of the city, which is skirted on the W. and S. by the upper 
part of the valley of Jehoshaphat. The elevation of the cen- 
tral peak of the Mount of Olives is estimated by Schubert 
at 2556 Paris feet, or 416 Paris feet above the valley of Je- 
hoshaphat. This considerable ridge derives all its import- 
ance from its sacred associations. To the mount whose 
ascent David went up, weeping and barefoot,” to which 
our Saviour ofttimes withdrew with his disciples, over which 
he often passed, and from which he eventually ascended 
into heaven, belongs a higher degree of sacred and moral 
interest than is to be found in mere physical magnitude, or 
than the record connects even with Lebanon, Tabor, or 
Ararat. 

OLIVET, Joseph Thoulier d’, an elegant writer and 
accomplished classical scholar, was born at Salins in 1682. 

Being destined for the church, he entered the Order of 
Jesus, and studied theology at Rheiras, at Dijon, and at 
Paris. But it was not until he had mingled familiarly in 
the society of such men as Boileau, Huet, and Rousseau, 
that his mind caught its fine ardour for classical learning, 
and his life took its peculiar bent. He soon afterwards re- 
solved to leave the society of the Jesuits : the offer of the 
important position of tutor to the Prince of Asturias could 
not induce him to alter his resolution ; and he retired to 
his quiet study in Paris, to live contentedly upon the emolu- 
ments of a small benefice. Then began that series of 
literary publications on the works of Cicero which has as- 
sociated the name of Olivet with that of the great Roman 
orator. In 1721 was printed his translation of the De Na- 
tura Deorum, — a work which was the means of gaining for 
him an admission into the French Academy. He published 
his version of the Orations against Catiline in 1727 ; and 
in 1737 he appeared, along with President Bouhier, as the 
joint-translator of the Tusculan Disputations. In 1740- 
1742 was given to the public his masterpiece, the edition of 
the entire works of Cicero, in 9 vols. 4to. A collection of 
extracts from Cicero, accompanied with a French transla- 
tion, entitled and published in folio, 1744, com- 

pleted his elucidations of his favourite author. Meanwhile 
the Abbe d’Olivet had been emulating the elegant and 
severely simple style of the classical historians in his His^ 
toire de VAcademie Frangaise, intended for a continuation 
of , Pelisson’s History, and published in 2 vols. 4to, 1729. 

His death took place in 1768. 

Olivet was also the author of a grammatical treatise en- 
titled Remarques sur la Langue Frangaise, in 12mo, 

Paris, 1767 ; and of a translation of the Philippics of De- 
mosthenes, printed along with his version of the Orations 
against Catiline. Editions of his several translations from 
Demosthenes and Cicero appeared in 1766. His edition 
of Cicero has been very frequently reprinted. 

OLIVIER, Guillaume Antoine, a learned French 
entomologist, was born at Arcs, near Draguignan, in 1756, 
and took the degree of Doctor of Medicine at Montpellier. 

His whole life was eagerly devoted to the advancement of 
natural science. While still a young man, he was drawing 
up an illustrated account of the Coleoptera for a projected 
entomological history by Gigot d’Orcy ; and he was also 
engaged in writing a natural history of insects for the 
Emyclopedie Mkhodique. After the convulsions* of the 
French revolution had interrupted both these undertak- 
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Olmatz ings, his increasing reputation recommended him to the 
II notice of Roland, minister of the interior, as a fit person to 

Olonetz. ggnt along with Bruguieres on a mission to Persia, for 
the purpose not only of establishing commercial relations 
with that country, but also of making contributions to na- 
tural science. On his return at the end of more than six 
years, he set himself to write an account of his voyage, and 
to finish the two works he had left incomplete. *His elec- 
tion into the Institute in 1800 stimulated his industry. He 
published in 1 802-7 his Voyage dans V Empire Otlioman^ 
VEqypte^ et la Perse, in 3 vols. 4to ; he finished in 1808 
his Histoire Naturelle des Coleopteres, in 6 vols. 4to ; and 
he was engaged in h\^ Dictionnaire de V Histoire Naturelle 
des Insectes de VEncyclopedie Methodique, when the dis- 
ease manifested itself which caused his death at Lyons in 
1814. This last treatise, which had been begun to be 
printed in 1789, was completed in 1819, in 9 vols, 4to. 

Olivier also contributed several articles on his favourite 
studies to the Memoirs of the Institute and of the Society 
of Agriculture, and to the Nouveau Dictionnaire dHis^ 
toire Naturelle applique aux Arts oF Deterville. (For an 
account of his special services to the cause of natural 
science, see Entomology.) 

OLMUTZ (Morav. Holomavx), a city, capital of a 
circle of the same name, and formerly the capital of Mora- 
via, stands on the River March or Marawa, 40 miles N.N.E, 
of Brunn. It is strongly fortified, being surrounded by 
'walls and protected by a citadel, and is reckoned one of the 
strongest places in the Austrian dominions. It is entered 
by four gates, and is for the most part well built. The ca- 
thedral is a fine Gothic edifice, founded about the beginning 
of the fourteenth century by Wenzel III. of Bohemia, 
Several of the other churches, of which there are twelve, 
are handsome buildings, particularly that of St Mauritius, 
which contains the largest organ in Moravia, and that of St 
Michael. Among the other public buildings are the town- 
hall, the archbishop’s palace, the former college of the Je- 
suits (now used as barracks), and the ' university buildings. 
The university was removed from Olmutz to Kremsir in 
consequence of the outbreak in Austria in 1848-50. The 
university library contains about 50,000 volumes. Among 
the educational institutions here are an academy of nobles, 
an archiepiscopal seminary, a gymnasium, and a military 
school. Olmutz is the seat of judicial and other courts, and 
various public offices of the circle. There are a maternity 
hospital, an hospital for the sick, and an orphan hospital. 
It has manufactures of linen, woollen, and cotton stuffs, 
leather, earthenware, and vinegar ; and carries on an active 
transit trade, especially in cattle. Olmutz was taken by 
the Swedes during the Thirty Years’ War ; but was be- 
sieged in vain for seven weeks by Frederick the Great in 
1 758. Lafayette was confined here in 1 794. Pop. (185 1), 
exclusive of the military, 11,406. 

OLNEY, a market-town of England, county of Buck- 
ingham, on the left bank of the Ouse, which is here crossed 
by a bridge of four arches, 18 miles E.N.E. of Buckingham. 
The town is small but neat, and is surrounded by beautiful 
scenery. It is chiefly celebrated as having been for a 
lengthened period the residence of the poet Cowper, during 
which time the Rev. John Newton was curate here. 
The parish church is a large Gothic edifice, with a spire 
1 85 feet high. There are several almshouses and dissent- 
ing places of worship. The inhabitants are employed in 
lace- making, hosiery, and silk- weaving. Pop. of parish 
(1851), 2329.^ 

OLONETZ, a government of European Russia, lying 
between N. Lat. 60. and 64. 30., E. Long. 29. 40. and 
42, 20., is bounded on the N. and E. by Archangel, S.E. 
by Vologda, S. by Novgorod, S.W. by St Petersburg, and 
W. b/ Lake Ladoga and Finland, Its length from N.W. 
to S.K L 370 miles; breadth, 250 miles; area, 53,875 
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square miles. The surface is for the most part flat, but in Oloron. 
the N.W. there are some hills of no great height, called 
the Mountains of Olonetz ; while in the S. the country is 
traversed by a ridge that divides the affluents of the Volga 
from those of the Baltic. The geological formation of the 
hills is for the most part granitic, covered over with con- 
glomerate and clay-slate, and the tops are densely wooded, 
while the lower slopes are in many places quite open. The 
level part of the country consists to a large extent of 
marshy land, but much of the area is occupied by a rich 
clayey soil covered with greensward, and the extent of 
ground under water is very great. Upwards of seven- tenths 
of the whole area is covered with wood. There are said 
to be 1998 lakes, and 858 rivers and streams. The principal 
lakes are Ladoga and Onega, which are described under 
their proper names. The chief rivers are — the Onega, which 
flows into the White Sea ; the numerous streams, which 
fall into Lake Onega ; the Svir, which joins Lake Onega 
with Ladoga; and a few tributaries of the Volga in the S. 

The mineral resources of Olonetz form no small portion of 
the wealth of the government. Iron ore is obtained on the 
lakes and marshes, and several mines, richer than those for- 
merly worked, have been recently discovered. Copper 
mines were formerly worked, but on account of their scanty 
produce, these have been abandoned. Some traces of gold 
have been observed, and it is believed to occur at a con- 
siderable depth below the surface. Coal is also expected 
to be obtained in Olonetz, Many kinds of marble, por- 
phyry, granite, and quartz, are found ; as well as amethysts, 
garnets, topazes, and other precious stones. In the marble 
works of Tewdia, many pieces of stone carving are made, 
which are remarkable for durability and beauty of work- 
manship. In this government was obtained the piece of 
porphyry which was sent by the Emperor Nicholas to 
France to form the coffin of Napoleon 1. The climate is 
severe, the winter long and intensely cold, while, during 
the short summer the heat is very great. But notwith- 
standing this inclemency, agriculture is carried on in all 
parts of the government, though the produce is not suffi- 
cient for the domestic wants. Hemp and flax are exten- 
sively grown in places where corn would not thrive. But 
the most valuable part of the vegetable produce is timber, 
of which there is a great abundance, especially of pines and 
larches, suitable for the masts of ships. Of the whole area 
of Olonetz, there are 91,186 acres of meadow land, 692,816 
acres of arable land, 237,647 acres of hay, 26,815,715 
acres of wood, and 6,505,009 acres of lakes, rivers, and 
marshes. Cattle are not reared in large numbers, owing 
to the expense of keeping them during the long and severe 
winters. Most of the peasants, however, have some horses, 
cows, and swine; but the total number, compared with 
the extent of the country, is small. There were in 
1849, 53,356 horses, 96,392 horned cattle, 82,438 sheep, 

5659 pigs, and 187 goats. Of wild animals, the govern- 
ment contains wolves, bears, elks, reindeer, foxes, &c. 

Seals are found in the large lakes, and the rivers abound 
in fish. Few manufactures are carried on, except at Petro- 
zavodsk, the capital, where there is an imperial cannon 
foundry. Trade also is in a low condition. The raw pro- 
duce of the country, together with tallow, cast-iron, and 
cannons, are exported to St Petersburg and Archangel. 

The inhabitants are almost all Russians, but there are some 
Finns in the western part, and a few wandering Laplanders. 

The people of Olonetz belong to the Greek Church, and to 
the see of the Archbishop of Novgorod. There are in the 
government 46 educational institutions of various kinds, 
with 102 teachers, and 2059 scholars. Pop. (1856) 

285,945. 

OLORON (the ancient Iluro\ a town of France, capital 
of a cognomina! arrondissement in thedepartmentof Basses- 
Pyrenees, stands on the summit and slope of a hill, on the 
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Olot right bank of the Gave d^Ossau, where it unites with the 
II Gave d’Aspe to form the Gave d’Oloron, 15 miles S.W. of 
Olympia, ^ tribunal of primary instance, and 

carries on an active trade in wool, sheep-skins, hams, cattle, 
and timber. The principal manufactures are woollen cloths 
and yarn, hosiery, leather, paper, and combs. Pop. (1856) 
5869. 

OLOT, a town of Spain, in the province of Gerona, 
about 26 miles N.W. of the town of that name, and 85 from 
Barcelona. It lies on the left bank, and about two leagues 
from the source of the River Fluvia, on a small plain at the 
foot of the volcanic hill Montsacopa, and on the north of the 
small circle formed by that hill and six other extinct vol- 
canoes in the vicinity. In spite of its proximity to the Py- 
renees, the climate is remarkably temperate. The houses 
of the town are built of the light porous trap that abounds, 
made into a concrete by being mixed with gypsum in large 
moulds, basaltic stone forming the foundation. The streets 
are narrow and ill paved, but regular. The parish church, 
San Esteban, is a spacious and fine edifice, contrasting with 
the tasteless architecture of the other buildings of the town. 
There are, besides, seven other churches; one primary school, 
well endowed, in a building intended for an hospital; a 
grammar school, a school of design, and six smaller schools ; 
an ex-convent of Carmelites, now a barrack ; a workhouse, 
a good modern theatre, and a small wooden circus for bull- 
fights. The town is remarkable for its copious supply of 
water. There are ten fountains within the walls, and out- 
side the city they are very numerous, forming convenient 
lounging and dining places in summer for the inhabitants. 
The surrounding country is woody and fertile, producing 
the cereals, legumes, wine of inferior quality, and oil. Cows 
and sheep are reared ; and there is abundance of small game. 
The chief industry of the town is the production of coarse 
woollen and cotton fabrics, now falling into decay, the coarse 
woollen caps, which formerly constituted an important 
branch of manufacture, being now little worn. There are 
manufactures also of linen, paper, and leather to a small 
extent ; and a ribbon factor}^ remarkable in Spain as being 
lighted with gas made on the premises, a convenience en- 
tirely wanting in the towns of the province. Olot is a very 
ancient town. There are remains of an aqueduct and bridge 
of Roman construction. In 1427 it was entirely destroyed 
by an earthquake. It figured and suffered much in the 
war of independence, being a strong point, and passed alter- 
nately into the hands of French and Spanish, until the 
latter dismantled the fortifications. In the last civil war it 
was much coveted, and frequently attacked by the Carlists, 
but unsuccessfully. Among its remarkable men the cele- 
brated jurist Fontenella may be mentioned. Pop. (1849) 
9988. 

OLTENITZA. See Danube. 

OLYMPIA, a town of ancient Elis in Greece, stood at a 
small distance W. from Pisa, on the right bank of the Al- 
pheus (7?2£/?a), in a plain that opened westward towards the 
Ionian Sea, -and was skirted on all other sides by hills. It 
was chiefly famous for its sacred grove, said to have been 
inclosed by Hercules, and called by pre-eminence Alifts, a 
word which is the Peloponnesian jEolic form of aAoros. 
Many sacred edifices rose up among the planes and wild 
olive-trees of this grove. By far the most important of 
these was the Olympieium or Olympium, the temple of 
Jupiter Olympius, which stood near the southern boundary 
of the Altis, and faced the east. It was founded by the 
Eleians in 572 b.c. The spoils which that people had 
taken in their war against Pisa and the neighbouring cities 
were devoted touts erection ; and after the lapse of nearly a 
century, it received its last finish from the chisel of Phidias 
the great sculptor. It was a peripteral hexastyle structure 
of the Doric order, built of limestone from the adjacent 
mountains, roofed with slabs of Pentelic marble, occupying 
a site of 230 feet in length, and 95 in breadth, and rising 
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to the height of 68 feet. Both pediments were enriched Olympiad 
with legendary stories in relief: the front pediment was || 
topped by a gilded statue of Victory, and below it, attached f^lympias, 
to the frieze, hung twenty-one votive bucklers, the offering 
of the Roman general Mummius. At the two ends of the 
temple were two brazen gates leading respectively into the 
two chambers into which the building was divided. The 
western and backmost chamber was called the Opisthodo^ 
mus. On entering the eastern and front chamber, the 
spectator advanced straight forward up a double colonnade 
towards a rich and gorgeous curtain, which intercepted his 
view. The curtain was drawn aside, and there, on a cedar 
throne, spangled with inlaid gold, ivory, ebony, and pre- 
cious stones, and crowded all over witli painted and sculp- 
tured stories of the gods, appeared the master-work of 
Phidias, the colossal gold and ivory statue of the Olym- 
pian Jove, seated with an image of Victory in his right 
hand and an eagle-surmounted sceptre in his left, and 
almost touching the roof with his olive-crowned head. 

Behind the temple of Jupiter the background of the sacred 
grove was crowded with other structures. There were 
the Herseum (the temple of Juno), the great altar of 
Jupiter, the Metroum (the temple of the Mother of the Gods), 
the Prytaneium, and the Bouleuterion. There were also 
altars, porticoes, monuments, and statues peeping out at 
intervals from among the trees. 

Olympia was also famous as the scene of the Olympic 
games. Close to the eastern wall of the Altis stood the 
stadium^ or seat for the judges, a long embankment of 
earth bent into the form of a horse-shoe, resting its circular 
extremity on the foot of Mount Cronius, and opening its 
other extremity to the south. Joining the two ends of the 
stadium, and forming a continuation, were two rows of 
stables and other apartments, which, inclining towards each 
other, ran southward until they made a narrow aperture, 
and inclosed a space. This space was called hippaphesis, 
from being the starting-place of the horses ; and embolus^ 
from having an outline like the beak of a ship. The 
aperture of the embolus led into the hippodrome or race- 
course, which extended for the space of two stadia towards 
the River Alpheus, and was bounded on the right by a small 
eminence, and on the left by an artificial embankment. 

The information regarding Olympia is chiefly derived 
from the fifth and sixth books of the Itinerary of Pausanias. 

Of all the edifices that he describes, the temple of Jupiter 
is the only one whose site can definitely be traced. Much 
light, however, has been thrown upon the subject by Leake’s 
Peloponnesiaca. (See also Mure’s Tour in Greece^ &c., in 
2 vols., 8vo, 1838.) 

OLYMPIAD. See CHEONOLoaY. 

OLYMPIAS, the mother of Alexander the Great, was 
the daughter of Neoptolemus I., King of Epirus, and 
became the wife of Philip II., King of Macedonia, about 
359 B.C. The numerous amours of her husband soon 
began to keep her in the torment of jealousy ; but it was 
not until 337 B.c., when he married Cleopatra, the niece of 
Attalus, that her revengeful and imperious disposition burst 
forth with remorseless fierceness. Hastening to her native 
country, she endeavoured to persuade her brother, the King 
of Epirus, to exact vengeance for her wrongs. Unsuccess- 
ful in this attempt, she returned to Macedonia to try more 
insidious measures. She encouraged her son Alexander 
to intrigue against his father, and at length, it is said, hired 
Pausanias to murder her husband. There is even reason 
for believing that she took up the body of the crucified 
assassin, placed a crown of gold upon his head, burnt his 
remains over the tomb of the murdered king, and instituted 
annual rites in honour of his memory. The accession of 
Alexander enabled Olympias to give freer vent to her 
lawless passions. One of her first acts was to put to death 
her rival Cleopatra, and her rival’s infant. Then, by 
attempting to usurp the chief power in the absence of her 
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Olympic son, she involved herself in an inveterate quarrel with the 

Games, regent Antipater. During the life of Alexander she 
directed a continued series of recriminations against her 
adversary, and after the death of Alexander she plotted 
his overthrow in her retirement in Epirus. At length the 
demise of Antipater in 319 B.c.left Olympias free to engage 
in some new enterprise of ambition. Accordingly, in 317 
B.C., she took the field in person to support the cause of the 
new Macedonian regent Polysperchon against Cassander 
• and his allies, and advanced to encounter an army under 
the princess Eurydice. At the sight of the mother of 
Alexander, the opposing forces threw down their arms 
without striking a blow; and the queen celebrated the 
triumph by butchering in cold blood Eurydice, her husband 
Arrhidaeus, Nicanor the brother of Cassander, and a 
hundred Macedonian nobles. This was the crowning act 
of Olympias’ long course of vindictive cruelty, and 
retribution was close au hand. Towards the close of that 
same year she found herself besieged in Pydna by 
Cassander; in the spring of 216 B.c. her garrison was 
driven by famine to a surrender ; and, contrary to the 
stipulations, she was condemned to death. A body of 
soldiers was sent to execute the sentence in the prison ; 
but the fearless and commanding mien of Philip’s wife and 
Alexander’s mother overawed them, and sent them huddling 
towards the door. The Macedonians whose friends had 
been murdered by her then rushed in upon her ; but she 
received their strokes without uttering a single cry of 
weakness, and fell with all the dignity of a queen. 

OLYMPIC GAMES, the greatest of the national 
festivities among the Greeks. They derived their name 
from Olympia, the place at which they were celebrated. 
(See Olympia.) Their great antiquity is shown by the 
mythical accounts that are given of their origin. Hercules, 
Pelops, and Atreus are severally represented by different 
legends as the founders. But the first historical fact 
regarding the Olympic games is their revival in the ninth 
century b.c. by the conjoint exertions of Iphitus of Elis, 
Lycurgus of Sparta, and Cleosthenes of Pisa. The festival 
was then appointed to be held once every four years ; the 
intervals between the periods of celebration were called 
Olympiads; all persons of pure Hellenic blood were 
invited to contend in friendly contests by the banks of the 
Alpheus ; a general armistice was preserved throughout 
Greece during the festive days ; and the territory of Elis 
was considered consecrated ground. Great crowds of 
Greeks from all parts, both at home and in the colonies, 
were wont to frequent the Olympic games — some for the 
purpose of taking part in them or of seeing them, but 
many more for other purposes. Friends came to meet 
friends; traders to find customers; magnates to be the 
O^tapoi or representatives of their different states ; painters 
and other artists to exhibit their works ; and literary men 
to publish their books by reading them to the multitude. 
All women were forbidden, on pain of death, to be present, 
or even to cross the Alpheus. At first the inhabitants of 
^Pisa superintended the games ; but after the conquest of 
that city by the Eleans, the conquerors claimed the 
management, and chose the liellanodiccs or judges out of 
their own state. (See Hellanodic^.) How the com- 
petitors were trained previously, what exercises were the 
subjects of the competition, what honours were lavished 
upon the victors, and what effect, the Olympic gatherings 
had upon the social prosperity of the Greeks, have all been 
fully noticed in the article Games. The Olympic games 
continued to be celebrated after the Greeks, had been sub- 
jected to the yoke of Rome. Roman citizens took part in 
them; and Roman emperors expended large sums of 
money in celebrating them. At length, in 394 a.d., under 
the reign of the Emperor Theodosius, after they had 
existed for more than, a thousand years,, and had outlived 
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many famous kingdoms and republics, they were finally Olympics 
abolished. dorus 

OLYMPIODORUS, a Neo-Platonic philosopher of II 
Alexandria, flourished in the former half of the sixth cen- 
tury, immediately before the Pagan schools were closed by 
the edict of Justinian. He delivered comments upon the 
Gorgias, Philebvs^ Pkcedo, and Alcibiades I. of Plato. 

These scholia evince extensive learning, and a special 
acquaintance with lamblichus, Syrianus, Damascius, and 
other Neo-Platonists. They also contain many striking 
and clearly apprehended modifications of the doctrine of 
the Alexandrian school. The most important of these 
is the distinction drawn between religion and philosophy. 

According to Olympiodorus, religion teaches by allegories, 
philosophy by clear and distinct thoughts ; the former pre- 
sents an inert and barren symbol to the imagination, the 
latter fixes a living and procreative idea in the mind. It 
is therefore necessary that philosophy should strip off the 
allegorical dress of religious doctrines, and expose the 
naked truth within. Accordingly he gives a metaphysical 
and moral interpretation to the principal classical myths. 

Another interesting feature in the scholia of Olympiodorus 
is his occasional treatment of the great questions in psycho- 
logy and moral science. He holds that reason is the 
supreme element in the soul, and has a right to rule over 
sensibility and will, the two other elements. This doctrine 
leads him to maintain that the moral nature of man is in its 
best state only when it is wholly subject to reason, and that 
virtue is nothing else than wisdom. The human soul, thus 
governed by a principle more elevated than its fellows, he 
assumes to be the model for all political communities, and 
infers, like his master Plato, that an aristocratic government 
is the best. 

The scholia of Olympiodorus on the above-mentioned 
dialogues of Plato have not come down to us entire, but 
only in notes of his lectures taken by his students. Some 
of the scholia on the Phmdo were published by Forster, 

Oxford, 1745 ; those on the Gorgias by Routh, Oxford, 

1785 ; those on the Alcibiades I. by Creuzer, Frankfort, 

1821 ; and those on the Philebus^ by Stallbaum, Leipsic, 

1826. Olympiodorus is also the author of a Life of Plato, 
which has been published by Etwall, London, 1771 ; and 
by Fischer, Leipsic, 1783; in both cases along with some 
of the Platonic dialogues. A philosophical analysis and a 
bibliographical summary of his works are given in Cousin’s 
Fragments Philosophiquesy 4th edition, 12mo, Paris, 

1847. 

OLYMPUS, a lofty mountain in Greece, stands on the 
frontier line between Thessaly and Macedonia. Its position 
and aspect are worthy of its ancient fame ; and it might 
still be called, as it was by the classical poets, “ the leafy,” 

“the shady,” “the many-ridged,” and “the snowy” Olym- 
pus. It rises boldly up from the pleasant vale of Tempe 
on the south, and the Macedonian plains on the north, to 
the height of 9754 feet, towering above all the neighbour- 
ing summits, and looking eastward over the Thermaic Gulf 
to the distant peaks of Mount Athos. Forests of pine, oak, 
chestnut, beech, and other trees, sweep along its base and 
climb its sides ; its rocky masses farther up are cleft by 
numerous yawning ravines; and its broad summit rises 
against the clear sky covered with a sheet of sparkling 
snow. Such lofty grandeur rendered Olympus a worthy 
habitation for the deities of the early Greeks. There Jove 
sat when he filled the sky with his thunder-clouds, and 
scattered his lightning-shafts over the world. There, too, 
in a palace reared by Vulcan, he summoned the gods to 
council or to banquet. From this spot also he was wont 
to pass out into the exterior sphere of the universe through 
an opening which was made in the metallic dome of the sky, 
and which had a thick cloud for a door. Becoming thus, in 
course , of time, identified with the abode of the gods^ the 
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Olynthus word Olympus xvas afterwards used as a synonyme for 
II heaven. 

Omar. There were several other mountains called Olympus, the 
most important of which were the hill in Elis near Olympia, 
the range in Mysia extending eastward along the boundary 
line between Phrygia and Bithynia, and the chain of heights 
in the island of Cyprus. 

OLYNTHUS, a town of Chalcidice, stood at the head 
of the Toronaic Gulf, between the headlands of Sithonia and 
Pallene, about 60 stadia from Potidsea. The early part of 
its history is not marked by much prosperity. During the 
second Persian invasion of Greece, Artabazus, the general 
of Xerxes, captured the town, slaughtered its Bottiaean in- 
habitants, and gave it to the Chalcidians. It next came 
under the yoke of Athens ; and not until the commence- 
ment of the Peloponnesian war, when the Spartan general 
Brasidas crushed the Athenian power in Chalcidice, did it 
assert its independence. At that time, however, the Olyn- 
thians began to play an important part in history. The 
maritime situation oF their city, and its central position 
among the neighbouring independent towns, were the na- 
tural advantages with which they started. One of their 
first deeds was to exact from Amyntas, the embarrassed 
king of Macedonia, some additional territory. Then, on 
the broad principle of a common participation in all civil 
rights and privileges, they established a confederacy with 
the other Chalcidian and several of the Macedonian cities. 
In 383 B.c. their strength had become so formidable that 
they refused to restore the land previously conceded to 
them by the Macedonian *monarch, and threatened to punish 
the towns of Acanthus and Apollonia for not joining the 
league. Yet it was the assumption of this bold attitude 
that led to the overthrow of Olynthus. The aid of Sparta 
was immediately solicited to punish the arrogant Olynthlans, 
and after a stout resistance, they were forced to surrender 
to Polybiades in 379 b.c. Their federation was forthwith 
broken up; the seizure ofPydna, Methone, and Potidaea, 
not long afterwards, deprived them of all hope of ever re- 
organizing it ; and they were left alone to cope with the 
rising destiny of Macedonia. They warded off their fate 
for some time by forming a league with Philip, the 
king of that country. At length their alliance with 
the Athenians, in 352 b.c., led to an open war with the 
Macedonian monarch in 350 B.c. All the eloquence of 
Demosthenes could not incite his countrymen to send ade- 
quate succour to their struggling allies : all the resistance 
of the besieged citizens themselves could not keep out the 
bribes of the intriguing Philip. In 347 b.c. Lasthenes and 
Eutychrates betrayed the city ; all the inhabitants were sold 
for slaves ; and every building was razed to the ground, 

OMAGH, a market-town of Ireland, county of Tyrone, 
Ulster, on the left bank of the Strule, 27 miles S. of Lon- 
donderry. It is a neat, clean, and well-built town ; the 
houses generally of stone, and the streets lighted with gas. 
Among the public buildings are the county court-house, an 
elegant building of Grecian architecture, the county jail, dis- 
trict lunatic asylum, infirmary, barracks, and union work- 
house. The river is crossed by a handsome stone bridge. 
There are a parish church, a Roman Catholic chapel, and 
several dissenting places of worship. Omagh was burned 
by James 11. in 1689, and again by accident in 1743, 
Market-day, Saturday. Pop. (1851) 3385. 

OMAN. See Arabia, 

OMAR I., Abu Hafssah Ibn-al-Khattab, the second 
khalif of the Mussulmans, was the third cousin of Abdullah, 
the father of Mohammed. So inveterate an adversary was 
he at first to the new creed of Islam, that he set out one 
day to murder the prophet. Chancing, however, by the 
way to take up a copy of the Koran, and to read the 20th 
chapter, he was converted on the spot, and became from 
that hour the most zealous of the Moslems. His military 


talents and intrepid valour were forthwith devoted to the Omar, 
service of the founder of his religion. Among many other 
instances of fidelity that he gave was the promptness with 
which on one occasion he struck off the head of a plaintiff 
who bad dared to question the justice of one of the pro- 
phet’s judicial decisions. In fact, a spirit kindred to that 
which influenced his master seemed to influence him. “If 
God should wish,” said Mohammed, “ to send a second 
messenger to this world, his choice would undoubtedly fall 
on Omar.” The self-sacrificing zeal of Omar came out into 
greater prominence at the death of the prophet in 632. 

When he saw the Mussulmans about to come to a schism 
touching the respective claims of himself and Abu Bekr to 
the caliphate, be put an end to the dangerous dispute by 
declaring for his rival. Pie then submissively undertook, 
and faithfully discharged, the duties of chamberlain to the 
khalif. Even when in the following year he was appointed 
successor to the khalifate by the death-stricken Abu Bekr, 
it was with reluctance that he accepted the appointment. 

“ I have no occasion for the place,” he said. ‘‘ But the 
place has occasion for you,” replied the dying khalif. In 
the position of “ Emperor of the Faithful ” the kingly spirit 
of Omar found its proper sphere. In no long time he com- 
municated his prompt vigour and high-toned fanaticism to 
the whole military administration. Devoted lieutenants 
w^ere placed in command of the several armies ; the sol- 
diers w'ere disciplined by severe abstinence, and animated 
by hopes of a voluptuous paradise ; and the Saracen con- 
quests extended themselves with a rapidity greater even 
than in the days of the prophet himself. In 637 .Saad Ibn Abi 
Wakkass took Madayin, the capital of Yezdejerd, King of 
Persia; in the following year Abu Obeydah Ibn Jerrah 
and Kh^led Ibn Walid completed the reduction of Syria ; 
in 640 Amru Ibn-al-Ass had subjugated Egypt ; and in 641 
Mugheyrah subdued Armenia. A similar prosperity mean- 
while pervaded the civil administration. The khalif was 
ruling in Medina with a wise and self-denying beneficence 
that rendered him in reality the father of his people. The 
poorest subjects ever found him an impartial judge between 
them and their high-born oppressors. It was his custom 
every Friday night to expend all the contents of the trea- 
sury upon public and charitable purposes. A part of the 
money was given as regular pay to the soldiers, another 
part constituted pensions for meritorious officers, and the 
rest was distributed among his dependants, according to their 
necessities. He reserved nothing to support his own state, 
but he lived in primitive simplicity on a small pittance which 
he earned by manufacturing leather belts. His food was 
barley bread, his drink water, and his garb an old gown 
torn in twelve places. Unarmed and unguarded, he mingled 
with his people, took his daily walks out into the country, 
and enjoyed his noontide repose under a wayside tree, or on 
the steps of the great mosque, among the beggars. At the 
same time, he was exhibiting in his life a model of Moham- 
medan piety. Much of his time was occupied in praying and 
preaching at the tomb of the prophet ; occasional pilgrimages 
were made to Mecca ; and the words of the Koran and the 
precepts of wisdom were ever upon his lips. Such a severely 
pure and sublimely simple morality could not fail to 
awaken in some minds an overpowering reverence and 
awe. Accordingly, it was said that the staff of Omar 
was more dreaded than the sword of his successors. In 
other minds it could not fail to excite hatred and revenge. 
Accordingly, an arrogant Persian slave, who had applied in 
vain to the khalif to be relieved of half the tribute paid to bis 
master, swore to be avenged on the inexorable judge. At- 
tacking him while saying the morning prayers in the mosque, 
he inflicted upon him three mortal wounds. After languish- 
ing for some days, Omar died in 643. It was in the reign 
of Omar that the famous Alexandrian library was burnt, and 
that several of the Mohammedan institutions began to be 
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Omar formed. (See Ockley’s Saracens; Gibbon’s History; 

!1 Planck’s Dissertatio de Omaro Chalifa, Lund. 1806 ; and 

Omen. Yon Platen’s Geschichte der Todtung des Chalifen Omar^ 
Berk 1837. 

Omar II., the eighth khalif of the dynasty of the Ommi- 
ades, was the great grandson of Omar I., and succeeded Soli- 
man in 717* In the midst of a luxurious and contentious 
people, he imitated the temperance and charity of his great 
ancestor. The chief purpose of his reign was to reconcile 
the followers of Omar and Ali, the two sects into which the 
Mussulmans were then divided, and to restore the latter 
to their property and privileges. Yet it was this genero- 
sity that led to his ruin. Th^e Ommiades, dreading the fall 
of their faction, put him to death by poison in 720. 

OMEN literally signifies a sign or indication of some 
future event, taken from the language of a person speaking 
without any intention to prophesy. This appears from the 
archaic form of the word, which was osmen. Varro says 
{De Lingua Latina^ lib. v., c. 7, § 76) omen quod ex ore 
primum elatum est, osmen dictum and Freund conjec- 
tures that this original form of the word may again be re- 
lated to ocrcra and otj/, which signified primarily a prophetic 
voice. Cicero remarks {De Divinatione, i. 45) that the 
Pythagoreans attended to the words not only of gods, but 
also of men, which they called omens^ The term omen 
became subsequently applied to all signs, of whatever na- 
ture, from which men believed themselves capable of ex- 
tracting any knowledge of future events. Omens are 
distinguished from all other modes of divination by their 
purely accidental character. To trace the history of this 
superstition, it would be necessary to begin almost with the 
origin of the race. There is perhaps no form of erroneous 
belief so common to all nations, and so similar in its special 
development, as that of omens. The causes of this uni- 
formity are not far to seek. The desire, so peculiar to man, 
of drawing aside the curtain of mystery which hangs over 
his life, combined with the general sameness of human ex- 
perience throughout the world, are sufficient to account for 
the striking coincidences often traceable between the omin- 
ous events of an eastern king and an ancient Roman, be- 
tween an old Greek andean ignorant Englishman, Light- 
ning, thunder, &c. ; the motions and voices of animals, and 
particularly of birds ; personal sensations of body and mind, 
See,, were regarded by the Greeks and Romans as peculiarly 
ominous. The Romans especially carried this superstition 
to an extravagant extent. (See Augur.) One curious 
variety in ancient divination is, that to a Greek the right 
hand denoted good luck, and the left the contrary ; while 
the Roman exactly reversed this order. 

The portentous or supernatural omens were either ex- 
ternal or internal. Of the former kind were those showers 
of blood so frequently occurring in the Roman history, 
which were much of the same nature with the adventure 
of dEheas, which he calls monstra deum. Of the latter 
kind were those sudden consternations, which, seizing upon 
men without any visible cause, were imputed to the agency 
of the god Pan, and hence called panic terrors. But in- 
deed there was hardly anything, however trivial, from 
which the ancients did not draw omens. That it should 
have been thought a direful omen when anything befell 
the temples, altars, or statues of the gods, need excite no 
wonder ; but that the meeting of a eunuch, a negro, a 
bitch with whelps, or a snake lying on the road, should 
have been looked upon as portending bad fortune, seems 
absurd enough. 

Of the countless occurrences still regarded by the igno- 
rant and superstitious as of ominous import, the following 
may be cited as examples: — To break a looking-glass is 
extrenaely unlucky ; for the party to whom it belongs will 
lose his best friend. If, going a journey on business, a 
sow cross the road, you will probably meet with a disappoint- 
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ment, if not a bodily accident, before you return home, Omer, St 
To avert this you must endeavour to prevent her crossing || 
you ; and if that cannot be done, you must ride round on Ometepe. 
Iresli ground. If the sow be attended with her litter of 
pigs, it is lucky, and denotes a successful journey. It is 
unlucky to see first one magpie, and then more ; but to 
see two denotes marriage or merriment ; three, a successful 
journey; four, an unexpected piece of good news; and five, 
that you will shortly be in a great company. To kill a mag- 
pie will certainly be punished with some terrible misfor- 
tune. If in a family the youngest daughter should be 
married before her elder sisters, they must all dance at her 
wedding without shoes. This will counteract their ill luck, 
and procure them husbands. If you meet or pass a funeral 
procession, always take off your hat. This keeps all the 
evil spirits attending the body in good humour. If, in 
eating, you miss your mouth, and the victuals fall, it is 
very unlucky, and denotes approaching sickness. It is 
lucky to put on a stocking the wrong side outwards ; chang- 
ing it alters the luck. When a person goes out to transact 
any important business, it is lucky to throw an old shoe 
after him. It is unlucky to present a knife, scissors, razor, 
or any sharp or cutting instrument, to one’s mistress or 
friend, as they are apt to divide love and friendship. To 
avoid the evil effects of this, a pin, a farthing, or some trifl- 
ing recompense, must be taken. To find a knife or razor 
denotes ill luck and disappointment to the party that finds 
it. (For much curious information on this subject, see 
Brand’s Popular Antiquities, Bohn’s edition, vol. iii., pp. 

110-255.) 

OMER, St, a strongly-fortified town of France, capital 
of an arrondissement of the same name in the department 
of Pas-de- Calais, stands on the River Aa, at the mouth of 
the Canal Neuffosse, 25 miles by railway S.E. of Calais. It 
is built partly on the declivity of a hill, and partly on low 
marshy land at its foot. It is surrounded by fortifications 
about miles in circurhference, and is further defended 
by several strong and extensive outworks; but its chief 
strength consists in its being surrounded by marshes, and 
standing on the Aa, by means of which three-fourths of its 
circuit may be protected by water. The principal streets 
are broad and regular, and the town is generally well built ; 
but the houses have a dull and gloomy appearance, being 
chiefly built of yellow or gray bricks. There are numerous 
public fountains and several fine promenades. The cathe- 
dral is a very fine building in the Gothic style, completed 
about the middle of the sixteenth century. The abbey 
church of St Bertin, at one time the finest Gothic edifice 
in French Flanders, is now in ruins from the effects of the 
revolution of 1830. The college, town-hall, arsenal, prison, 
and theatre, are the principal public buildings. There are 
several convents and hospitals, courts of justice and com- 
merce, a public library of about 20,000 volumes, and an 
English college for the education of British Roman Catholics. 

Woollen cloth, paper, beer, brandy, and leather are among 
the principal manufactures ; and an active trade is carried 
on in corn, wine, flax, wool, &c. Pop, (1856) 19,796. 

OMERCOTE, a town of British India, in Scinde, stands 
in the Eastern Desert, 90 miles E. of Hyderabad, N. Lat. 

25. 22., E. Long. 69. 47. Near the town is a fort 500 feet 
square, defended by mud walls and by numerous towers. 

Omercote was taken in 1813 by the ameers of Scinde from 
the Rajah of Joudpoor, and is the birth-place of the renowned 
Emperor Akbar, 

OMETEPE, an island of Central America, near the 
western shore of the Lake of Nicaragua, in length about 20 
miles, and in breadth 7 or 8. It is of volcanic origin, and 
contains two conical mountains of granite, thickly covered 
with forests, and of which one manifests occasionally signs 
of volcanic action. The other summit is the higher of the 
two, and its height has been estimated at 5252 feet above 
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the sea. The island contains two villages, Ometepe and nufactures of soap, leather, &c., are carried on. The har- Ongol 
Miivajralpa; and the entire population is about 1700. hour is not good ; but the situation is favourable for com- |1 

OMNIUM is a term employed at the stock exchange to merce. Pop. 5500. The province of Oneglia is moun- Onosander. 
denote the ao-i^regate value of the different stocks in which tainous in the N., and slopes gradually down to the sea. 
a loan is usuSly^ funded. (See McCulloch’s Commercial Its principal produce is olives. Pop. (1848) 60,072. 

Dictionary^ ONGOL, a town of British India, in the district of Nel- 

OMSK, a fortified town of Asiatic Russia, government lore, presidency of Madras, 189 miles N. of Madras; N. 
of Tobolsk, stands on a barren sandy plain, at the conflu- Lat. 15. 30., E. Long, 80. 6. It is large, but consists for 
ence of the Om with the Irtish, 280 miles S.E. of Tobolsk ; the most part of wretched mud hovels, covered with thatch ; 

N. Lat. 54. 59., E. Long, 72. 54. It is well built, and con- and has a ruinous fort. The scenery in the vicinity is 
tains, besides several churches, a governor’s house, hospital, picturesque ; and the country, though not fertile, is rich in 
a military school, and a college for the education of intei’- copper ore. Pop, of the town and district annexed to it, 
preters for the army, in which the languages are taught. 31,666. 

Manufactures of military clothing are carried on here ; and ONKELOS, the author of a celebrated Targum or 
here caravans start for Tashkend and Bokhara in Turke- Chaldee paraphrase of the Pentateuch, is supposed to have 
Stan. The fortifications are modern, regularly constructed in flourished during the first centuries of the Christian era, and 
the form of a polygon, and flanked by five bastions. Omsk most probably during the first. The notices of him are 
was formerly the capital of a separate government, which meagre and uncertain. He is mentioned four times in the 
has been divided between those of Tobolsk and Tomsk. Babylonian Talmud, but it is all but certain that he is there 
Pop. 11,705. confounded more than once with the Greek paraphrast 

OMUN, a town of Guinea, capital of a territory of the Aquila, who occasionally went by the same name. From 
same name, stands on an island in the Old Calabar River ; the purity of his Chaldee, it has been inferred that he was 
N. Lat. 6. 9., E. Long. 8. 15. Pop. estimated at 5000. a Babylonian ; but as we do not possess any specimens of 
ON. See Heliopolis. the Palestinian Chaldee of that time with which to com- 


ONATAS, an ancient Greek sculptor, was the son of 
Micon, and flourished at Jilgina in the fifth century b.c. 
The ascertained facts of his life, as recorded by Pausanias, 
consist mainly of short notices of his principal works. At 
Pergamus there was an Apollo ; in a sacred cave near Phi- 
galia there was a black Ceres, with the horse’s head ; at 
Delphi there was a group of statues, the votive offering of 
the Tarentines ; and at Olympia there were a Hercules, 
a Mercury, a bronze chariot, and a group representing the 
Grecian heroes drawing lots for the privilege of accepting 
the challenge of Hector. Onatas also practised painting. 
He was the assistant of Polygnotus in clecorating the ves- 
tibule of the temple of Minerva Areia at Plataea, and in 
this capacity he painted a picture representing the expedi- 
tion of the Argives against Thebes. 

ON DA, a town of Spain, province of Castellon de la Plana, 
in a hilly country, 37 miles N. of Valencia. It has broad 
and generally well-paved streets, and several squares. Manu- 
factures of earthenware, tiles, paper, &c., are carried on, and 
there are also numerous flour and oil mills. On a hill near 
the town stands a large and ancient fortress. Pop. 4517- 

ONEGA, a lake of European Russia, in the government 
of Olonetz, lies to the N.E. of Lake Ladoga, next to which 
it is the largest lake in Europe. Its shape is irregular, its 
length Irom N.N.E. to S.S.W., being about 130 miles, and 
its greatest breadth about 50 miles ; area estimated at 3400 
square miles ; its depth for the most part varies from 80 to 
100 fathoms. Near the shores there are numerous small 
islands, but the centre is quite open. It is fed by the rivers 
Migra, Shiiia, Voclla, and Vytegra ; and discharges its waters 
by the Svir into Lake Ladoga. The shores are generally 
rocky, and the waters clear, abounding in fish. 

Oneg-a, Gulf of, the south-western arm of the White Sea, 
funs into the land in a S.E. direction, having a length of 
75 miles, and a breadth at its mouth of 60 miles. It receives 
at its head the River Onega, which issues from Lake Latcha 
in Olonetz, flows N.E. to the confines of Arcliangel, and 
thence N.W. to the sea ; total length, 270 miles. It is used 
for floating down timber, but is seldom navigated on account 
of the numerous falls and rapids. 

. ONEGLIA (Fr. Oneille), a seaport-town of the king- 
dom of Sardinia, capital of a province of the same name, 
in the division of Nice, at the mouth of the Impero, 
55 miles S.W. of Genoa, and 41 E.N.E. of Nice. It is 
defended by fortifications, partly destroyed by the French 
in 1792 ; and contains a handsome church, court of justice, 
public offices, convents, grammar school, hospital, &c. Ma- 


pare his version, little weight can be attached to this con- 
jecture. The knowledge of his paraphrase is supposed by 
Eichhorn and Bertholdt to have been confined to the Ba- 
bylonian Jews only for a long time, as Origen and Jerome 
are silent regarding it. But it is to be remembered that 
these fathers had to do with Greek versions of the original 
text when they were occupied with biblical literature. 
Prideaux also concludes, from the excellency of his para- 
phrase, that he must have been a native Jew ; and there 
can be no doubt that his knowledge of the Hebrew was 
worthy of all the praise bestowed on it by the Jews. In 
point of purity, the diction of his Targum approaches the 
style of Daniel and Ezra. His work is not properly a/>am- 
phrase^ as he for the most part adheres with great litera- 
lity to the original text, which renders his version useful 
alike for purposes of criticism and interpretation. The 
Targum of Onkelos was used by the Jews as a sort of dic- 
tionary of Hebrew words. The chief editions of it are 
those of Bologna, 1482 and 1490; Lisbon, 1491 ; Constan- 
tinople, 1505; Bomberg, in his rabbinical Bibles, 1518- 
1549 ; also in Buxtorfs rabbinical Bible, and in the Paris 
and London polyglotts. A Latin translation of it, with 
valuable notes, was published by Fagi at Strasburg in 
1546 ; and an important work on the text of Onkelos ap- 
peared at Vienna in 1830, by S. D. Luzzato, under the 
title of Philoxenus. (See De Onkelo Chaldaico, PenU 
Paraph,^ Leipz. 1846; also Dr S. Dayidson’s Biblical 
Criticism^ 1854.) 

ONOMATOPOEIA (ovo/xa, name; Troiiin^l make), is the 
name applied to those w'ords which are supposed to be 
formed from an imitation of natural sounds. Such words are 
occasionally to be found in all languages, but the Greek and 
German are particularly rich in them. (See Dictionnaire 
raisonne des Onomatopees,hy Ch.Nodier, 8vo, Paris, 1808.) 

• ONOSANDER, the author of a famous work on mili- 
tary tactics, called ^rparrjyLKos Aoyos, is supposed to have 
lived about the middle of the first century after Christ, 
but nothing is known of his personal history. Subsequent 
Greek and Roman writers on military affairs made Onosan- 
der their text-book; and numerous generals, both in ancient 
and modern times, have expressed their obligations to him. 
His work was published first in Latin by Saguntinus, Rome, 
1494 ; again in Latin by Camerarius in . 1595 ; in French 
by Charrier, Paris, 1546 ; in Italian by Cotta, Venice, 1546 ; 
in English by Whytehorne, London, 1563 ; in Greek (for 
the first time) and Latin by Rigaltius, Paris, 1599. The 
J}est edition is that of Schwebel, Nurnberg, 1761, which 
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Ontarto contains the French version of Ziir-Laiiben, and notes 
II from the MSS. of Jos. Scaliger and Is.Vossius. Onosancler 

Oodcypoor. ^ Platonist, and wrote a commentary on the Republic 
of his master, which is now lost. 

ONTARIO, Lake. See Canada. 

ONTENIENTE, a town of Spain, province of Valen- 
cia, on the right bank of the Clariano, 1 1 miles S. W. of 
San Felipe. It contains a ducal palace, town-hall, three 
churches, one of which has a lofty square tower, an hospi- 
tal, and several schools. Cloth, linen, paper, brandy, and 
earthenware, are manufactured ; but the industry of the 
town is in a declining state. Pop. 9508. 

ONTOLOGY (oi', being; Xoyog, discourse) is that 
branch of pliilosophy which investigates the nature and 
properties of heing^ or reality, as distinguished from pheno- 
menon, or appearance. (See Metaphtsics.) 

ONYX. See Mineralogy. 

OOCHEYRA, a native state of India, under the super- 
intendence of the lieutenant-governor of the North-Western 
Provinces of Bengal. It lies between N. Lat. 24. 10. and 
24. 36., E. Long. 80. 35. and 81. 4., and is bounded on 
the N.E. by the jaghire of Sohawul and by Rewah, E. 
by Rewah, S.E. by Myheer, and W- by Punnah ; area, 436 
square miles. The chieftain of this state having been 
convicted of the murder of his brother, was deposed and 
banished by the British government, who assumed the 
management of affairs during the minority of his son. He, 
however, when he assumed the power in 1838, found him- 
self totally unable to conduct the government, and at his 
own request, the country was again put temporarily under 
British administration. The annual revenue is estimated 
at L.6632, and the population at 120,000. 

OODEPOOR CHOTA, sometimes called Mahur^ a 
district of British India, in the Rewa-Caunta, province of 
Guzerat, bounded N. by Deoghur-Barreea, E. by Allee- 
Mohun, S. by the districts of Akraunee and Mewassee, and 
W. by the territory of the Guicowar. It lies between N. 
Lat. 22. 2. and 22. 32., E. Long. 73. 47. and 74. 20.; 
and has an area of 1059 square miles. It is watered by 
the Orsung, an affluent of the Nerbudda. It was formerly 
an independent state under British protection ; but in 
1855, on the discovery of a systematic bribery of the 
natives attached to the political agent’s office, the state was 
annexed to the British possessions. The capital is Oode- 
poor, a town on the Orsung, 105 miles S.E. of Ahmedabad, 
with a population of 6000. 

OODEYPOOR, or Mewar, a Rajpoot state of India, 
bounded on the N. and W.by the British district of Ajmere 
and the native states of Godwar and Serohee, S.by theMyhee- 
Caunta, Dongiirpore, and Banswara; and E. by Purtab- 
ghur, Tonk, Gwalior, and Boondee. It stretches from N. 
Lat. 23. to 25. 56., and from E. Long. 72. 50. to 75. 
38.; has a length of 150 miles, a breadth of 130, and an 
area of 11,614 square miles. The south-western part of 
this territory is occupied by the Aravulli Mountains, which 
extend thence along the frontiers of Oodeypoor northwards 
to Ajmere. To the north of Komulraair, this chain takes 
the name of Mhairwarra, and at this part it varies from 6 
to 15 miles in breadth. The wild and deep glens of these 
mountains are occupied by Bheels, Minas, and Mairs ; and 
the fastnesses of the southern part of the range have like- 
wise given shelter to numerous native tribes, acknowledg- 
ing no^ superior power, and paying no tribute. The geolo- 
gical formation of the mountains consists for the most part 
of granite, quartzite, and gneiss ; and many valuable mine- 
rals are obtained here. Tin, silver, and copper are the prin- 
cipal metals that occur. The remainder of the country 
has an average elevation of 2000 feet above the level of 
the sea, and slopes gradually from S.W. to N.E. The 
principal rivers are the Banas and the Beris, flowing N.E. 
from the foot of the mountains. The rana or prince of 
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Oodeypoor is regarded as the head of the Rajpoot States, Oodeypoor 
although his supremacy is not acknowledged in any other II 
respect; from which circumstance it has been inferred that 
these princes were formerly possessed of real power over y 
the whole of Rajpootana. The state of Oodeypoor be- 
came tributary to the British government by the treaty of 
1818; and the amount of tribute was originally fixed at 
L.22,400 per annum, but this was reduced in 1848 to 
L.20,000. A corps of Bheels was raised in 1841 at the 
joint expense of the British and Oodeypoor governments, 
in order to reduce to subjection the Bheel districts of the 
country ; and this has been performed with complete suc- 
cess. Pop. estimated at 1,161,400. ' 

Oodeypoor, the capital of the above state, stands on a 
low ridge, in a valley surrounded by hills, 70 miles W. of 
Neemuch, 135 S.W. of Nusseerabad, and 395 N.of Bombay ; 

N. Lat. 24. 37., E. Long. 73. 49. It presents a grand and 
beautiful appearance when seen from the east, but on a 
nearer approach is seen to be but ill built. The palace, a fine 
^anite building 100 feet high, stands on a rock overlook- 
ing the city, and an artificial lake formed by the embank- 
ment of a stream. The town is said to have been founded 
and named after Oody Singh, Rana of Mewar, in 1568, and 
it was formerly very populous ; but though in recent times 
the place has been recovering somewhat of its prosperity, 
it was estimated in 1818 to contain not more than 3000 
houses. 

OOJEIN, a city of India, in the territory of Gwalior, 
stands on the right bank of the Seepra, 152 miles S.W. of 
Goonah, 260 S.W. of Gwalior, and 598 W.S.W. of Alla- 
habad; N. Lat 23. 10., E. Long, 75. 47. It is of an ob- 
long form, 6 miles in circumference, and is surrounded by 
a wall of stone, with round towers. The houses are very 
much crowded together, and are for the most part built either 
entirely of wood, or of a wooden framework filled up with 
brick, with roofs in some cases sloping and tiled, and in 
others consisting of terraces, after the eastern fashion. The 
principal bazaar consists of a broad and well-paved street, 
lined with houses of tw-’o stories in height, the lower of 
which, of stone, contain the shops, and the upper, of brick, 
form the dwellings. There are in the city four mosques 
and many Hindu temples ; a large and convenient, though 
not very handsome palace belonging to the Scindia family; 
and an observatory, built by Jai Singh, Rajah of Jey- 
poor, and minister of Mahomed Schah, Emperor of Delhi 
(1719-1748). Oojein is one of the seven sacred cities of 
the Hindus ; and from it the degrees of longitude are calcu- 
lated by the Hindu geographers. It is of great antiquity; 
being believed to be the place mentioned by Ptolemy under 
the name of Ozoana. Vikramajit, King of Oojein, wdio 
ascended the throne in 57 B.C., was so celebrated in India 
that the Samvat era, which dates from the beginning of 
his reign, is still universally used' throughout Hindustan ; 
and his son Chandrasen is said to have ruled over the whole 
of India. Oojein fell into the power of the Mohammedans 
in 1310, At this time it was the capital of Malwa; and 
along with this country it afterwards came under the power 
of the Patans, but was recovered by Akbar in 1561. In 
the middle of the eighteenth century it was conquered by 
the Mahrattas, and was regarded as the capital of Scindia’s 
dominions till 1810, when the seat of government was 
transferred to Gwalior. 

OOMRAWUTTEE, a town of British India, in one of 
the districts of Hyderabad, ceded by the Nizam to the 
British government, 245 miles N. of Hyderabad, and 350 
N.E. of Bombay. It is of great commercial importance on 
account of the cotton grown in the surrounding districts, 
which is conveyed to the town, there cleaned, and sent for 
exportation to Bombay and Calcutta. Many mercantile 
firms are established here ; and most of the great houses in 
Upper India have either branches or correspondents at 
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Oorcba Oomrawuttee. This place enjoys great advantages on ac- 
II count of its freedom from transit duties; and will, before 

bg connected with Bombay by a line of railway. 

OORCHA, a town of India, capital of a raj or princi- 
pality of the same name in Bundelcund, 131 miles N. of 
Saugor, 142 S.E. of Agra, and 743 N.W. of Calcutta; 
N. Lat 25. 21., E. Long. 78. 42. It is built on a rocky 
hill, is about 3 miles in circuit, and is surrounded by an 
uncemented wall of unliewn stones, which has three lofty 
gateways. In the town is a fortress, separated from the 
rest of the buildings by a branch of the Betwa, which is 
filled with water during the time of the inundations, and 
crossed by a wooden bridge. In the fortress stands the 
residence of the rajah, and a handsome palace ; while in the 
town there is a temple adorned with lofty spires. The raj 
of Oorcha, which is also frequently called Tehree, from a 
town of that name, where the rajah generally resides, has 
an area of 2160 square miles, yields a revenue of L.60,000 
per annum, and maintains a force of 7000 or 8000 men. 
Pop. of the raj, 192,000. 

OORT, Adamyan, the teacher of Rubens, was born 
at Antwerp in 1557* His early style, acquired under the 
tuition of his father, was marked by careful and correct 
drawing, and raised him to a high place in his profession. 
He was employed to decorate many of the churches and 
public edifices in Flanders ; he received into his school of 
painting such promising pupils as Rubens, Jordaens, Franck, 
and Van Balen ; and so excellent did his artistic skill be- 
come, that, according to the greatest of his scholars, a 
course of study at Rome was the only training requisite to 
render him the first historical painter of his day. But the 
loose moral character of Oort prevented his further success. 
His cruel outbursts of passion drove away all his pupils 
except his future son-in-law Jordaens; his intemperance 
palsied his hand and broke up his studious habits ; and the 
pictures he executed before his death, in 1641, were full of 
negligence and mannerism. 

OOSTERHOUT, a town of Holland, in the province 
of North Brabant, 5 miles N.E. of Breda. It has a town- 
house, churches, and schools. There are here potteries, 
producing a kind of earthenware which is highly prized ; be- 
sides breweries, tanneries, corn-mills, &c. Some trade is 
carried on in corn, timber, and cloth. Pop. 7500. 

OOTAKAMUND, a town of British India, presidency 
of Madras, district of Coimbatoor, stands on the Neilgherry 
Hills, at an elevation of 7300 feet above the sea, 32 miles 
N.W. by N. of Coimbatoor. It is partly occupied by 
natives, and partly by Europeans ; the houses of the latter 
being scattered along the slopes of the valley in which it 
stands, while those of the natives are more closely collected 
together. There is an elegant church, and public gardens. 
Ootakamund is the principal as w^ell as the most elevated 
sanatory station on the Neilgherry Hills. It was founded 
in 1822. 

OPERA, a lyrical drama set to music in recitations, airs, 
duetts, trios, quartetts, choruses, and finales; preceded by 
an instrumental overture, and accompanied by an orches- 
tra; and, when performed, enforced and embellished by 
action and declamation, and appropriate costumes and 
scenery. The opera appears to have originated at Flo- 
rence about the end of the sixteenth century. (See Donfs 
VTorks, passim.) The Italians divide their operas into four 
kinds ; the sacred opera^ the serious opera^ the semi-serious 
operaj and the opera huffa^ or comic opera. The French 
have their grand! opera^ in which the whole lyrical drama 
is sung ; and the opera comique, in which the singing is 
intermingled with spoken dialogue. The Germans have a 
greater variety of such distinctions of operas ; as the grand 
opera^ the serious opera^ the tragic opera^ the heroic opera^ 
the romantic opera, the allegorical opera, the military 
melodrama^ the comic opera, and some others. 
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(Much amusing and interesting matter relative to the rise Ophicleide 
and progress of the opera may be found in Dr Burney’s H 
Tours and History, in the Baron de Grimm’s Correspon- Ophir. 
dence, and in various German periodicals conducted by 
musicians. See also Arteaga, Manfredini, Signorelli, &c. 

For some technicalities relative to operatic music, see the 
article Music.) ^ (g. f. g.) 

OPHICLEIDE. See Music. 

OPHIOLOGY (o<^is, a serpent, Aoyo5, a discourse) is 
that branch of zoology which treats of serpents. (See Rep- 

TILIA.) 

OPHIR, the name of a place, country, or region 
famous for its gold, which Solomon’s ships visited in com- 
pany with the Phoenician. Regarding its locality there are 
several interminable controversies. We shall lay before 
the reader the exact amount of our information respecting 
the subject, and show how far it applies to what appears to 
be the three most probable localities, — namely, Arabia, 

Africa, and India. Our information amounts to this, 
that King Solomon made a navy of ships in Ezion-ge- 
ber, which is beside Eloth, on the shore of the Red Sea, 
in the land of Edom ; that his Phoenician neighbour and 
ally, Hiram, King of Tyre, sent in this navy his servants 
along with the servants of Solomon ; that they came to 
Ophir, and fetched from thence gold, and brought it to 
Solomon ; and that they brought in the same voyage algum 
or almug trees and precious stones (1 Kings x. 11), silver, 
ivory, apes (or rather monkeys), and peacocks (according 
to some, pheasants, and to others, parrots). The first theory 
which appears to be attended with some degree of evidence 
not purely fanciful is, that Ophir was situated in Arabia. 

In Gen. x. 29, Ophir stands in the midst of other Arabian 
countries. Though gold is not now found in Arabia, yet 
the ancient writers, both sacred and profane, ascribe it to 
the inhabitants in great plenty. We may also suppose, 
along with some authors, that Ophir, situated somewhere 
on the coast of Arabia, was an emporium at which the 
Hebrews and Tyrians obtained gold, silver, ivory, apes, 
almug trees, &c., brought thither from India and Africa by 
the Arabian merchants, and even from Ethiopia. In favour 
of the theory which places Ophir in Africa, it has been 
suggested that we have the very name in hir.s, ofir, and 
that the Chald. Targumist on 1 Kings xxii. 48 so under- 
stood it, where he renders by ; probably in- 

ferring from 2 Chron. xx. 36, that to go to Ophir and to 
Tarshish was one and the same thing, Origen also says, 
on Job xxii. 24, that some of the interpreters understood 
Ophir to be Africa. Michaelis supposes that Solomon’s 
fleet, coming down the Red Sea from Ezion-geber, coasted 
along the shore of Africa, doubling the Cape of Good Hope, 
and came to Tarshish, which he, with many others, sup- 
poses to have been Tartessus in Spain, and thence back 
again the same way ; that this conjecture accounts for their 
three years’ voyage out and home ; and that Spain and the 
coasts of Africa furnished all the commodities which they 
brought back. Others have conjectured that Solomon’s 
fleet, after reaching Spain by that course, came home by 
the Mediterranean ; thus completing a circuit which Hero- 
dotus relates to have been completed by the mariners of 
Neclio, King of Egypt. In behalf of the conjecture that 
Ophir was in India, the following arguments are alleged, — 
that it is most natural to understand from the narrative that 
all the productions said to have been brought from Ophir 
came from one and tlie same country, and that they were all 
procurable only from India. The Sept, translators appear 
to have held this opinion, from rendering the word 
Sovcjbtp, 2a)<^)tpd, which is the Egyptian name for that 
country. Josephus also expressly and unhesitatingly 
affirms that the land to which Solomon sent for gold was 
“anciently called Ophir, but now the Aurea Chersonesus, 
which belongs to India;” and the Vulgate renders the 
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Opie, words ‘‘the gold of Ophir’’ (Job xxviii. 16) by ‘‘tmctis 
Indise coloribus ” There are several places, such as Ma- 
lacca, comprised in that region which was actually known as 
India to the ancients, any of which would have supplied the 
cargo of Solomon's fleet (Among other works on this con- 
troversy not before referred to, see Wahner, De Regione 
Ophir ; Tychsen, “De Commerc. Hebr." in Commentt. 
Gott, xvi. 164, &c. ; Hiietii Commentntio de Navigatione 
Salomonis ; Reland, Dissertt MiscelL i. 172 ; or in Ugolini 
T/iesaurus, vii.) 

OPIB, John, an eminent painter, was born in the 
parish of St Agnes, near Truro in Cornwall, in 1761. 
Although he was the son of a poor carpenter, and was 
placed at a very early age in his father’s shop, his artistic 
genius could not be suppressed. He decorated the walls 
of his paternal cottage with likenesses of his friends, and 
covered the deals which he planed with comic drawings in 
red chalk. But it was Dr Wolcott, better known as 
“ Peter Pindar,” who was the chief instrument in fostering 
his talents. That eccentric satirist, who was then a physi- 
cian at Truro, hired him as a menial, encouraged his aspira- 
tions, and took the charge of his fortunes. After allowing 
him to gain facility of hand by practising as an itinerant 
portrait-painter, he brought him to London in 1781, and 
with both prose and verse introduced him to the world as 
“ The Cornish Wonder.” The public, who are always glad 
of anything to stare and gape at, w'ere roused. The peasant 
artist soon found himself the gazing-stock of all the minions 
of fashion ; it became no uncommon circumstance for the 
street in front of his house to be blocked up with carriages ; 
and before a year had passed, he had painted the principal 
nobility, and had realized a handsome sum of money. But 
the tide of success which had risen so suddenly as suddenly 
ebbed. The fashionable world began to perceive that the 
manners of the rustic painter were too homely to be tole- 
rated in their refined presence, and that his style of por- 
traiture was too vigorous and natural to do justice to their 
aristocratic features. Accordingly they deserted him for 
some other novelty ; the rest of the public followed their 
example ; and even Peter Pindar, ofiended at some neglect, 
either real or imaginary, began to cast gibes at the man he 
had formerly eulogized. It was under these unexpected 
disappointments that the full strength of Opie’s character 
began to appear. He set himself to remedy his defective 
education by studying the English classics, and by mingling 
in literary society. At the same time, his devotion to his 
art continued unabated ; and though dexterous in execut- 
ing a picture, he became careful in conceiving it, and fas- 
tidious in correcting it. The results of such unwearied 
industry were great and palpable. It is true that he never 
attained to refinement in his portraits, or to poetry in his 
historical pieces ; but both in his portraits and historical 
pieces there was latterly a power of imitating the colouring 
of nature which, according to West, no artist had ever 
rivalled. Some of his historical pieces came into favour 
with the public; and his portrait of Fox was for a while 
the talk of the town. Soon after 1801 more commissions 
began to flow in upon him than he could execute. In 
1807 the height of his ambition was attained, when he was 
raised to the professorship of painting in the Royal Aca- 
demy. ^ But he did not long enjoy his elevation. After 
delivering four lectures on Design, Invention, Chiaroscuro, 
and Colouring, he died on the 9th April 1807, and was 
buried near Sir Joshua Reynolds. His widow, the well- 
known writer, published his Lectures on Painting^ with a 
Memoir, in 1809. 

Some of the most popular pictures of Opie are, “ The 
Murder of James I. of Scotland,” “ The Death of Rizzio,” 
“ Arthur taken Prisoner,” “ Hubert and Arthur,” “ Belisa- 
rius,” and “Juliet in the Garden.” (Cunningham’s Lives 
of PainterSf &c.) 


Opie, 'Amelia, the wife of the preceding, was the 
daughter of Dr Alderson, a physician in Norwich, and was - .11 
born there in 1769. The circumstances of her early life 
gave the bent to her after-career. In her girlhood she 
beguiled the solitude of her father’s summer-house by com- 
posing songs and tragedies ; on her visits to London, the 
superior society into which the accomplishments of her 
mind and the graces of her person introduced her, served 
to stimulate her aspirations; and after her marriage in 1798, , 
she was encouraged by her husband to become a candidate 
for literary fame. Accordingly, in 1801, she published a 
novel entitled Father and Daughter, Although this tale 
showed no artistic ability in dealing either with incidents 
or with characters, yet it was the work of a lively fancy and 
a feeling heart, and speedily brought its author into notice. 

She was encouraged to publish a volume of sweet and 
graceful poems in 1802, and to persist in the kind of novel- 
writing which she had so successfully commenced. Ade~ 
line Mowbray followed in 1804, and Simple Tales in 1806. 

The death of her husband in 1 807, and her return to Nor- 
wich, did not slacken her industry. She published Temper 
in 1812, Tales of Real Life in 1813, Valentine's Eve in 
1816, Tales of the Heart in 1818, and Madeline in 1822. 

At length, in 1825, her assumption of the tenets and garb 
of the Quakers checked her literary ardour, and changed 
her mode of life. Besides a volume entitled Detraction 
Displayed, and several contributions in prose and verse to 
various periodicals, nothing afterwards proceeded from her 
pen. The rest of her life was spent in travelling and in 
the exercise of Christian benevolence. She died at Nor- 
wich in 1853. A Life of Mrs Opie, by Miss C. L. Bright- 
well, was published in 1854. 

OPITZ, Martin, Von Boberfeld, the father of modern 
German poetry, was born at Biinzlau in Silesia in 1597. At 
the universities of Frankfort and Heidelberg he studied his 
native literature, in addition to the regular branches of edu- 
cation. During the migratory life which he then began to 
lead his favourite study was not forgotten. While occupying 
the chair of philosophy and humanities at Weissenburg, in 
1622, he published his first poem, Zlatna oder von der 
Ruhe des Gemuths, At Vienna, in 1624, the death of the 
Archduke Charles afforded him a subject for an elegy, a 
production which was rewarded by Ferdinand 11. with a 
laurel crown and a patent of nobility. During his residence 
at Dantzic, where he held the office of secretary and his- 
toriographer to the Polish king, he published several poems 
and translations, among which were versions of Antigone 
of Sophocles, and of the Psalms, It was in this city that 
he was cut off by the plague in 1639. Opitz is now remem- 
bered less on account of his poetical excellence than for the 
correctness and purity of style which he introduced into 
German poetry. He was also the author of several prose 
works, of which his treatise on German Poetry is most 
esteemed. (See in particular Umstandliche Nachricht 
von des xveltherulmten Schlesiers M. Opitzen von Bober- 
feld^s Lehen, Tode und Schrften, von C. G. Lindner, 2 
vols., 1740-41.) 

OPIUM, the concrete juice of the white poppy {Pa- 
paver somniferum,) a plant of the* natural order Papaver- 
acece. It is obtained by incisions made in the green capsule 
of the plant when nearly at maturity, from which it exudes 
as a milky juice that concretes in a brownish mass, which 
is scraped off the capsule, and collected into lumps such as 
are found in the market. It is termed by Dioscorides 
fiTjmvos Giro?, sap or juice of the poppy. It was anciently 
prepared in nearly the manner above described, and seems 
to have obtained its name from the Greek word ottos. It 
was used as a hypnotic by the ancients; and was long 
employed in modern times ere it was analysed. About 
1812 it was found by Serturner to be a compound sub- 
stance ; and the subsequent researches of Pelletier, Robi- 
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quet, MliUer, Anderson, and others, have detected in it no 
less than sixteen ingredients^ besides saline matters,— 


1* Morphine 

2. Nnrcotine. 

3. Thebaine. 

4 Codeine. 

5. Narceine. 

6. Porphyrosine. 

7. Meconine. 

8. Meconic acid. 


9. Papaverine. 

10. Brow n extract. 

11. Caoutchouc. 

12. Resin. 

13. Concrete oil. 

14. Gum. 

15. Bassorine. 

16. Lignine. 


The first nine are crystallizable, the rest amorphous. 

The therapeutic or medicinal properties of the drug are 
due to the morphine alone ; and it was a vast improvement 
in pharmacy to separate it from the other ingredients, which 
impair its power, or produce disagreeable effects in certain 
individuals. Thus, some persons suffer from headache, 
nausea, or intense itching of the skin, from crude opium, 
who do not experience these effects from morphia, which, 
on account of its insolubility in water, is generally adminis- 
tered as a muriate or an acetate. The quantity of morphine 
differs somewhat in different kinds of opium. The best 
Turkey opium produces usually from 6*25 to 7*80 per cent, 
of pure muriate of morphia, containing 12 per cent, of the 
acid; but it is stated that an opium obtained from the 
purple variety of the P. somniferum in Germany con- 
tains a much larger quantity of this valuable principle. 
The only other principle in opium of importance is the me- 
conic acid, which affords to the toxicologist his best means 
of detecting the administration of opium or laudanum with 
a criminal intent. 

Formerly all our opium came from Asia Minor, and 
the opium of Turkey is still considered the best ; but a 
few years ago the poppy began to be extensively culti- 
vated in India, especially in Bengal and Malwah, the 
greatest part of which is sent to China, to the extent, in 
1856, of 4,735,500 lb. From Turkey, in the same year, 
we imported 74,914 lb. ; from Egypt, 2958 lb. ; from the 
Black Sea and other places, 2652 lb.; or in all, 81,524 lb. 
Of this quantity, 42,329 lb. were entered for home con- 
sumption, but principally employed in the manufacture of 
the salts of morphia, which are largely exported to various 
parts of the world. Good opium is also produced in Eng- 
and, in France, and Germany ; but the principal European 
supplies come from Asia, though it has been successfully 
cultivated in this quarter of the globe. 

A good description of the preparation of opium in India 
is given by Dr Joseph Hooker, who studied the process at 
Patna, one of the principal opium districts. The capsules 
are incised by a rude sort of knife with three or more blades, 
called nustur^ which is drawn along the capsules during the 
hottest time of the day : the white juice exudes and con- 
cretes into opium, which is scraped off in the morning. If 
the night dews are heavy, or if rain falls in the interval, the 
quality of the drug is much impaired. By 10 a.m, the 
process of collecting is finislied ; and an expert operator 
will thus produce in twenty-four hours about half a pound of 
opium. Dr Hooker considers the Indian opium inferior to 
the Turkish; and it certainly yields less morphia. The 
opium when collected is put into jars, called godowns, for 
transportation to Patna, where it undergoes the following 
process to prepare it for the market, according to Hooker: — 


** At the end of March the opium jars arrive at the godowns by- 
water and hy land, and continue accumulating for some weeks. 
Every jar is labelled and stowed in a proper place, separately tested 
with extreme accuracy, and valued. The contents of all are thrown 
into capacious vats, occupying a very large building, from whence 
the mass is distributed to be made into balls for the markets. This 
operation is conducted in a long paved room, up and down which 
the workers sit ; every man is ticketed, and many overseers are 
stationed to see the work properly conducted. Each workman sits 
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on a stool, ^yith a double stage before him, and a tray. On the top Oporto, 
stage is a tin basin containing opium sufficient for three balls; in y 
the lower, another basin cor taining water. In the tray stands a 
brass hemispherical cup, in which the ball is worked. To the man’s 
right hand is another tray with two compartments — one contain- 
ing thin pancafees of poppy petals, the other a cupful of sticky 
opium-water, made from refined opium. The man takes the brass 
cup and places a pancake at the bottom, smears it with opium- 
water, and with many plies of the pancake, makes a coat for the 
opium. Of this he guesses at oue-third of the mass before him, 
puts it inside the petals, and agglutinates many other coats over it. 

The halls are again weighed, and reduced or increased to a certain 
weight, if unequally made up. At the day’s end, each man takes 
his work to a rack with numbered compartments, and deposits in 
it that which answers to his own number. From thence the balls 
are carried by boys to the drying-room, each being put in a clay 
cup, and exposed in tiers in the enormous building called the dry- 
ing-room, where they are constantly examined and turned, to pre- 
vent their being attacked by weavils, which are very prevalent 
during north-east winds— little hoys creeping along the racks all 
day long for this purpose. When dry, the balls are packed in two 
layers of six each, in chests, with the stalks, dried leaves, and 
capsules of the poppy plant, and sent down to Calcutta for the 
opium market, whither every ball is exported. A little opium is 
prepared, of very fine quality, for the Medical Board, and some for 
general sale in India; but the proportion is trifling, and such is 
made up into square cakes. A good workman will prepare from 
30 to 60 halls a day — the total produce being 1000 to 1200 a day. 

During the working season 1,353,000 balls are manufactured for 
the China market alone.” 

The principal use which the Chinese make of opium is 
to smoke it with tobacco, when it produces a languor so 
pleasing and seductive that those who indulge in it are as 
little able to resist the temptation to repetition as the 
drunkard to relinquish his strong potations. The effects of 
this vice are even more debasing than that of habitual 
intoxication by alcoholic liquors, — enfeebling rapidly both 
the mental and bodily powers. The Chinese have long 
been the principal consumers of opium ; and notwithstand- 
ing the drug has latterly been cultivated to a considerable 
extent in China, the imports into that empire have been 
largely and rapidly increased. So much is this the case, 
that while the imports in 1827-30 did not exceed 16,000 
chests, they now (1856-57) amount to from 65,000 to 
70,000 chests — that is, to from 10,000,000 lb. to 10,800,000 
Ib.^ This opium is entirely supplied by India ; and being 
subjected to a high duty, partly levied on its production 
and partly on its exportation, it produces to the Indian 
treasury a net return of nearly four millions sterling a year 
(in 1855-56, L.3,714,353) ; every shilling of which is, of 
course, derived from the foreign consumers of opium, or 
Chinese. This system has been much objected to, but 
without any good reason. The high price charged for the 
drug must, of course, lessen its consumption, and conse- 
quently, also, the injurious effects which it is said to occa- 
sion; so that, while the system we adopt yields a large 
revenue, it obstructs what is said to be the demoralization 
of the Chinese. The increasing use of opiates among our 
operative classes has been strongly condemned by many 
writers, though we would fain hope that the prevalence of 
the practice has been somewhat exaggerated ; and the in- 
ferences on this head, from the quantity of opium imported, 
do not take into account the large exportation of salts of 
morphia from Britain, which in 1856 amounted to no less 
than 112 lb. — equivalent to two-thirds of the opium entered 
for home consumption. 

(See Annalen der PTiarmakie^ tom. iv. ; Journal de 
Pharmacies tom. viii. ; Parliamentarg Reports^ “Poisons;’' 
Cliristison’s Toxicology, Q.n6. Dispensatory ; Pharma ceuti-- 
cal Journals vol. xi. ; Dr J. Hooker’s Botanical Journals 
vol. i.) 

OPORTO (o PortOs '^The Port”), the second city of the 
kingdom of Portugal, province of Entre Douro e Minho, the 


40,000 to 60,000 chests of Bengal opium, at 160 lb. a chest, and from 20,000 to 25,000 Malwa opium, at 140 lb. per chest. 
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Oporto, best cultivated and the most fruitful province in the kingdom, 
stands on the northern bank of the Douro, about a league 
from its mouth, in Lat. 41. 11. 15. N,, Long. 8. 8. 22. W. 
Passengers by steamers and the larger vessels usually land 
at the town of SSo JoSo de Foz, built on low land at the 
mouth of the river, where there are a castle and lighthouse. 
The dangerous bar of the Douro, upon which many vessels 
have been wTCcked, is near Foz. To add to the difficulties 
of the passage, the bar is continually altering its position. 
The river itself is liable to sudden risings after heavy falls 
of rain on the mountains. 

It appears from the Itinerary of the Emperor Antoninus, 
that in the year a.d. 160 there was a town on the river over 
against the present city which bore the name of Cago or 
Gaia. At a subsequent period the,Alani entered Lusitania, 
and founded a city on the site of the present Oporto, which 
they called Castrwn Novum, in distinction to the Castrum 
Antiquum of the opposite bank. About the year 540 this 
portion of Lusitania was taken possession of by the Arian 
Goths under Leovogildo, who caused all persons refus- 
ing to adopt his opinions to be put to the sword, even, 
it is said, his own sons. In 716 the Goths gave way to the 
Moors under Abdul Hassan, who conquered Galicia, and 
seized the whole country as far as the Hiver Douro. The 
place afterwards fell into the hands of the Christians, and 
they were attacked by the Moors under Abderrahman in 
820, A battle was fought at Campanha, in which Alfonso I. 
commanded the Christians. The Moors were defeated, and 
a part of the city whence the Christians issued to the contest 
received the name Batalha, which it still retains. However, 
such was the fluctuating fortune of the contending races, 
that the place afterwards fell under the power of the Moors, 
by whom it was retained until 1092, when certain knights of 
Gascony, commanded by Don Alfonso Fredrico, subdued the 
city, and it was ever afterwards retained by the Christians. 
In later times Oporto has been notorious for popular out- 
bursts. In 1756 there was an insurrection on account of 
the creation of the wine monopoly, and twenty-six persons 
suffered death. On the 11th May 1809 the Duke of Wel- 
lington passed the Douro here, and surprised Soult, who 
fled. The latest event of importance was its siege in 1832 
and 1 833 by Dom Miguel, and its successful defence by 
Don Fedro with 7500 men. In this siege the city suf- 
fered severely, and more than 16,000 of the inhabitants 
were killed. 

Oporto extends for about 3 miles along the river. The 
streets, though irregular, are tolerably well paved, kept 
pretty clean, and some of them are spacious. The principal 
buildings are, — the cathedral, originally of pointed Gothic, 
but barbarously mangled in later times ; the bishop’s pa- 
lace, perched on a high rock, and containing a noble stair- 
case ; the Torre dos Clerigos, a tower 210 feet high, built 
of granite in 1779, commanding an extensive view, and 
visible from vessels 30 miles away; the English factory- 
house, a building 70 feet by 90, erected in 1790, and contain- 
ing a ball-room, library, refreshment-room, &c. ; the build- 
ing, formerly a Capuchin monastery, in which the museum, 
.and public library containing 70,000 vols., are deposited ; 
.barracks capable of housing 3000 men ; the Royal Hospital, 
commenced, like many of the edifices in Portugal, on an 
extravagant scale of vastness, and therefore incomplete ; 
the foundling hospital, which annually receives from 1000 to 
2000 infants ; and a large Italian opera-house. Amongst the 
numerous churches, that of S. Francisco is large and sorae- 
what imposing; and the, Cedo-feita church, very ciu*ious. 
The church of our Lady of Lapa is a Iiandsome Corinthian 
edifice, forming a well-known landmark. The chapels are 
very numerous ; the monasteries, which- formerly existed 
here to the number of twelve, and the five convents, have 
been suppressed. The English, have a chapel and ceme- 
tery, and maintain a chaplain here. Oporto is lighted with 
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gaSf manufactured by a company, of which the chief pro- Oporto, 
prietors are British residents. Electro-telegraphic wire 
connect Oporto with the government offices at Lisbon. 

The manufactures of Oporto are on a small scale, and 
the produce is of » a very poor quality. There are iron- 
foundries, cooperages, sugar-refineries, and roperies; boats ^ 
and small ships are built here. Oranges are grown in the 
neighbourhood, and camellias flourish remarkably well. 

The olive tree receives less attention here than in other 
parts of Portugal. Oporto has a botanical garden. Small 
quantities of tin and quicksilver are extracted in the neigh- 
bourhood. The chief exports, besides wine, are oil, oranges, 
and other fruits, cream of tartar, shumach, and cork. The 
principal imported articles are, — corn, rice, coffee, sugar, 
manufactured goods, hardware, and timber. Oporto has a 
bank which enjoys good credit, and is of great use in com- 
mercial operations; four insurance companies, a govern- 
ment industrial school, a lyceum, an academia polytecJinica 
with ten chairs, a medico-chirurgical school with nine chairs, 
an academy of fine arts with four chairs, and a public library 
belonging to the municipality. Nine daily newspapers are 
published here. The receipts at the custom-house in 1853 
amounted to upwards of L.33,200, and the receipts from 
the duties levied on articles of consumption entering the 
city amounted to L.22,250 in the same year. Portuguese 
steamers connect Oporto with other parts of the kingdom, 
and British steamers establish a communication with Eng- 
land. The wine known in this kingdom as port, and which 
has hitherto found its largest market here, is produced in 
a mountainous district called the Alto-Douro, which is 
distant from Oporto about 15 leagues. The dimensions 
of the district are about 8 leagues by 4, and the rocks 
upon which the soil rests are of igneous origin. The sur- 
face is extremely irregular, and the roads very bad. The 
climate is an extreme one, being cold in winter and hot in 
summer. Until the vine disease entered the district it pro- 
duced about 105,000 pipes of wine annually, the average 
produce being rather more than one pipe per acre* The 
expense of a pipe of wine varies from 15s. to 60s., according 
to the nature of the ground. The vines are cultivated in 
termces, and not suffered to grow higher than 3;| feet, the 
effect being by no means pleasing to the eye. In the course 
of a year the soil is turned over three times : firstly, in au- 
tumn, when the earth is hollowed round the roots of the 
plants with the view of catching the rain ; secondly, in April, 
when the earth is replaced round the roots witii the view 
of defending them from the sun’s power ; thirdly, when the 
fruit begins to ripen. Tlie chief part of the work of culti- 
vation is done by men from Galicia, about 8000 of whom 
are thus employed in the district. The pay of the men is 
from sixpence to eightpence a day, with food. The vintage 
commences in the latter part of September, and continues 
nearly a month. Women and children pick the grapes, 
wliich are removed in baskets by Gallegos (the inliabirants 
of Galicia), who carry them to the wine-press, where the 
juice is extracted by the pressure of men’s feet. TJie must 
is placed in casks to ferment ; and after this process has 
been gone through, the wine is transferi*ed to large vats, 
where a second fermentation ensues. . Great Britain is the 
great market for port wine, but a very small part of that 
which reaches the island is the pure produce of the grape. 

Certain regulations of the Portuguese government hamper 
the importer — no wine being permitted to leave the country 
without the sanction of a committee of ])ersons, who only 
allow a strong, black, sweet wine to be exported. It is said 
to follow, that the best wines of the country are either kept 
back, or must be treated with brandy, elder-beiries, &c., be- 
fore they can obtain the necessary license. None of the beau- 
tiful white wines of the district reacli this country; and wines 
which would rival the claret, Burgundy, See., of other places, 
we never hear of. Of late years a disease has ravaged the 



520 O P P 

Oppeln grapes of Portugal, and the produce of wine has been greatly 
II. reduced. Previously the average annual produce of the 

Oppian, Alto-Douro district amounted to between 80,000 and 90,000 
pipes, of which about 28,000 pipes were exported. ^ In 1854 
Great Britain imported 22,800 pipes of port wine, that 
being about the average amount for the preceding ten 
years. 

The length of Oporto along the river is nearly 3 miles, 
and its inhabitants amount to about 90,000. Many British 
merchants, chiefly connected with the wine trade, reside 
here; and there is a British consul, as well as an English 
chaplain and English medical men. The public conveyances 
consist of hackney coaches, bullock carriages, and a few 
omnibuses, connecting some of the neighbouring towns 
with Oporto. A railway is in contemplation between this 
place and Lisbon, but many years must elapse before such 
an expensive work can be completed. One, of the chief 
wants of the kingdom is good internal communication by 
means of roads, but the impoverished state of the country 
is too great to allow of these being soon made. 

OPPELN, a government of Prussia, occupying the 
greater part of Upper Silesia, is bounded on the N. by the 
government of Posen, N.W. and W. by that of Breslau, 
S. by Austrian Silesia, and E. by Poland. It has an area 
of 5148 square miles, the greater part of which is covered 
.with mountains and hills. The Oder traverses it from S. 
to N. ; and the only other large river is the Vistula, which 
forms the boundary of the government to the S.E. There 
are, however, numerous small lakes and ponds which give 
rise to streams; and the country is also watered by the 
Neisse, an affluent of the Oder from the E. The mineral 
riches of the district are considerable, consisting of coal, 
iron, zinc, tin, argentiferous lead, &c. The climate is cold 
and moist, and the ground is covered with snow for a gi’eat 
part of the winter. A considerable part of the surface is 
occupied with forests ; and though the soil is not so fertile 
as that of Lower Silesia, some of the valleys are very pro- 
ductive ; but the quantity of corn grown is not sufficient for 
the consumption. Cattle and sheep are kept in large num- 
bers. Manufactures are not carried on to any great ex- 
tent, except those of hardware, steam-engines, leather, and 
woollen stuffs. Weaving is also carried on in the moun- 
tainous districts. Some trade is carried on in timber. Pop. 
1,014,383. 

Oppeln, a town of Prussia, capital of the above govern- 
ment, on the left bank of the Oder, 51 miles S.E. of Bres- 
lau. It is surrounded by walls, and entered by four gates. 
There are here several churches, a synagogue, schools, a 
town-hall, arsenal, hospitals, &c. Manufactures of linen, 
leather, earthenware, and other articles are extensively 
carried on ; and there is a considerable trade in timber, lead, 
zinc, wines, &c. Pop. 8439. 

OPPIAN, a Greek poet, was born at Corycus, or Ana- 
zarba, in Cilicia, towards the close of the reign of Marcus 
Aurelius, in the second century after Christ. His father, 
Agesilaus, was equally distinguished for rank and learning, 
and he caused young Oppian to be instructed in music, 
geometry, and the belles-lettres. Septimius Severus hav- 
ing seized upon the throne, arrived at Anazarba, and imme- 
diately the senate of the place threw themselves at the feet 
of the conqueror. Agesilaus stood aloof upon this occa- 
sion, being too much engrossed with his philosophical in- 
quiries, — a circumstance which so irritated Severus that he 
deprived the philosopher of all his property, and banished him 
to the island of Melita in the Adriatic. Thither Oppian fol- 
lowed his father, and it was in this compulsory retreat that he 
conceived and executed his two poems on Fishing ('AXtcv* 
Twca), and on Hunting (K-un^ycrt/ca), written in Greek hexa- 
meters. When they were finished he went to Rome, and pre- 
sented them to the son of Severus, Antoninus Caracalla, who 
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esteemed them so highly that he permitted the author to Oppian. 
demand of him whatever recompense he pleased. Oppian || 
asked only for the release of his father, with permission to Oppido. 
the latter to return to his own country. The emperor 
not only granted the favour, but added the gift of a piece 
of gold (about 15s. 6cl. of our money) for each of the 
verses which he had just heard recited. If, as Suidas 
affirms, these verses amounted to 20,000, never did poet 
receive so splendid a recompense. But Oppian did not 
long enjoy his good fortune. Scarcely had he returned to 
his own country, when he sunk into the grave, at the early 
age of thirty, having fallen a victim to the plague, which 
then desolated the city of Anazarba. His fellow- citizens 
erected to his memory a magnificent tomb, whereon was 
engraved an inscription in Greek verse, which still re- 
mains. This is all that we learn of Oppian from the ano- 
nymous Greek historian of his life, wliom all the succeed- 
ing biographers have faithfully copied. We must, how- 
ever, except Schneider, the learned editor of his works, 
who, being struck with the disparity of style and poetic 
embellishment which he remarked in the poems on the 
Chase and on Fishing^ conceived that two works which 
were so different in merit could not possibly have been the 
productions of the same author. Besides, the author of the 
Cynegetica states in two different passages that his native 
place was a city on the Orontes in Syria. The critic ac- 
cordingly supposed that there were two Oppians, the first of 
whom, a native of Cilicia and author of the Halieutica, 
preceded the second by several years. In the opinion of 
Schneider, it is to the latter that we are indebted for the 
Cynegetica^ in which the author has, according to him, at- 
tempted to reproduce, but with great inferiority of talent, 
the manner and some of the imagery of the first Oppian. 

Belin de Ballu, however, attempted to refute this hypo- 
thesis in the preface to his Greek edition of the Cynegetica^ 
published at Strasburg in 1786, where he proposes to get 
rid of the allusions to the birthplace of the author of Cyne- 
getica by a clumsy alteration of the text ! The unqualified 
praise generally accorded to Oppian by critics must have 
been bestowed in view of the Halieutica^ and not of the 
Cynegetica^ which is altogether an inferior production. 

J ohn Tzetzes calls the author a model of grace ; J. C. Sca- 
liger compares him to Virgil in harmony and elegance of 
style; Gaspar Barth, Conrad Gesner, and many others, 
never cite him except to couple his name wdth laudatory 
epithets. The two poems have generally been printed to- 
gether. The only separate edition of the Greek text of 
the Halieutica is iheeditio princeps^ Florence 1815. The 
first edition of both poems is that of Aldus, Venice, 1517, 
with the Latin translation of the Halieutica of Lorenzo 
Lippi, printed in 1478. The best edition is that of Schnei- 
der, containing the Greek text, accompanied with a Latin 
translation, and followed by the paraphrase in Greek prose 
which the sophist Eutecnius had made of the Ixeutica 
(another poem attributed to Oppian, but now lost), Stras- 
burg, 1776, and Leipsic, 1813. The last edition is that of 
Didot, Paris, 1846. Both poems were translated into Italian 
by Salvini, Florence, 1728. Prior to this there w'ere two 
French translations of the Cynegetica, one by Florent Chris- 
tien, Paris, 1575 ; and another by Fermat in 1690. The 
Halieutica was translated into English heroic verse by 
Jones and others, Oxford, 1722, 8vo> with a Life of the 
author prefixed. 

OPPIDO, a town of Naples, in the province of Calabria 
Ultra I., 4 miles E.S.E. of Palrai. It is the see of a bishop, 
and is supposed to occupy the site of the ancient Mamer- 
tium. It is chiefly remarkable, however, for the greac 
earthquake which took place here in 1783, during which 
several houses in the town, and an olive grove in the neigh- 
bourhood, were engulphed. Pop. 8000. 
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History. OPTICS, from the Greek word o7rro/^at, which signifies to 
see, is the name given to that branch of natural philosophy 
which treats of the nature and properties of light ; of the 
changes which it suffers either in its qualities or in its 
course when transmitted through bodies, when reflected 
from their surfaces, or when passing near them ; of the 
structure of the eye, and the laws of vision ; and of the con- 
struction of those instruments in which light is the chief agent. 


BISTORT. 

The early history of optics, like that of all the sciences 
cultivated in ancient times, is involved in much obscurity. 
After the art of glass-making was discovered, lenses and 
spheres of glass seem to have been used as burning-glasses. 
Ai'iato- In Aristophanes’s comedy of The Clouds a burning sphere 
is distinctly described. Pliny speaks of globes of glass 
" * which produced combustion when held to the sun. Lac- 

Lactan- ta-^tius informs us that a globe of glass full of water could, 

titis, A.D. when exposed to the sun, kindle a fire even in the coldest 
303. weather. And it appears that globes of glass were used by 
the Vestal Virgins to kindle the sacred fire, and by sur- 
geons to burn the flesh of sick persons that required to be 
cauterized. 

Pyiliago- Among the earliest speculators on vision were Pythagoras 
and Plato. The former held that bodies became visible by 
means of particles projected from their surfaces and enter- 
ing the eye, while the latter, in order to give the eye 
some share in the matter, supposed that something emitted 
from the eye met with something emitted from the object, 
and was again returned into the organ of vision. The fol- 
Plato. lowers of Plato, however, though they had deteriorated 
rather than improved the conclusion of Pythagoras, were 
acquainted with two important facts in the science. They 
taught that light moved in straight lines, and that when it 
was reflected regularly from the surfaces of polished bodies 
the angle of incidence was equal to the angle of reflection. 
Euclid, B.c. The earliest writer on optics was Euclid, the celebrated 
300. geometer, whose treatise on the subject is still extant.^ It 
consists of two books on optics and catoptrics, and proceeds 
on the Platonic theory, that the visual rays pass from the 
eye to the object, forming a cone whose apex is in the eye, 
and whose base is the object. He shows that the angles of 
incidence and reflection are equal, and that the incident and 
reflected rays lie in a plane at right angles to the reflecting 
surface ; and he discusses the apparent magnitude and form 
of objects, and the apparent place of the images formed by 
reflection from plane, convex, and concave mirrors. In the 
26th, 27th, and 28th theorems, he shows that the part of a 
sphere seen by both eyes, and having its diameter equal to, 
or greater or less than, the distance between the eyes, is 
equal to or greater or less than a hemisphere, and conse- 
quently that each eye sees dissimilar portions of the sphere, 
by the union of which it is seen when looked at with both 
eyes.^ The book on optics contains sixty- one, and that on 
catoptrics, thirty- one theorems. 

Aristotle, As a naturalist Aristotle made some valuable optical ob- 
B c. 410, servations. He described, with tolerable correctness, the 
phenomena of rainbows, halos, and parhelia. He considered 


the rainbow as produced by the reflection of the sun’s rays History, 
from the drops of rain which gave an imperfect image of the 
sun ; and he ascribes the light which appears in the sun’s 
absence to the reflective power of the atmosphere. 

The speculations of Seneca and Cleomedes derive any Seneca, 
interest they may possess from their absurdity. Seneca-^-®* 
noticed the magnifying power of a bottle of glass in enlarg- 
ing small letters, and he observed that an angular piece of 
glass produced all the colours of the rainbow. Cleomedes, Cleomedes, 
in his cyclical theory of motion, has given an elaborate ex- 
planation of the manner in which rays proceeding from the 
eye render the objects which they meet visible, but it is 
too stupid to demand the slightest attention. 

The science of optics may be justly considered as owing Ptolemy, 
its origin to the celebrated Claudius Ptolemy, the astrono- 
mer of Alexandria, who flourished at the end of the first 
century. His work entitled Ptolemcei Opticorum Sermones 
guinque ex Arahico^Latine versi, was known in the time of 
Roger Bacon to have treated on astronomical refractions, 
but it had escaped the notice of philosophers, and its valu- 
able contents were unknown until 1816, when Delambre 
published an analysis of it from the manuscript in the Royal 
Library at Paris. Montucla had, long before the discovery 
of the French manuscript, mentioned that a manuscript 
copy of Ptolemy’s Optics was in the catalogue of the Bod- 
leian Library in Oxford. This interesting manuscript, which 
Professor Rigaud was so kind as to examine at our request, 
belongs to the Savilian Library, and had been the property 
of Sir Henry Savile himself. As in the Parisian manu- 
script the first book is wanting, but it has no blank spaces 
like tiae Parisian one, and it is accompanied with a preface 
by the translator, containing an abstract of the work, and 
stating that the fifth book is imperfect. The translator 
mentions that the second book had been previously trans- 
lated from Arabic into Latin by Amiratus Eugenius, a Sici- 
lian, from the latest of two copies of which the new trans- 
lation was made. The following abstract of this interesting 
work is taken from Delambre’s Analysis, and from the trans- 
lator’s abstract as communicated to us by the late Professor 
Rigaud. 

The Optics of Ptolemy consists of five books. The 
first book is wanting, but from the recapitulation of it at the 
beginning of the second, it appears to have contained a dis- 
sertation on the relations between light and vision, founded 
on the idea that the visual rays issue from the eye. In the 
second book he shows that we see better with two eyes 
than with one, and that the object is not seen in the same 
place with one eye as with two. Vision, he says, is single, 

‘ if the two axes of the pyramids of the visual rays are directed 
in the same manner on the object, but becomes double 
if the axes are not directed in a similar manner, and if the 
distance is a little less than the distance between the eyes. 

He next proceeds to find, geometrically, the circumstances 
which produce single or double images. He ascribes 
imperfection of sight in old men to a want of the visual 
virtue, which, like the other faculties, decays with the ap- 
proach of age s and he states that those who have concave 
eyes see at a less distance than those who have not such 
eyes. Rapidity of motion, he asserts, confounds the colours 
on a wheel. If the colour is in the direction of a radius 


1 Euclidis OipUta et Catoptrica uunquam antehac Grsece edita. Eadem Latine reddita per Joannem Penani, Regium Mathematicum. 
His praeposita est ejusdem Joannis Penas de usu optices prefatio, ad illustrissimum principem Carolum Lotharingum Cardinalem, pp. 17, 18, 
Parisiis, 1557 ; or Opera, by D. Gregory, pp. 619, 620, Oxon. 1703. 

* Dr Smith is of opinion that this treatise was not written by Euclid the geometer ; an opinion which he rests on the number of blim* 
ders which the author has committed. (Smith’s Optics, voL u. Rem. p. 16, f 93.) 
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History, tne wheel will appear entirely of this colour, and if different 
colours are at different distances from the centre, these will 
appear on the wheel as so many concentric circles differently 
coloured. When, after looking long at a coloured object, 
we direct the eye to another, we attribute to it the colour 
of the first. 

“ In third book, which treats of reflection from plane 
and concave mirrors, he shows, that in a plane mirror the 
object is seen in the perpendicular drawn from the object 
to the plane of the mirror and continued behind it. He 
mentions that objects appear smaller towards the zenith 
and larger towards the horizon, because in the former case 
we see them in a position to which we are less accustomed. 

‘‘ In concave mirrors the objects appear concave, and in 
convex ones they appear convex, and the image is seen at 
the point of intersection of the reflected ray, and the line 
drawn from the object to the centre of the sphere. 

The fourth book treats of concave and compound mir- 
rors, and of the effects of two or more mirrors. In these 
mirrors an object may be reflected and rendered visible by 
all the parts of the mirror, or by three, or two, or even one 
point. The image may be either on the surface of the 
mirror, or before the surface, or behind the eye, or behind 
the mirror. When the image is behind the mirror, the 
distance of the object from the mirror is less than that of 
the image. When the image is between the eye and the 
mirror, the distance of the object from the eye will be some- 
times greater than the distance of the image from the mirror, 
and sometimes it will be equal to, it, and sometimes less. 
When the object is between the mirror and the eye, it will 
be seen in a part different from that where it really is ; and 
if we give it a motion in one direction, it will appear to move 
in the opposite direction. 

fifth book is the most curious and valuable of the 
whole work. Ptolemy begins by explaining the experi- 
rnent with the piece of money, which, when concealed be- 
hind the side of a vessel, becomes visible by filling, it with 
water. The refraction of the visual ray in penetrating the 
water makes us see the piece of money out of its place, and 
in the prolongation of the primitive direction of the ray 
emitted from the eye. In order to measure this refraction 
at different angles, Ptolemy employs a circle divided into 
360°, the inferior half of which is plunged in the water, so 
that the refracting surface covers one of the diameters of the 
circle. The centre of the circle is marked by a small 
coloured body, and a second similar body is fitted to one of 
the quadrants out of the water, and at a given distance from 
the vertical diameter j a third coloured body slides on the 
lower part, which is immersed in the water. This last 
body is then pushed with a rod till the eye placed on the 
body in the air sees all the three in a straight line. The 
two distances of the second and third body from the vertical 
diameter are thus measured on the graduated circle. 

“ In this manner Ptolemy obtained the results in the fol- 
lowing table, which contains the angles of refraction from 
air to water from 10° up to 80° of incidence : — 


Angles 

Angles 

Ratio of the sines 

of incidence. 

of refraction. 

of the angles of 

0® 

0° 

0' 

incidence and refraction. 

10 


0 


20 

15 

30 

1 

30 

.22 

30: 


40 


0 

. . .1 

60 

35 

0 

1 C\‘7Afi7.K 

60 

40 

30 

. . 1 n-VfiOQo 

70 

.......45 

Ql 

. 1 n-'r/ioiQ 

80 

.,.,...50 

0 



The mean of these ratios is 0*76736, differing little from 
the correct one, viz., 0*7486; and it is interesting to re- 


mark, that at an incidence of 40° and 50°, where the angle History, 
of refraction can be measured most accurately, the results 
of Ptolemy approach very near to the truth. 

“In order to measure the angles of refraction from air 
into glass, Ptolemy adopted the ingenious idea of procur- 
ing a semi-cylinder of pure glass, and adjusting the diameter 
of it so as to coincide with the horizontal diameter of the 
graduated circle already described. By performing the very 
same experiments which he made with water, he found that 
there was no refraction at a perpendicular incidence ; but 
that for every other position the angle in the air was always 
greater than the angle in the glass, and the refraction 
greater than in water. When the three bodies were placed 
in appearance in the same straight line they always re- 
mained there, whether the eye was placed above the glass 
or below it. The following are the refractions from air to 
glass which he obtained in this manner : — 


Angles 
of incidence. 

0° 

10 

20 

Angles 
of refraction. 

7 0 

13 30 

Ratio of the sines 
of the angles of 
incidence and refraction. 

0*68255 

30 


0-70041 

40 

25 0 

0*65748 

50 



CO 

34 30 


70 


0*66247 

80 




The mean of these ratios is 0*67386, whereas the true 
ratio is^O-64516 ; but at the angles of incidence of 40°, 50°, 
and 60°, the ratio is very near the true one. 

“ When the semi-cylinder of glass was placed on the sur- 
face of water, Ptolemy observed that the refractions from 
water into glass were less than any he had observed, be- 
cause the difference of density between water and glass 
was less than between water and air. The following were 
the results which he obtained : — 


Angles 
of incidence, 

0° 

10 

20 

30 

40 

Angles 
of refraction 

9 30 ... 

35 0 ... 

60 


60 

49 30 ,. 

70 

56 0 

80 

62 0 ... 


Ratio of tho sines 
of the angles of 
incidence and refraction. 


.0*95044: 
.0*92774 
.0 90778 
.0 89233 
.0*88192 
.0*87804 
.0*88422 
.0-89667 


The mean of these ratios is 0*90, the true ratio being 
0*8760, the index of refraction for water being 1*336, and 
that of glass 1*525 ; but at the angles of incidence of 50°, 
60°, and 70°, the ratio is very near the true one. 

“ Ptolemy now discusses the important subject of astrono- 
mical refractions, which he ascribes to the difference of den- 
sity between ether and air. If the visual ray, he remarks, 
is stopped by an impenetrable body, it could not show us 
a body which is hid behind the first ; and if the second be- 
comes visible, it can .only be on account of the flexion of 
the visual ray. This flexion takes place at its passage into 
a medium of different density ; and, the possibility of this 
flexion, he asserts, may be proved by the following pheno- 
mena. . By observations on the stars, it was found that the 
parallels drawn through the apparent place of those which 
rise or set, are nearer the north pole than the parallels 
which pass through their apparent place when they are in 
the meridian ; and the nearer the stars are to the horizon, 
the greater is the approach of their parallels to the pole. 
By observing a circumpolar star, Ptolemy found that it was 
nearer the pole in its lower passage across the meridian ; 
but when it was near the zenith, its parallel became greater 


^ This is 46® 30' i,n the Oxford jnaimscript. 

In the Oxford MS. this is 18° 30'., Professor Rigaud supposes the real number to have been 19° 30'. 
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History, in appearance, whereas in the first case it became smaller. 
Hence it follows that refraction raises the stars towards the 
zenith. In order to explain the manner in which refrac- 
tions operate, Ptolemy makes use of the same figure upon 
which Cassini has since founded his theory. He employs 
almost the same reasoning in order to determine the quan- 
tity of the refraction. He remarks, that the more a star 
is elevated, the less will be the difference between its true 
and its apparent place, and that this difference will be no- 
thing in the zenith, because a perpendicular ray experiences 
no flexion. He demonstrates by a figure, &at in every 
case the refraction carries the star towards the zenith ; and 
he states that the height of the atmosphere is unknown, 
but that it must begin below the sphere of the moon. From 
this general account of the fifth book of the Optics of 
Ptolemy, it will be seen that he gives a theory of astrono- 
mical refractions much more complete than that of any 
astronomer before the time of Cassini.” 

G-alen, A.n. Claudius Galen, the celebrated Greek physician, who 

130-218, wrote on so many other subjects than medicine, directed 
his special attention to the phenomena of vision. In the 
twelfth chapter of the tenth book of his work On the use of 
the different Parts of the Human Body, he has minutely de- 
scribed the phenomena which are seen when we look at solid 
bodies with both eyes, and witli the right and left in succes- 
sion. He shows by diagrams that we see dissimilar pictures 
of the body in each of these three modes of viewing it. 
“ Standing near a column,” he says, and shutting each eye 
in succession ; when tlie right eye is shut, some of tliose parts 
of the column which were previously seen by the right eye 
on the right side of the column, will not now be seen by 
the left eye ; and when the left eye is shut, some of those 
parts which were formerly seen with the Ift eye on the 
left side of the column, will not now be seen by the right 
eye. But when we, at the same time, open both eyes, both 
those parts will be seen, for a greater part is concealed when 
we look with either of the two eyes than when we look wiUi 
both at the same time.”^ In this fundamental kw of bino- 
cular vision so distinctly stated, we have the grand prin- 
ciple of the stereoscope, namely, that the picture of the 
solid column which we see with both eyes is composed of two 
dissimilar pictures^ as seen by each eye separately 

During nearly a thousand years which elapsed after the 
death of Galen, no progress was made in optics. Banished 
from Europe along with the other sciences, it found shelter 
in Arabia, where it was destined to receive very important 
accessions. 

Alhazen, Alhazen, who flourished about the end of the eleventh 

A.D. 1100. century, was the individual who gave this fresh impulse to 
optical science.^ He establishes the opinion of Pathagoras, 
that vision is performed by rays which proceed from the 
object to the eye ; and he states that vision is not completed 
till the ideas of external objects are conveyed by the optic 
nerves to the brain ; and after a description of the eye and 
its parts, he assigns to each of them the function which it 
performs in vision. He maintains that we see objects singly 
with two eyes, because we must perceive only one image 
when it is formed on corresponding parts of the retina. The 
instrument employed by Alhazen for measuring the angle 
of refraction, is more complex than that used by Ptolemy, 
and his knowledge of the refraction of the atmosphere and 
of fluids, is obviously inferior to that of the Alexandrian 
philosopher. Alhazen ascribes to refraction the twinkling 
of the stars, and the contraction of the diameters and dis- 
tances of the heavenly bodies ; and it follows, from his me- 
thod of reasoning, that refraction elevated the stars towards 


the pole and not towards the zenith, as had been sagaciously History, 
ascertained by Ptolemy. Alhazen has described seven spe- 
cies of mirrors, and he was the first person who determined 
the focus of rays after reflection, when the place of the ob- 
ject is known. He has treated largely of optical illusions, 
whether produced in direct or in refracted and reflected 
vision ; and he ascribes the size of the horizontal moon to 
the apparent form of the concavity of the sky, which is 
imagined to be more remote in the horizon than any wdiere 
else. Alhazen likewise observed that objects were magni- 
fied when held close to the plane' side of the larger seg- 
ments of a glass sphere ; and he has given rules, which are 
far from being correct, for determining the apparent size of 
objects when seen through such spheres. 

The next cultivator of optics was Vitello, whose work Vitello, 
was first published at Nuremberg in 1535.^ He made a ^•i>- 1^70. 
series of experiments on the angles of refraction of w^ater 
and glass, which apparently exceeded those of Ptolemy in 
correctness, the mean ratio of the sines being rearer the 
truth, and the ratio for each angle of incidence coinciding 
more accurately with the mean ratio. The jfollowing are 
the results he obtained with water : — 


Angles 
of incidence. 

0® 

10 

20 

30 

Angles 
of retraction. 

0® 0' 

15 30... 

22 30 

Batia 

Of the sines. 
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40 

29 

0 


60 

35 

0 


60 

40 

50 

0-^4992 

70 


30 
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80 


6 



The mean of these ratios is 0*76414, whereas that ob- 
tained by Ptolemy was 0'76736, and the true ratio (the in- 
dex of refraction being P3358), 0*7486. The results for 
30® and 60° are exactly the same 'as Ptolemy^s. 

The following were the measures obtained by Vitello for 
glass : — 


Angles 
of incidence. 
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10 

20 

Angles 
of refraction.. 
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60 
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70 
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0-66247 
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42 

0 



The mean of these ratios is 0*66976, whereas that ob- 
tained by Ptolemy is 0*68736, and the true ratio 0*64516. 

In comparing this last table with the similar one given by 
Ptolemy, we cannot fail to be struck with their entire simi- 
larity, with the single exception of the angle of refraction 
at 30° of incidence, which Vitello makes 19° SOVand Pto- 
lemy, in the Paris copy, 20° 30'. Now, in the Oxford ma- 
nuscript the numbers are 18° 30' ; and Professor Rigaud 
conjectures that the real number has been 19° 30', the same 
as Vitello’s. Hence we cannot on any just grounds regard 
the measures of refraction given by the Polish philosopher 
as anything else than those of Ptolemy, from whom he must 
have borrowed them. 

By comparing the two tables for water, we are inclined 
to make the same unfavourable supposition. The refrac- 
tion for 20°, 30°, and 50° of incidence are exactly the same 
in both ; and Vitello’s measure for 70°, viz. 45° 30', is the 
same as Ptolemy’s in the Oxford manuscript. But this 


3- Z)e usu Fartium Corporis JBumani, edit. XiUgd. 1550, p. 593. 

2 Montucla has very incorrectly charged Alhazen with borrowing the greater part of his optics from Ptolemy. Delambre has refuted 
this opinion, and rendered it probable that the Arabian philosopher never saw the work of Ptolemy. What assistance he obtained from 
his predecessors who flourished after Ptolemy cannot now be ascertained. See Connaissance des Ferns for 1816, 

® This work has been very erroneously regarded as littje more than a translation of Alhazen’s treatise. 



524 


OPTICS. 


History, opinion is converted into certainty when we examine 
Vitello’s table of the refractions from water into glass, in 
which all the measures are identically the same with those 
of Ptolemy. 

In the course of his experiments, Vitello was led to ob- 
serve that whenever light was reflected or refracted by 
transparent bodies, a certain portion of it was lost, but he 
does not estimate the quantity, contenting himself with the 
observation that bodies always appear less luminous when 
seen by redacted and reflected light. In treating of the 
cause of the rainbow, he shows that refraction is as neces- 
sary to its production as reflection, but he of course does 
not ascribe the colours to refraction, regarding it merely as 
a means of giving strength or condensation to the solar rays. 
He imitated the colours of the rainbow (which, like Seneca, 
he considers as having their origin in a mixture of the sun’s 
rays with the blackness of the cloud) by placing a white 
piece of paper beneath a circular vessel of glass containing 
water; but he says that they are not the same colours with 
those of the rainbow, because they are not in the same 
number, and do not reach the eye after reflection. He 
shows that in those countries where the meridian altitude 
of the sun exceeds the semi-diameter of the rainbow, a 
rainbow cannot be seen at noon. His observations on the 
foci of glass spheres, on the twinkling of the stars, and on 
other optical phenomena, are of no value. 

Passing over Archbishop Peckham’s treatise on optics, en- 
titled Perspectiva Communis^ as containing nothing either 
new or important, we come to consider the claims of Roger 
Roger Ba- Bacon to the invention of the microscope and the telescope, 
con, born his Opus Majus^ which embraces his Perspectiva and 
1214 . Specula Mathematical he has given an account of his spe- 
culations and inventions in optics. Dr Plott, Dr Friend, 
Dr Henry, Wood, Muschenbroek, Jebb, and William and 
Samuel Molyneux have agreed in regarding Bacon as the 
inventor of the telescope; while Dr Smith of Cambridge is 
of opinion that he wrote only hypothetically^ and had never 
made any experiments with real lenses. As this is not the 
place to discuss this subject in a critical manner,^ we shall 
content ourselves with giving a single extract respecting the 
telescope and microscope. 

Greater things than these may be performed by refracted 
vision. For it is easy to understand by the causes above 
mentioned, that the greatest things may appear exceeding 
small, and on the contrary ; also that the most remote ob- 
jects may appear just at hand, and on the contrary. For we 
can give such figures to transparent bodies, and dispose 
them in such order with respect to the eye and the objects, 
that the rays shall be refracted and bent towards any place 
we please ; so that we shall see the object near at hand, or 
at a distance, under any angle we please. And dius from 
an incredible distance we may read the smallest letters, and 
may number the smallest particles of dust and sand, by rea- 
son of the greatness of the angle under which we may see 
them ; and on the contrary, we may not be able to see the 
greatest bodies just by us, by reason of the smallness of the 
angles under which they may appear ; for distance does not 
affect this kind of vision, excepting by accident, but the 
quantity of the angle. And thus a boy may appear to be a 
giant, and a man as big as a mountain, forasmuch as we may 
see the man under as great an angle as the mountain, and 
as near as we please ; and thus a small army may appear a 
very great one, and, though very far off, yet very near us, 
and on the contrary. Thus also the sun, moon, and stars 
may be made to descend hither in appearance, and to ap- 
pear over the heads of our enemies; and many things of the 
^ would astonish unskilful persons.” 

Whether these remarks were the result of speculation or 


of actual experiment, it is not easy to determine ; but in History, 
opposition to the opinion of Dr Smith, we may adduce a 
passage from Recorde’s Pathway to Knowledge^ printed in 
1551, in which he distinctly speaks of a “ glasse” used by 
Friar Bacon. Great talke there is of a glasse he made at 
Oxford, in which men might see things that weare don, and 
that was iudged to be don by power of euill spirites. But 
I know the reason to be good and natural, and to be arright 
by geometry (with perspective as a part of it), and to 
stand as well with reason as to see your face in a common 
glass.” 

On the authority of various passages in the writings of Invention 
Friar Bacon, M. Molyneux is of opinion that he was ac- of specta- 
quainted with the use of spectacles ; and when Bacon says riws. 
that “ this instrument (a plano-convex glass, or large seg- 
ment of a sphere) is useful to old men, and to those that 
have weak eyes ; for they may see the smallest letters suffi- 
ciently magnified,” — we are at least entitled to conclude that 
the particular way of assisting decayed sight which lie de- 
scribes was known to him, though he may not have used 
his segment of a glass sphere in looking at objects separated 
by an interval from its plane side. But whether spectacles 
were in use or not in Bacon’s time, it is quite certain tliat 
they were known and used about the time of his death, 
which happened in 1292. Alexander de Spina, a native of 
Pisa, who died in that city in 1313, having seen a pair of 
spectacles made by some other person, who was unwilling 
to communicate the secret of their construction, got a pair 
made for himself, and found them so useful, that he cheer- 
fully made the invention public. M. Spoon, ^ to whom we 
are indebted for this fact, fixes the date of the invention be- 
tween 1280 and 1311. Signior Redi, from whom Spoon 
quotes the preceding fact, states that he possesses a manu- 
script written in 1299, Di Governo della Familia de Scan- 
dro di Pissozzo, in which the author says, “ I find myself 
so pressed by age, that I can neither read nor write without 
those glasses they call spectacles, lately invented, to the 
great advantage of poor old men, when their sight grow's 
weak.” It is stated also in the Italian Dictionary JDella 
Crusca^ under the head of Occhiale or Spectacles, that friar 
Jordan de Rivalto, who died at Pisa in 1311, tells his audi- 
ence, in one of his sermons, which were published in 1305, 

‘‘ that it is not twenty years since the art of making spec- 
tacles was found out, and is indeed one of the best and most 
necessary inventions in the world.” Bernard Gordon, too, 
a celebrated physician of Montpellier, in his Lilium Medi- 
cince, published about 1305, recommends an eye-salve as 
capable of making the patient read the smallest letters 
without spectacles ; and Muschenbroek informs us that it 
is inscribed on the tomb of Salvinus Armatus, a Florentine 
nobleman, who died in 1317} that he was the inventor of 
spectacles. 

Before we quit the period of Friar Bacon, we must notice Leonard 
a claim to the invention of the telescope which has been Bigges, 
made in favour of liConard Digges, an Englishman, because 
this claim, whatever be its amount, supports undeniably the 
prior claim of Bacon. The claim of Digges is founded on 
passages in his Pantometria and Stratiotikos, The first of 
these works appeared at London in 1571, and a second edi- 
tion of it, edited by his son Thomas Digges, Esq., w^as pub- 
lished in 1591. The Stratiotikos w^as published in 1579 
and also in 1590. In the preface to the second edition of 
the Pantometria, Thomas Digges remarks : — “ My father, 
by his continuell painfull practices, assisted by demonstra- 
tions mathematical, was able, and sundrie times hath, by 
proportionall glasses, duely situate in conuenient angles, not • 
onely discouered things farre off, read letters, numbred 
peeces of money, with the verye coyne and superscription 


a r^er our readers to a series of able anonymous letters upon this subject, published in the Fhil Mag, vols. xviii. xix. 

» iCeeWes dissert, xvi. i ^ y 
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History, thereof, cast by some of his freends of purpose upon downes 
in the open fields, but also seuen miles off declared what 
hath beene doone in priuate places.” 

In the twenty-first chapter of the first book, Leonard 
Digges himself says, — “ But marvellous are the conclusions 
that may be performed by glasses (mirrors) concave and 
convex, of circular and parabolic forms, using for multipli- 
cations of beams, sometimes the aid of glasses transposed, 
which, by practice, should unite or dissipate the images or 
figures presented by the reflection of others. By these 
kind of glasses, or rather frames of them placed in due 
angles, yee may not only set out the proportion of an whole 
region, yea, represent before your eye the lively image of 
every house, village, &c., and that in as little or great space 
or plan as ye will presente ; but also augment or dilate any 
parcel I thereof, so that, whereas, at the first appearance a 
whole toun shall present itself so small and compact together 
that ye shall not discover any difference of streets, yee may, 
by application of glasses in due proportion, cause any pecu- 
liar house or room thereof dilate and show itself in as ample 
form as the whole touns at first appeared, so that yee shall 
discern any trifle, or read any letter lying there open, espe- 
cially if the sun beams may come into it, as plainly as if you 
were corporeally pressent, although it be distant from yon 
as far as eye can discrie. But of these conclusions I mind 
not here more to introduce, having at large, in a volume by 
itself, opened the miraculous effects of perspective glasses ” 

Now it is a curious fact that Thomas Digges expressly 
says that his father’s knowledge of optics ‘‘ partly grew 
by the aid he had by one old written book of Bakon’s Ex- 
periments, that by strange aduenture, or rather destinie, 
came to his hands.” 

In support of the opinion that the telescope was known 
in England more than forty years before 1609 or 1610, 
when it was supposed to have been invented in Holland, we 
may quote a passage or two from the celebrated John Dee’s 
mathematical preface to Euclid, written at Matloke on the 
9th of February 1570, the year in which it was published. 
Dee speaks of having seen once or twice, in company with 
Orontius at St Denis in 1551, ‘^the lively image of an- 
other man in the air aloft, walking to and fro or standing 
still.” But the most remarkable passage is that in which he 
speaks of the means of ascertaining the numbers of an 
enemy’s army : “ The herald, pursuivant, sergiant royall, 
captain, or whosoever is careful to come near the truth 
herein ; besides the judgment of his expert eye, his skill of 
ordering tacticaly, the help of his geometrical instrument ; 
ring or staffe astronomical, coramodiously framed for car- 
riage and use. He may wonderfully help himself hy per- 
spective glasses, in which I trust our posterity will prove 
more skilful and expert, and to greater purposes than in 
these days can be credited to be possible.” 

When polite learning began to revive in Europe, some of 
the more abstract sciences began to bS cultivated with suc- 
Mauroly- cess. Maurolycus, a teacher of mathematics at Messina, 
cus, A.D. was particularly distinguished by his optical researches, of 
1525. which he published an account in his Theoremata de Lu- 
mine et Umbra and his Diaphanorum Partes, seu lihri ires. 
In the first of these works, which was completed in 1525, 
but not published till 1575, Maurolycus treats of the mea- 
sure of light, or the illumination of bodies, and he particu- 
larly explained the curious phenomenon observed since the 
time of Aristotle, that when the sun shone through an 
aperture of any form, the figure of the aperture always ap- 
peared round ; except when the sun was eclipsed, when it 
had the appearance of a crescent. He shows that each 
point of the aperture is the apex of two opposite cones of 
rays, one of which has the sun for its base, while the other, 


when cut by a plane at right angles to its axis, will produce History, 
a luminous circle, whose diameter will be proportional to 
the distance of the plane from the aperture. “ Consequently 
if these images be taken at a considerable distance from the 
aperture, and therefore be pretty large when the aperture 
itself is small ; since the whole image consists of a number 
of images, all of which are circular, tlie image of the sun 
formed by the aperture, of whatever form it be, must be 
circular also ; and it will approach the nearer to a perfect 
circle the smaller is the aperture and the more distant the 
image.” In studying the phenomena of vision Mauroly- 
cus was very successful. He shows that the crystalline 
humour is a lens which collects the rays which enter the 
eye and converges them to foci on the retina; but he does 
not seem to have found that these foci depict an exact 
image or picture of the object upon the retina. Limited, 
however, as this discovery was, it enabled him to ascertain 
the cause of long and short-sightedness, the pencils in the 
former case coming to a focus before they entered the re- 
tina, and in the latter at points beyond the retina. Hence, 
as in both these cases vision is indistinct, either from a 
too early or a too late convergence of the rays, he concluded 
that concave glasses of suitable focus would relieve the 
short-sighted person, and convex glasses the long-sighted 
person. 

The subject of the rainbow also occupied Maurolycus’ 
attention. He found the diameter of the outer bow 42°, 
and that of the inner from 53° to 56°; but according to the 
theory which he adopted, namely that part of the sun’s rays 
were reflected from the exterior of the drop, while the rest 
entered the drop and circulated within it by reflection 
along the sides of an octagon, the diameters of the bow 
should have been 45° and 56°. Maurolycus supposed the 
colours of the rainbow to be/owr, namely, orange {crocus), 
green, blue, and purple. Taking his crocus to be red, his 
enumeration in leaving out the yellow, as Dr Wollaston did 
more recently, show much accuracy of observation.^ Mau- 
rolycus attempted to discover the law of refraction, but 
without success. He supposed that the angle of refraction 
was always five-eighths of the angle of incidence, which is 
a tolerably correct estimate in the case of glass, but quite 
erroneous for bodies of low and high refractive' powers. 

Maurolycus may be considered as the first discoverer of 
the aberration of figure, in so far as he observed that the rays 
which were incident at a distance from the axis of a trans- 
parent sphere, had their focus nearer tlie sphere than those 
which were incident nearer the axis. This happy observa- 
tion was the result of his having noticed the caustic curves 
formed by such spheres, which he justly described as arising 
from the continued intersections of the refracted rays. 

While the Sicilian philosopher w^as making new and im- Baptlsta 
portant discoveries, a celebrated Neapolitan, Joannes Bap- Portji, bom 
tista Porta, was endeavouring to promote the interests of 1547, died 
science, as an ardent collector of its stores, as well as an 
original inquirer into its mysteries. He established an 
Academy of Sciences, which held its sittings in his own 
house, and which numbered among its members all the 
virtuosi in Naples. Each member was bound to contribute 
to the common stock something not commonly known, and 
in this way he obtained the materials for his Magia Natu- 
ralis, which appeared in the year 1560,^ when he was only 
about fifteen years of age. This work was speedily trans- 
lated into French, Hebrew, Spanish, and Arabic, and went 
through numerous editions in different parts of Europe. 

The Papal court viewed with jealousy the proceedings of 
a society which devoted so much energy to the spread of 
knowledge, and, though Baptista Porta was a Roman Ca- 
tholic, the meetings of the academy were prohibited. Al- 


^ The yellow which is in the sun’s direct rays is observed when the sun’s rays are reflected from the sky or from clouds. 
* A second and greatly enlarged edition was published about thirty years afterwards. 
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History, thougb Baptista Porta was well acquainted with the writ- 
ings of his predecessors, yet the principal invention recorded 
in his Natural Magic is that of the camera obscura, which 
he seems to have brought to great perfection. He remarksj 
in the I7th chapter of this work, that if a small aperture is 
made in the shutter of a dark room, distinct images of all 
external objects will be depicted on the opposite wall in 
their true colours ; and he further adds, that if a convex 
lens be fixed in the opening, so that the images are received 
on a suiface at the distance of its focal length, the pictures 
will be rendered so much more distinct, that the features of 
a person standing on the outside of the window may be 
readily recognised in his inverted image, Baptista Porta 
applied his instrument to the representation of eclipses of 
the sun, and of hunting scenes, battles, and other events 
produced by moveable pictures and drawings. In this way 
he magnified small objects and drawings, and produced tlie 
effects of the magic lantern by the light of the sun in place 
of that of a lamp. He considered the eye as a camera 
obscura, the pupil as the hole in the window contracting 
and dilating with different lights, and the crystalline lens as 
the principal organ of vision, though he seems to have 
regarded it not as his convex lens, but as the tablet on 
which the images of external objects were formed, the 
cornea being, no doubt, in his estimation, the part of the 
eye which formed the picture. Baptista Porta was doubt- 
less acquainted with what may be called the simplest form 
of the refracting telescope, namely, that in which a convex 
lens is the object-glass, and the eye placed six inches be- 
hind its focus, the eye-glass. He found that when his eye 
was thus placed behind a convex lens, he could read a 
letter which he could not read with his naked eye. 

In another place Porta, after mentioning the effects pro- 
duced by a concave and a convex lens separately, remarks, 
“ that if you knew how to combine one of each sort rightly, 
you would see both and near objects larger and more 
clearly.” If Porta,” says Mr Drinkwater Bethune, in his 
admirable life of Galileo, “had stopped here, he might 
more securely have enjoyed the reputation of the invention, 
but he then professes to describe the construction of his 
instrument, which has no relation whatever to his previous 
remarks.” “ I shall now endeavour to show in what man- 
ner we may contrive to recognise our friends at the dis- 
tance of several miles, and how those of weak sight may 
read the most minute letters from a distance. It is an in- 
vention of great utility, and grounded on optical principles, 
nor is it at all difficult of execution ; but it must be so 
divulged as not to be understood by the vulgar, and yet be 
clear to the sharp-sighted.” The description seems far 
enough removed from the apprehended danger of being too 
clear ; and indeed every writer who has hitherto quoted it, 
has merely given the passage in its original Latin, appa- 
rently despairing of an intelligible translation.^ 

At a more advanced age, Baptista Porta composed an- 
other work, entitled De Refractione Optices parte^ lihri 
novenii and in which he treats of binocular vision. He 
repeats the propositions of Euclid on the dissimilar pictures 
of a sphere as seen with each eye and with both ; he quotes 
from Galen the passage to which we have already referred, 
on the dissimilarity of the three pictures seen by each eye 
and by both. But having adopted the absurd opinion that 
we can see only with one eye at a time, he denies the accu- 
racy of Euclid’s theorem ; and while he admits that the 
observations of Galen are correct, he endeavours to explain 
them on other principles. In illustrating Galen’s views on 
the dissimilarity of the three pictures above referred to, he 
gives, a diagrarajS in which we recognise not only the prin- 


ciple but the construction of the stereoscope. It contains History, 
a view, represented by a circle, of the picture of a solid as 
seen by the right eye, of the picture of the same solid as 
seen by the left, and of the combination of these two pic- 
tures as seen by both eyes between the two first pictures. 

These results, as exhibited in three circles, are then ex- 
plained by copying the passage from Galen, in which he 
requests the observer to repeat the experiments, so as to 
see the three dissimilar pictures when he is looking at a 
solid column.® 

A theory of the rainbow was about this time proposed Fleschier, 
by J. Fleschier of Breslau, in his treatise entitled De Iri- 1571. 
dibits doctrina Aristotelis et Vitellionis^ which was pub- 
lished in 1571. He supposes the rays to suffer two refrac- 
tions, — one on entering, and the other on emerging from the 
drop; but after one ray bad thus been separated into a 
coloured beam by these refractions, he supposed that this 
beam was reflected to the eye from another drop. 

These views, imperfect as they are, paved the way for He Domi- 
the true theory of the rainbow. Antonio de Dominis, arch- 
bishop of Spalatro, first broached this theory in his treatise 
De Radiis Visus et Lucis^ which was published in 1611, 

He justly asserts that two refractions in a drop of water, and 
one intermediate reflection, were sufficient to bring back to 
the eye of the spectator the rays of light by which the bow 
was formed. An experiment with a globe of glass inclos- 
ing water, either suggested to him or confirmed this opinion. 

In following out this experiment, however, our author com- 
mitted several mistakes. He explained the exterior bow 
by the same number of refractions and one reflection, but 
he supposed that the rays which formed it were returned 
to the eye by a part of the drop lower than that which 
transmitted the red of the interior bow. In addition to this 
mistake, he supposed that the rays which went to form one 
of the bows came from the upper part, and those which 
went to form the other bow from the under part of the 
sun’s disc. Notwithstanding these mistakes, De Dominis 
is entitled to be regarded as the true discoverer of the 
cause of the primary rainbow. 

The treatise containing these discoveries was not pub- 
lished till after the use of the telescope by Galileo ; but 
Bartolo, who published it, informs us in the preface, to use 
the words of the author of the Life of Galileo^ “ that the 
manuscript was communicated to him from a collection of 
papers written twenty years before, on his inquiring the 
archbishop’s opinions with respect to the newly discovered 
instrument, and that he got leave to publish it, ‘ with the 
addition of one or two chapters.’ The treatise contains a 
complete description of a telescope, which, however, is 
proposed merely to be an improvement on spectacles ; and 
if the author’s intention had been to interpolate an after- 
written account, in order to secure to himself the unde- 
served honour of the invention, it seems improbable that 
he would have suffered an acknowledgment of additions, 
previous to publication, to be inserted in the preface. Be- 
sides, the whole tone of the work is that of a candid and 
truth-seeking philosopher, very far indeed removed from 
being, as Montucla calls him, conspicuous for ignorance 
even among -the ignorant men of his age. He gives a 
drawing of a convex and concave lens, and traces the pas- 
sage of the rays through them ; to which he subjoins, that 
he has not satisfied himself with any determination of the 
precise distance to which the glasses should be separated 
according to their convexity and concavity, but recommends 
the proper distance to be found by actual experiment, and 
tells us that the effect of the instrument will be to prevent 
the confusion arising from the interference of the direct 


2 of Galileo,” lAht. Useful Knowh^ p. 21, for a translation of the passage, wliich we have not thought worthy of insertion. 

This oiagrani'is given, in Sir David Brewster^s Treatise on- the St^egseope, p. 8. 

® De Mefractione, &c., lih. v., p, 132 ; lih. .vi., pp. lt3-5, Neap. 1693. 
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History, and refracted rays, and to magnify the object by increasing 
the visible angle under which it is viewed ” ^ 

From the great liberality of his sentiments, and his conr 
version to the Protestant faith, this eminent ecclesiastic 
was obliged to leave Italy, and to take refuge in London, 
in 1616, where he lived some years. Having been induced 
to return to Italy, his imprudence exposed him to new per- 
secutions; and having been imprisoned by Urban VIIL, he 
died of poison in the prison of the Inquisition. Sentence 
was passed upon him after his death, and his bod}^, with all 
his books and papers, was publicly burnt in the Campo de 
Fero in the year 1624. 

Invention We now approach the time when the telescope was un- 
of the tele- questionably invented. We have no doubt that this in- 
scope, valuable instrument was invented by Roger Bacon or Bap- 
tista Porta, in the form of an experiment, though it perhaps 
had'not in their hands assumed the maturity of an instru- 
ment made for sale, and applied to useful purposes both 
terrestrial and celestial. If a telescope is an instrument by 
means of which things at a distance can be seen better 
than by the naked eye, then Baptista Porta’s convex lens, 
with his eye looking at the image which it formed, and 
reading a letter too remote to be otherwise legible, was a 
real telescope ; but if we give the name to a tube having a 
convex lens at one end, and a convex or a concave lens at 
the other, placed at the distance of the sum or the differ- 
ence of their focal lengths, then we have no distinct evidence 
that such an instrument was used before the beginning of 
the seventeenth century. 

Metius. In his Treatise 07i Dioptrics^ Descartes has ascribed the 
invention of the telescope to James Metius, a citizen of 
Alkmaer, in Holland; but Huygens, in mentioning this 
claim/ says, that, to his certain knowledge^ telescopes 
were made before this at Middleburg, in Zealand, about 
the year 1609, either by John Lippersheim, whom Sirturus 
mentions, or by Zach arias (Jansen), whom Borellus makes 
the first inventor of them in his book de Yero Telescopii 
inventore. The telescope which they made did not exceed 
a foot and a half long. But much earlier than both, Joannes 
Baptista Porta, a Neapolitan, had delivered the rudiments 
of this art in his book on Dioptrics and Natural Magic^ pub- 
lished fifteen years before telescopes appeared in our Bel- 
gium. In these books he speaks of his specilla as showing 
things placed at a distance as if they were nigh, and also 
of the construction of concave and convex lenses. But 
that he made no great progress in this art is hence evident, 
that in all that time it did not become famous ; and that he 
did not discover any of those things in the heavens that 
were observed afterwards.” 

In this passage Huygens leaves the claims of his two 
Dutch friends on the same level; but though Borellus 
adopts the conclusion that Jansen was the inventor, yet it 
has been ingeniously suggested that Jansen’s claim as the 
inventor of the microscope has been mixed up with 'the 
invention of the telescope, on the evidence adduced by 
Borellus. On this hypothesis Lippersheim is supposed to 
have invented the telescope by accident in 1609, and that 
Jansen, possessing an instrument so like it, had been able, 
after hearing of Lippersheim’s contrivance, to make a simi- 
lar instrument, without having seen the telescope of his 
rival.® 

Lipper- Much light has been thrown on the early history of 
sheim, the telescope by Professor Moll, who has discussed the 
claims of the various competitors with much sagacity and 
fairness. It appears, from the official acts and journals of 
the States- General of Holland, still existing among the 
archives at the Hague, that on the 2d of October 1608 
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that body took into consideration a petition from Hans History; 
(John) Lippershey, a native of Wesell, and spectacle-maker 
at Middleburg, praying that an instrument which he had 
invented for seeing at a distance might be rewarded, either 
by granting an exclusive privilege of making it for thirty 
years, or an annual pension to enable him to make tliese 
instruments for Holland alone. It was resolved that a 
committee should communicate with the petitioner, and 
inquire if he could not so improve the instrument as to 
enable one to look through it with both eyes. Lippershey 
offered to make three telescopes of rock crystal for one 
thousand florins each (about L.83 each), but the commit- 
tee was instructed to get him to moderate his charge, and 
promise never to transmit his invention to anybody. On 
the 6th of October a bargain was made that Lippershey 
should construct one instrument of rock crystal tor the 
state, at the price of 900 florins (L.75), 300 florins to be 
paid down, and 600 when the telescope was completed and 
approved of. On the 16th December the committee report, 

“that they examined the instrument invented by Lippershey 
to see at a distance with itoo eyes^ and that they approved 
of it.” But, in reference to the exclusive privilege, they 
“resolved that, whereas it appears that many other persons 
have a knowledge of this new invention to see at a distance, 
it is expedient to refuse the prayer of the petitioner for an 
exclusive privilege, but that he will be commanded to make, 
within a certain time, two other instruments of his inven- 
tion for seeing with two eyes, at the same price.” These 
two new instruments were delivered before the 13th Feb- 
ruary 1609. 

While these transactions were going on, Jacob Adri- 
aansz, sometimes called Metius of Alkmaer, petitioned the 
States- General on the 17th of October 1608, for an exclu- 
sive privilege for a similar instrument. He was the third 
son of Adriaan Antlionisz, or Metius, who discovered the 
approximate ratio of the diameter of a circle to its circum- 
ference. His’ petition still exists among the manuscripts 
of Huygens, in the library at Leyden. He alleges that he 
began his researches as far back as 1606 ; that the inven- 
tion was accidental, and when he was making other experi- 
ments 5 and that in 1608 when he sent in his petition, his 
instrument was made of bad materials. He at the same 
time readily admits that a spectacle-maker of Middleburg 
had offered before him a similar instrument to the states, 
which had been tried by Prince Maurice, and other 
persons. 

With regard to the claims of Zacharias Jansen, or rather Jansen. 
Tansz or Zansz, they cannot be supported by any evidence ; 
and there is reason to believe, as we shall afterwards see, 
that his invention of the microscope was mistaken for the 
invention of the telescope.^ The following is Professor 
Moll’s summary of the facts which he has established by 
authentic documents : — 

“That on the 21st of October 1608, John or Hans 
Lippershey, a native of Wezel, a spectacle-maker of Middle- 
burg, in Zeeland, was actually in possession of the invention 
of telescopes. 

“That, on the I7th of October of the same year 1608, 

Jacob Adriaansz, sometimes called Metius of Alkmaer in 
Holland, also was in possession of the art of making tele- 
scopes, and that he actually made ftiose instruments ; but 
that either from disgust or some other reason, he afterwards 
concealed his invention, and thus actually gave up every 
claim attached to the honour of it. 

“ That there is little reason' to believe That either Hans 
or his son Zacharias Zansz were also inventors of the 
telescope ; but there is every probability that this Hans, 


^ “ Life of Galileo,” Libr. Xlseful Knowledge, p. 22. ® Dioptrics, p. 163-4. ® “Life of Galileo,” Lihr. Useful Knowledge, p. 24. 

* Professor MolPs interesting researches on the history of the telescope will he found in the Journal of the Boyal Institution, Lend. 
1831, Yol. L, pp. 31&, 483. 
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Galileo’s 

construe- 


History, or John, or his son Zaclmrias Zansz, invented a compound 

microscope about 1590. . 

“ That this Lippershey used rock or mountain crystal m 
the construction of telescopes^ and that he is the inventor 
of the binoculns”^ , 

Galileo’s When Galileo was at Venice early in 1609, he heard 
construe^ rumours that an instrument which represented distant ob- 
tion of the jgets as if they were near, had been invented by a Dutch 
telescope, gpectacle-maker. This rumour was confirmed by a letter 
A.n. 1609. received from James Badorere at Paris, and 

Galileo, who asserts that he had never seen one of the 
instruments, set himself to discover the principle of their 
construction, and to make one for his own use. It has 
become a question, though one of no interest, whether the 
Italian philosopher liad actually seen one of the new instru- 
ments. We cannot hesitate for a moment in believing 
Galileo’s assertion ; and even if we confide in the statement 
made by Fucarius, that he had himself seen one of the 
Dutch telescopes, which at that time had been brought to 
Venice, it by no means follows that Galileo saw it. It is 
quite certain, indeed, that previous to the 31st August 1609, 
one of the new perspective glasses had been sent from 
Flanders to the Cardinal Borghese and Lorenzo Pignoria, 
on the authority of whose letter of the above date this fact 
rests,® adds, “ we have seen some here, and truly they 
succeed well.” 

The following is Galileo’s account of the matter, from a 
letter which he wrote in March 1610: *‘It is about ten 


more appropriate names of telescope and microscope History, 
having been afterwards given to these instruments by 
Demisiano. 

Telescopes were early and eagerly imported into Eng- Telescopes 
land, and known by the name of trunks and ; in England, 

and so soon as July 1609 we find that our countryman 1609. 
Harriot was directing them to the lunar disc, and had begun Harriot, 
two full drawings of that luminary, which he afterwards 
completed.® Harriot’s earliest observations on Jupiter’s 
satellites were made on the 1st October 1610, nine months 
after their discovery by Galileo. The earliest telescope in 
England must therefore have been obtained from Holland ; 
and in a letter from Sir William Lower to Harriot, dated 
the longest dag of 1610, from Traventi in Caermarthen- 
shire, he says: “We are here so on fire with these things 
that I must render my request and your promise, to send 
more of all sorts of these cylinders. My man shall deliver 
you monie for anie charge requisite, and contente your 
man for his paines and skill. Send me so many as you 
think needful unto these observations: in requital I will 
send you store of observations. Send me also one of 
Galileus bookes, if anie yet be come over, if you can get 
them.” In a letter dated July 6, 1610, Sir Christopher 
Heyden writes to his friend Camden : “ I have read Galileus, 
and to be short, do concur with him in opinion, for his 
reasons are demonstrative ; and of my own experience with 
one of our ordinary trunks, I have told eleven stars in the 
Pleiades, whereas no age ever remembers above seven, and 


months ago that it came to our ears, that a glass had been 
worked by a Belgian, by the help of which, visible objects, 
though at a great distance from the eye of the observer, 
may be seen distinctly, (In the Italian of the Saggiatore 
it is added, ne pia aggiunto^ no more was added, or this 
was alL) And some experiments were related of the 
admirable effects of this instrument, which some believed, 
and others not. A few days afterwards the same was con- 
firmed by letters of a noble Frenchman, Jacob de Badorere, 
from Paris ; all which occasioned me to apply myself 
wholly to inquire into the cause of this, and to think on the 
means by which the invention of a similar instrument might 
be brought about ; in which I succeeded in a short time, 
assisted by the doctrine of refraction : and I first procured 
a leaden tube (an organ pipe), at the end of which I adapted 
spectacle glasses, both plane on one side, the one Convex 
on the other side, the second concave. Bringing the eye 
near the concave glass, I saw the objects large and near 
enough : they appeared three times nearer, and nine times 
larger than if seen with the naked eye. 

“ Afterwards I made another instrument, which made 


one of these, as Virgil testifieth, not always to be seen.”^ 
From this and other facts, Professor Rigaud infers “ that it 
is perfectly clear that Harriot and his friend had been in 
the habit of using telescopes before the discoveries of 
Galileo were known to them ; and it appears likewise that 
in 1610® they were manufactured in England.” The mag- 
nifying power of some of the telescopes used by Harriot 
were f, y, In a letter from Sir William 

Lower to Harriot, dated Traventi, 6th July 1610, he says : 
“I have received the perspective cylinder that you pro- 
mised me, and am sorrie that my man gave you not more 
w\arning, that I might have had also the two or three more 
that you mentioned to chuse for me. Henceforward he 
shall have orders to attend you better, and to defray the 
charge of this an others, for he confesseth to me that he 
forgot to pay the worke man. 

“ According as you wished, I have observed the moone 
in all his changes. In the new I discover manifestlie the 
earthshine a little before the dichotomie ; that spot which 
represents unto me the man in the moone (but without a 
head) is first to be seene. A little after, neare the brimme 


objects appear sixty times larger. 

“ Finally, sparing neitiier industry nor expense, I suc- 
ceeded so far as to make an instrument of such excellence 
as to make the objects seen through it appear a thousand 
times larger, and more than thirty times nearer, than if seen 
with the natural power of the eye.”^ 

Galileo’s first telescope must have been made in May or 
June 1610. Viviani® says, that it was in April or May 
1609 that the rumour of the invention of the telescope 
reached Venice when Galileo w^as there, and that, with this 
information only, Galileo returned to Padua, and succeeded 
in finding out the principle in the following night. 

The new instrument long went by die names of Gali- 
leo’s tube, the perspective, and the double eye-glass, the 


of the gibbous parts, towards the upper corner, appeare 
luminous parts like starres, much brighter than the rest ; 
and the whole brimme along lookes lik-e unto the descrip- 
tion of coasts in the Dutch bookes of voyages. In the full 
she appears like a tarte that my cooke made me the last 
weeke. Flere a vaine of bright stufFe, and there of darke, 
and so confusedlie al over. I must confesse I can see none 
of this without my cylinder ; yet an ingenious younge man 
that accompanies me here often, and loves you and these 
studies much, sees manie of these things, even without the 
helpe of the instrument, but with it sees them most plainlie, 
I mean the young Mr Protheroe.” 

It is highly probable that the first Dutch telescopes had 
their eye-glass concave, like Galileo’s, though this sup- 


^ The hinocular telescope. ^ «Hife of Galileo,’^ Libr. Useful Knowl., p. 23. 

® The foUowing ie the passage : We have no news except the return of his Serene Highness, and the re-election of the lecturers, 
among whom Signior Galileo has contrived to get 1000 florins for life; and it is said to he on account of an eye-glass like the one which 
was sent from Elanders to Cardinal Borghese. We have seen some here, and truly they succeed well.” 

* Moll, Journal of the Eoyal Institution, vol. i., p. 488. ^ Viviaixi Vita del Galileo, p. 69. 

Kigaud’s Supplement to Bradley^ s Misc^laneous Works, pp. 20, 21, Camden, Epistoloe, p, 129, quoted by Professor Bigaud. 
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position is opposed by the traditional story of a large and 
inverted image of a weathercock having been seen through 
the earliest of them, in which case the eye-glass must have 
been convex. Even so late as the period when Descartes 
published his Dioptrics^ which was in 1637, no other tele- 
scope but a Galilean one had been described, excepting in 
Kepler’s Dioptrica^ which appeared at Frankfort in 1611, 
In his 86 th proposition he explains the theory of the tele- 
scope, and has shown how an instrument which produces the 
same effects might be made, by substituting for the usual 
concave eye-glass one or more convex eye-glasses. Kepler, 
however, does not appear to have constructed such a tele- 
scope, and Father Scheiner’ seems to have been the first per- 
son who embodied the plan in an actual instrument, which 
has ever since been known by the name of the astronomi- 
cal telescope^ in consequence of the inversion of the images 
not being disagreeable in astronomical observations. 

The real inventor of the compound microscope is as little 
known as the inventor of the telescope. It would be in 
vain to inquire into the history of the single microscope, 
for the magnifying power of globes was known to the 
ancients ; and no individual ambition or national partiality 
has endeavoured to assign the honour of inventing it to any 
person whatever. We agree wdth Professor Moll, that 
Zacharias Zansz or Jansen has the best claims to be 
considered as the constructor of the compound micro- 
scope. He seems to have made one so early as 1590, 
and to have presented one to the Archduke Albert of 
Austria, who gave it to Cornelius D rebell, who lived, as 
mathematician to the king, at the court of our James the 
First. William Boreel, the envoy to England from the 
States of Holland, saw in England, in 1619, and in the 
hands of Cornelius Drebell, the very microscope which 
Zansz had given to the archduke. This account of its 
history was given by Drebell himself. The microscope in 
question was 18 inches long, consisting of a tube of 
gilt copper 2 inches in diameter, supported by two sculp- 
tured dolphins, resting on a base of ebony, u})on which the 
objects were placed. M. Fontana, a Neapolitan, first 
described the compound microscope, consisting of two con- 
vex lenses, in his work entitled Novce Terrestrium et Celes- 
iium Ohservationes, which appeared in 1646 ; but claims to 
have made the discovery so early as 161 8, though he does not 
adduce any evidence whatever of this fact. Huygens, on 
the contrary, says, “ It does not appear that these micro- 
scopes were made in the year 1618, because Sirturus, who 
published a book that year about the origin and construc- 
tion of telescopes, would hardly have been silent upon so 
remarkable an invention, if it had been thus known. 
Fontana, indeed, lays claim to it from the year 1618, in his 
book of Observations, published in 1646 ; but the testimony 
of Lyrsalis, there printed, goes no higher than the year 
1625. But that my countryman Drebelius made these 
compound microscopes at London in the year 1621, 1 have 
often been informed by several eye-witnesses, and that he 
was then reckoned the first inventor of them.” 

^ This testimony of Huygens in favour of Drebell is in 
direct contradiction to the statement said by Boreel or 
Borelli, to have been made to the Dutch envoy in 1619. 

In consequence of this conflicting evidence, Galileo may- 
be regarded as having the best claim to the invention of 
the compound microscope. Viviani distinctly informs us, 
in his Life of Galileo, that he was led to the invention of 
the microscope by that of the telescope, and that in the year 
1612 he actually sent a microscope as a present to Sigis- 
mund, King of Poland. Having been dissatisfied with the 
performance of this instrument, he seems to have devoted 
himself twelve years afterwards to its improvement ; and in 


a letter to P. Frederigo Cesi, he says that he had delayed History, 
to send him the microscope, the use of which he describes, 
he had only then brought it to perfection, owing to the 
difficulty he experienced in making the glasses.® In his 
Magic of Nature, Schottus mentions a singular accident 
which took place with one of the newly-invented micro- 
scopes. A Bavarian philosopher, when travelling in the 
Tyrol, was taken ill on the road and died. The village 
authorities found a little glass instrument in his pocket, 
which happened to contain a flea fixed in the focus of the 
microscope. Upon looking into the eye-glass, they were 
struck with terror at the sight of the gigantic animal, and 
the remains of the poor philosopher, who was thus proved 
to be a sorcerer, were pronounced unworthy of Christian 
burial. Some bold sceptic, however, explored the mystery, 
and produced the giant which had alarmed them.® 

The name of Kepler, though associated principally with Discoveries 
astronomical discovery, will ever be venerated by the cul- 
tivators of optical science. His researches, which relate 1530 * 
principally to vision and refraction, are contained in his 
Paralipomena ad Vitellionem, published at Frankfort in 
1604, and in his Dioptrica, already referred to. His dis- 
coveries respecting vision, though founded to a certain 
degree on the views of Maurolycus and Baptista Porta, are 
nevertheless to a great extent original. He was the first 
person who actudly showed that distinct and inverted 
images of external objects are formed upon the retina, as 
in the camera obscura, by the foci of pencils emanating 
from every point of the object. He explained the pheno- 
mena of distinct and indistinct vision, and showed how that 
indistinctness could be removed by the use of convex and 
concave glasses. Although D’Alembert^ has asserted that 
all optical writers before him had assumed it as an axiom 
that every visual point is seen in the direction of its visual 
ray, yet, as Dr Wells has observed, this assertion is not 
well founded, for Kepler had long ago maintained that ob- 
jects are perceived not along the visual rays, but along lines 
which pass from their pictures on the retina through the 
centre of the eye ; an opinion in which he has been followed 
by Dechales and Dr Porterfield, to the last of whom Dr 
Reid has by mistake ascribed the discovery of this law. 

Hence Kepler was led at once to the true theory of erect 
objects being seen from inverted images. This he con- 
sidered as the business of the mind, which, when it judges 
of an impression made on the lower part of an inverted 
image on the retina, considers it as made by rays proceed- 
ing from the higher parts of an erect object, a necessary 
consequence of his opinion that objects are perceived in 
lines passing through the centre of the retina. In order 
to explain the adaptation of the eye to different distances, 

Kepler supposed that the ciliary processes draw the sides 
of the eye towards the crystalline lens, by which change 
the globe of the eye is elongated, and the retina placed at 
a greater distance from the crystalline, so as to accommo- 
date the eye to the distinct vision of near objects. 

The refraction of light in its passage through different 
media is treated very unsatisfactorily by Kepler. Although 
he failed in his attempts to discover the law of refraction, 
yet he amved at certain rules for glass, which enabled him 
to discover many of the leading principles of convex and 
concave lenses. He found, for example, that below SO'* of 
incidence, the angle of refraction was nearly two-thirds of 
the angle of incidence ; that at 90° of incidence the angle 
of refraction was 42° ; and that if the refracted r«.y f ell at 
a greater obliquity than 42°, upon the interior surface of 
glass, it would be totally reflected back again into the glass 
at an angle equal to that of incidence. He then shows, by 
applying these principles, that plano-convex lenses of glass 


^ Itosa Vrsina^ 1650. ^ Life of Galileo,” Idbr^ of Useful Knowledge, p. 25. ® Ibid., p. 27. 

* Opuscules Matliematiques, tom. i., p. 265. 
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History, have their foci at a distance from the lens equal to the dia- 
meter of the sphere of which their convex surface is a por- 
tion, and that equi^convex lenses have their focal length 
equal to the radius of the sphere of which their convexities 
are a portion. When the lens has its surface unequally 
convex, he makes the focal length equal to a mean of the 
radii of the two spheres. The same properties being proved 
in reference to concave lenses, Kepler proceeds to find the 
focus of refracted rays, when they radiate from points at 
different distances from the lens. He proved also that rays 
issuing from the focus of a lens will emerge on the other 
side of it parallel; that if they issue from a point between 
the focus of the lens, they will diverge after refraction, 
while those which issue from a point beyond the focus will 
converge ; and, finally, that when the distance of the 
radiant point is equal to twice the focal length of the lens, 
the distance of the image will be equal to the distance of 
the object. 

In treating of the refraction of the atmosphere, Kepler 
remarked that the quantity of refraction would alter if the 
atmosphere varied in weight, and that it would be different 
at different temperatures. 

Snellius Although Tycho and Kepler made many ineffectual 
discovers attempts to discover the law of refraction, yet the honour 
the law of Qf great discovery was reserved for Willehrord Snellius, 
Td 16^20^^ professor of mathematics at Leyden, who died at the age 
'of thirty-five, leaving behind him a manuscript work on the 
subject. The doctrine of refraction having become more 
important after the invention of the telescope, Snellius 
devoted himself to its investigation, and after many 
troublesome experiments and attempts,” succeeded in his 
research. Supposing AB to be 
the refracting surface of water, 
an object under the water at D 
appeared as if it were raised and 
seen in the line RC. He then 
produced RC till it intersected, 
at E, a line DK drawn parallel 
to the perpendicular MN, and he 
asserted that at every angle at 
which the object D was viewed, 
it would appear at E, and that 
CD was to CE in a given ratio, 
such as 4 to 3, when the refract- 
ing body was water. Now this 
is a true geometrical expression 
of the law of refraction, though 
the same truth may be better 
enunciated in other two ways. If we continue the lines 
CE, CD till they meet Ad^ a line perpendicular to AB, in 
the points / and d ; then, on account of the parallels Ad, 
KD, CD is to CE as CcZisto Cf; but ACrf is the com- 
plement of the angle of refraction, and AC/* the complement 
of the angle of incidence, and Ad, Af are their secants. 
Hence it follows from Snellius’s result, that the cosecants 
of the angles of incidence and rtfraction are in a constant 
ratio, which is a correct mathematical expression of the law 
of refraction. Again, in the triangle CDE, the sides CD, 
CE are to one another as the sines of the opposite angles; 
that is, as the sines of the angles DEC or KEC, or ECN 
or RCM, and of CDE or DCN ; that is, the sines of the 
angles of incidence and reaction are in a constant ratio, 
which is the usual and most distinct expression of the law 
of refraction. In giving this law of Snellius, Huygens has 
in our opinion forgotten his usual courtesy, when he states 
that Willehrord Snellius did not “ thoroughly comprehend 
his own invention,” and never imagines that the ratio was 


the ratio of the sines.” Now we cannot conceive it possible History, 
that a man like Snellius, who was a good geometer, Tvas 
ignorant of the two simple trigonometrical expressions of 
his geometrical law ; and we do not doubt that he preferred 
his own for two distinct reasons. In the first place, it con- 
nects itself with the leading physical phenomena of the 
apparent rise of the refracted object from D to E, and by 
substituting CF for CD it furnishes us with a much more 
simple and accurate method of obtaining by projection the 
refracted ray from the incident one. If RF, for example, 
is the incident ray, we have only to divide CF into two 
parts, CE, EF, so that CF is to CE in the constant ratio 
belonging to the refracting body. 

But whether we are right in this conjecture or not, it is 
an unquestionable truth that Snellius discovered the true 
law of refraction, though he did not express it in trigono- 
metrical language. 

In the year 1637, about eleven years after the death ofDescartes, 
Snellius, Descartes published his Dioptrics, in which, with- 
out ever mentioning the name, or alluding to the labours 
of Snellius, he announces the true law of refraction ex- 
pi-essed in terms of the sines, as the result of his own in- 
quiries. As Snellius’s work existed only in manuscript, it 
was quite possible that Descartes knew nothing of its con- 
tents ; but Vossius, in his work De Natura Lucis, states, 
that the heirs of Hortensius had communicated freely to 
Descartes the manuscripts of that professor, among which 
was that of Snellius’s work ; and Huygens confirms this 
allegation when he states in his Dioptrics that he had him- 
self seen the whole manuscript volume of Snellius, and had 
heard that Descartes had also seen it,^ and that it was 
perhaps from hence that he deduced {elicuerit) that mea- 
sure which consists in the sines. We should not have 
entered so minutely into this subject, had not M. Biot'-^ 
thrown into entire oblivion the labours of Snellius, and 
ascribed to Descartes the undoubted discovery of what he 
calls this great property of light.” The same eminent 
philosopher likewise ascribes to Descartes the discovery 
that the incident and refracted rays are always in the same 
plane, a truth which was well known to Ptolemy, and which 
is clearly included in Snellius’s expression of the law of 
refraction. In opposition to the opinion of M. Biot, we 
must place those of Huygens, Montucla, Bossut, Priestley, 

David Gregory, Smith, Hutton, Robison, Young, and 
Playfair ; and we shall dismiss the subject after giving the 
admirable reasons which induced Professor Playfair to decide 
against Descartes. “ There is no doubt, therefore,” says 
he,® ‘‘ that the discovery was first made by Snellius ; but 
whether Descartes derived it from him, or was himself the 
second discoverer, remains undecided. The question is 
one of those, where a man’s conduct in a particular situation 
can only be rightly interpreted from his general character 
and behaviour. If Descartes had been uniformly fair and 
candid in his intercourse with others, one would have rejected 
with disdain a suspicion of the kind just mentioned. But the 
truth is, that he appears throughout a jealous and imperious 
man, always inclined to depress and conceal the merit of 
others. In speaking of the invention of the telescope, he has 
told minutely all that is due to accident, but has passed care- 
fully over all that proceeded from design, and has incurred 
the reproach of relating the origin of that instrument without 
mentioning the name of Galileo. In the same manner, 
he omits to speak of the discoveries of Kepler, so nearly 
connected with his own ; and, in treating of the rainbow, 
he has made no mention of Antonio de Dominis. It is 
impossible that this should not produce an unfavourable im- 
pression ; and hence it is that the warmest admirers of Des- 
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Bossut is incorrect in saying that Huygens assures us that Descartes saw the manuscript volume of Hortensius. His words are, ‘‘ et 
Oanssmm quoqus mdisse accepimus.” (JXojptrica, p, 3.) ® Traitt de Physique, tom. iii., pp. 204, 206. 

• Professor Playfair’s Dissertation in this Work, part i,, § 5. 
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History cartes do not pretend that his conduct towards Snellius can 
be completely justified.” 

The Dioptrics of D escartes consists of ten chapters. Th e 
first treats of light, the second of refraction, the third of the 
eye, the fourth on lenses in general, the fifth on the images 
formed on the bottom of the eye, the sixth on vision, the 
seventh on the mode of perfecting vision, the eighth on the 
figures which transparent bodies require to turn the rays 
by refraction suited to all modes of vision, the ninth on 
microscopes, and the tenth on the mode of polishing glasses. 
The inability of spherical surfaces to converge rays to one 
point or focus had been long known to opticians ; and 
Kepler, though he conjectured that surfaces generated by 
the revolutions of the conic sections might have such a 
property, left the subject just as he found it. Descartes, 
however, has discussed it in a most ingenious manner in 
the eighth chapter of his Dioptrics. He has shown how 
parallel and converging and diverging rays may be brought 
to accurate foci by means of ellipsoidal and hyperboloidal 
surfaces, so that if such surfaces could be executed by 
opticians, all optical instruments would receive the highest 
degree of perfection which they could attain from the re- 
moval of spherical aberration. In order to carry this sys- 
tem into effect, he contrived machines for grinding elliptical 
and hyperbolical lenses ; and in the tenth chapter of his 
Dioptrics he has given perspective drawings and descrip- 
tions of them. In the years 1627 and 1628, when he was 
residing at Paris, M, Mydorgius, wdth whom he lived on the 
most intimate habits, urged him to undertake the grinding 
of hyperbolical and elliptical lenses, and he soon became a 
great master of the art of glass-grinding. He found it 
necessary, however, to associate with himself in this under- 
taking an eminent artist, M, Perrier, who, as an optical- 
instrument maker, was well acquainted both with the theory 
and the practice of his art. After many failures, a tolerably 
good hyperbolic convex lens w^as completed ; but the con- 
caves were found to be more difficult ; and in consequence 
of M. Perrier refusing to accompany Descartes to Praneker, 
and having occasioned him much needless expense in the 
erection of his laboratory, a quarrel took place, and the 
great practical object which they had in view was for a 
while abandoned. Descartes, however, was sanguine in his 
expectations, and not aware that there was another aberra- 
tion more difficult to overcome than that of spherical figure, 
he expected to be able to make the greatest discoveries in 
the heavens by means of his new lenses. With the 
assistance of M. Huygens, the father of the celebrated 
philosopher, he induced some Dutch artists to renew the 
attempts of Perrier ; but these and his subsequent endea- 
vours to construct such lenses have failed, though we cannot 
allow ourselves to think that the attempt is a hopeless 
one. 

Descartes made some interesting observations upon 
vision, particularly on the method by which we judge of 
the distances and magnitudes of objects ; but his principal 
discovery in physical optics relates to the theory of the 
rainbow. He discovered the true cause of the exterior 
rainbow ; and in his Traite des Meteores, he proves that it 
was produced by two refractions, and two intermediate 
reflections within the drop, thus explaining most satisfac- 
torily the faintness of its illumination, and the inversion of 
its colours. He has clearly shown also, why the interior 
bow is 42® in diameter, while the exterior one is 52®; 
though he did not understand the true origin of the colours. 
We regret to add, that Descartes gives his explanations of 
both the interior and exterior bows without ever mention- 
ing the name of Antonio de Dominis, who was the real 
discoverer of the cause of the rainbow ; and our regret is 
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increased when we are compelled to add, that M. Biot has, History, 
contrary to the opinion of all philosophers, given his aid to 
Descartes in depriving the Italian philosopher of the only 
discovery which has immortalized his naine,^ 

Tlie science of optics is under considerable obligations Christo- 
to Christopher Scheiner, a Jesuit, and professor of mathe- plier Schei- 
matics at Ingolstadt. He completed the theory of vision 
in so far as be proved by direct experiment that the pictures JggQ* 
of external objects were distinctly delineated on the retina. 

By paring away the coats from the back of the eyes of 
sheep and oxen, and also the human eye, he made the in- 
verted pictures distinctly visible, and exhibited the experi- 
ment publicly at Rome in 1625. In his work entitled Oculus, 
published in 1652, he speaks of the great resemblance of the 
eye to the camera obscura, and gives various contrivances 
for erecting the images. He adopts the theory of Kepler 
respecting the visible direction of objects, and he observed 
the interesting fact that the pupil of the eye is dilated in 
viewing distant, and contracted in viewing near objects. 

In measuring the refractive powers of the humours of the 
eye, he makes that of the aqueous humour differ little from 
that of water, and that of the crystalline humour differ little 
from that of glass, ascribing to the vitreous humour an in- 
termediate refractive power. By tracing the progress of 
the visual rays through all the humours of the eye, he de- 
monstrates that the retina, and not the crystalline lens, is 
the seat of vision ; and he describes some interesting ex- 
periments respecting vision tlirough one or more small 
apertures. We owe also to Scheiner the interesting ex- 
periment of exhibiting on the wall of a darkened room the 
disc of the sun with all its spots by means of a telescope. 

A new and very interesting branch of optics had begun Double re- 
to excite the attention of philosophers, namely, that of the fraction of 
double refraction of light. Erasmus Bartholinus, a physi- hgli* dis- 
cian at Copenhagen, and the author of several excellent 
works on geometry, received from some Danish merchants 
that fi-equented Iceland ‘‘ a crystal stone like a rhombic 166*9. ' 
prism, which, when broken into small pieces, kept the same 
figure." With this substance which was called Iceland spar, 
from its locality, Bartholinus made a number of experiments 
both chemical and optical, and he has published an account 
of the optical results which he obtained in a small volume 
which appeared at Copenhagen in 1669, under the title of 
Erasmi Bartholini Experimenta Crystalli Islandici, Dis- 
diaclastici quihus mira et insolita Refractio detegitur, and 
is dedicated to Frederick III., King of Denmark. In seven- 
teen experiments and twelve propositions this able and saga- 
cious philosopher has presented us with an excellent sum- 
mary of the more prominent phenomena of double refrac- 
tion. He has shown that Iceland spar has the property of 
double refraction, — that is, of giving two images of all ob- 
jects seen through it, whether its faces are parallel or in- 
clined, like those of a prism ; that the incident light is 
equally divided between these two pencils ; that one of 
these refractions is performed according to the law of 
Snellius, the ratio of the sines being as 1 to D667, but that 
the other is performed according to an extraordinary law 
which had not previously been observed by philosophers. 

He observed also a position in which the object appears 
six-fold, but he did not discover that this cook place only 
in some specimens which were composite or irregular 
crystals. 

These discoveries of Bartholinus having been communi- Discoveries 
cated to the Royal Society of London, and printed in No. of Huy- 
67 of their Transactions, they attracted the notice of gens, born 
Christian Huygens, a celebrated Dutch philosopher of the ^629, died 
finest genius and the highest attainments. Having given 
a new theory of refraction, he wanted to repeat Bartholinus^s 


^ In his Optics, book ix., p, 147, Sir Isaac Hewton gives almost the whole merit of the explanation of the rainbow to De Dominis. He 
says, The same explication Descartes hath pursued in his Meteors, and mended that of the eseterior how.” 
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History, experiments, principally with the view of ascertaining if they 
opposed any difficulties to that theory. His work on this 
subject, entitled De 1^ estrange Refraction du Cristal d^Is“ 
landcy which forms the 5th chapter of his Traiti de la Lu- 
miere^ w'as written in 1678, and was read to Cassini, Roemer, 
and De la Hire, and to several other members of the Royal 
Academy of Sciences, which he had been invited to join 
by the liberality of the French king ; but it was not pub- 
lished till 1690, when he was resident at the Hague. After 
giving Bartholinus the credit of having discovered some of 
the principal phenomena of double refraction, he describes 
the general properties of Iceland spar in forming two images 
of objects, and he shows that all the phenomena are related 
to the axis, or that diagonal of the rhomb, in the direction 
of which the crystal has no double refraction. He proves 
that the double refraction, or separation of the two images, 
gradually increases as the inclination of the refracted ray to 
the axis increases, and becomes a maximum in a plane at 
right angles to the axis. In the four preceding chapters of 
his Traite de la Lumiere he had explained ail the pheno- 
mena of reflection and refraction upon a new theorj^in which 
he supposed light to be produced in the same manner as 
sound, by means of undulations propagated in an elastic 
ethereal medium ; a hypothesis revived by Euler and ex- 
tended by Dr Young, and now almost universally embraced 
under the name of the “ undulatory theory.” In applying the 
same theory to explain the phenomena of double refraction, 
he supposes the ray produced by the ordinary refraction 
of the medium to be produced by spherical undulations 
propagated through the crystal, while the ray formed by 
the extraordinary refraction is produced by spheroidal 
undulations, the ratio of the two refractions determining 
the form of the generating ellipse. Huygens then pro- 
ceeds to show that this theory affords, by calculation, re- 
sults agreeing very exactly with those which he had ob- 
tained by direct experiment. This discovery is perhaps 
the most splendid which has occurred in the history of 
optical science. 

discovery When Huygens had finished his researches on double 
of the po- refraction, he discovered what he calls a “ wonderful phe- 
laHzation nomenon,”^ and, though he acknowledges that we cannot 
of light, jjjg cause of it, yet he thinks it proper to indicate the 

phenomenon that others may inquire into it. This discovery 
is that of the polarization of the light which forms the two 
pencils of Iceland spar, and he confesses that he must add 
to this theory other suppositions in order to explain it, though 
he thinks that a theory confirmed by so many proofs will 
still preserve its plausibility {vraisemhlance). Huygens 
had naturally supposed that the light which composed the 
two pencils was like all other light, but upon transmitting 
the two rays formed by one rliomb of calcareous spar through 
another rhomb, he was astonished to perceive that when the 
two rhombs were similarly placed as if they had formed one 
larger one, neither of the rays suffered double refraction in 
passing through the second rhomb, the ordinary ray from 
the first being only ordinarily refracted by the second 
rhomb, and the extraordinary ray only extraordinarily re- 
fracted. The same thing took place when one of the 
rhombs, — the second, for example, — was turned round 90°, 
with this difference, that the ordinary ray of the first rhomb 
suffered only extraordinary refraction, and the extraordinary 
ray only ordinary refraction from the second rhomb. But 
in all other positions of the second rhomb, excepting these 
two rectangular ones, the ordinary and extraordinary rays 
of the first rhomb were each divided into two by the second 
rhomb ; so that there were four rays, sometimes of equal, 

but generally of unequal brightness, and such that the light 


of all the four never exceeded that of the single ray inci- History, 
dent on the first rhomb. 

Huygens discovered also the double refraction of quartz, 
or rock-crystal, but he committed a great mistake in sup- 
posing that its double refraction was regulated by an en- 
tirely different law, the light being in this case propagated 
through it in two spherical tvaves. one of which was a little 
slower then the other? This result he mentions in his pre- 
face as having been obtained after he had read his work to 
his colleagues in the Academy of Sciences. It is, however, 
founded on an incorrect observation, as the extraordinary 
refraction of rock-crystal is produced by spheroidal undu- 
lations like that of Iceland spar, with this difference only, 
as afterwards discovered by M, Biot, that the spheroid is a 
prolate one. 

Even if Huygens had not immortalized his name by these 
great discoveries, his treatise on Dioptrics and on Halos^ 
and his construction of refracting telescopes of immense 
size, would have given him the highest reputation. His 
treatise on Dioptrics^ which was not published till 1703, 
among his posthumous works, and which he had begun to 
prepare at an early period of his life, was particularly ad- 
mired by Sir Isaac Newton. It contains a copious explana- 
tion of the properties of lenses of all forms; and their sphe- 
rical aberration is treated with much perspicuity, having 
previously, in the 6th chapter of his Traite de la Lumiere^ 
published an interesting discussion respecting the figures 
of transparent bodies for refracting and reflecting light to 
a single focus. The subject of vision, and the method of 
assisting long and short sighted persons by lenses is ably 
discussed, and nearly the latter half of the work is devoted 
to the theory of telescopes, telescopic eye-pieces, and micro- 
scopes. 

Many of these theoretical views Huygens submitted to 
the test of experiment. Having acquired great expertness 
in the art of grinding lenses, he executed refracting tele- 
scopes 12 and 24 feet in focal length, and afterwards one 
of 120 and another of 123 feet, with which he discovered 
Saturn's ring and the fourth of his satellites. These two 
last object-glasses he presented to the Royal Society ; but 
as it was impracticable to use tubes of such enormous length, 

Huygens contrived a method of mounting them without 
tubes at the top of a long pole. The practical knowledge 
which he had thus acquired, was published along with his 
Dioptrics in a work entitled Commentarii de formandis 
poliendisque vitris ad Telescopia, a considerable part of 
which was published by Dr Smith in his Optics. Among 
his posthumous works appeared his Dissertatio de Coronis 
et ParheliiSi a work of great merit, in which he ascribes 
these phenomena generally to crystals of ice in the upper 
atmosphere, and a translation of the whole of which Dr 
Smith has published in the first volume of his Optics. 

Among the eminent men who gave an impulse to optical James 
discovery, we must assign a considerable place to our coun- Gregory, 
tryman James Gregory, This eminent mathematician, in 
confirming the experiments of Vitello and Kircher on the * 

angles of refraction, discovered the true law which had pre- 
viously been found by Snellius. He made the refractive 
power of water 1*3347, which coincides exactly with that of 
the middle ray between the lines D and E of Fraunhofer. 

Having discovered, before the publication of this work, that 
Descartes’ Dioptrics contained the law of refraction, he men- 
tions the circumstance, and ascribes his being unacquainted 
with that work to the ‘‘ want of new mathematical books ” 
in the library of the college of Aberdeen, Although Bap- 
tista Porta appears to have made the nearest approach to fleeting 
the invention of the Newtonian reflecting telescope, or telescope 


^ “ Une phenomene merveilhux, qae j’ay decouvert apres avoir 4erit tout ce que dessus.’* {Traite de la Lumiere^ p. 88.) 

Traite, &c., §§ 20, 21. “ Cette doa'ble refraction sembloit demander une double Emanation d'oudes de lumiere, toutee deux spheriques^ 
(car les deux refractions sont reguli^ree) et les unes seulement un peu plus lentes que les autres.^’' 
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History, rather microscope, yet his experiment excited no notice, 
and no instrument could be said to have been invented. 
Gregorian James Gregory, however, has described what is now known 
telescope, by the name of the Gregorian Reflecting Telescope, at 
the end of his Optica Promota^ published in 1663. It 
consisted of a parabolic concave mirror perforated at the 
centre, and having in front of it a small concave elliptic 
speculum, at a distance a little greater than the sum of 
their focal lengths. The parallel rays emitted by a remote 
object formed an image of that object in front of the great 
miiTor, and in its focus ; and in the conjugate focus of the 
small speculum, behind the great speculum, there was 
formed another image of the object, which was magnified 
by an eye-glass. In 1664 Messrs Rives and Co., English 
opticians, attempted to construct a 6-feet Gregorian tele- 
scope, under the superintendence of its inventor, but, after 
a rough trial of it, Mr Gregory, not aware of the nice ad- 
justments which it required, conceived that the figure of 
the speculum was defective, and, being on the eve of going 
Newtonian abroad, he never even made a tube for the mirrors. Stimu- 
telescopes. lated by the failure of his friend, Newton “altered,” as he 
says, “ the design of the instrument,” and “ placed the eye- 
glass at the end of the tube rather than at the middle;” and 
therefore he was obliged to reflect the rays to a side by an 
oval plane speculum. Sir Isaac actually constructed one 
of these instruments with his own hands, and described it 
in a letter to a friend, dated the 23d February 1668-9. 
The aperture of the speculum was 1 inch, its focal length 
six inches, the eye-glass, which was a plano-convex lens, 
about 3 ^ths of an inch in focal length, and the magnifying 
power 39 times. He considered it as equal to a 3 or 4 
feet refractor, and it showed distinctly the four satellites of 
Jupiter and the phases of Venus.^ Encouraged by his 
success, he completed another telescope in 1671, which was 
better than the first, and which is preserved in the library 
of the Royal Society. The next Newtonian reflecting tele- 
scope of any importance was executed by Mr John Had- 
ley in 1719 or 1720, with a speculum 6 inches in diameter, 
and 5 feet in focal length ; but for a long time the Gre- 
gorian form was the most popular in England. About 
Cassegrain- 1672 M. Cassegrain substituted a convex speculum for the 
ian tele- small concave one of Gregory, which had the advantage of 
scope. shortening the tube of the telescope without diminishing 
the power of the instrument. , 

Other claimants have arisen for the honour of inventing 
the reflecting telescope. Father Mersenne, in a letter to 
Descartes in 1637, suggested the idea of using concave 
mirrors in reflecting telescopes ; but Descartes endeavoured 
to convince him that his views were not likely to succeed. 
At a later period Fontenelle, in the History of the Academy of 
Sciences for 1700, has very recklessly ascribed the invention 
of this instrument to Father Ziicchi, an Italian Jesuit, who 
published at Lyons, in 1652, a volume entitled Optica 
Philosophical In this work he says that he thought of 
substituting concave specula for object-glasses, and having 
found a concave metallic mirror in a cabinet of curiosities, 
he applied to it a concave eye-glass, and observed with it 
celestial and terrestrial objects. As no small speculum was 
used in this combination, it was neither a Newtonian, Gre- 
gorian, nor Cassegrainian telescope ; and if Zucchi conceived 
himself the inventor of a reflecting telescope, why did he 
conceal it till 1 652, and why did he not get a real specu- 
lum made to give his idea a fair trial ? 

Grimaldi Among the discoveries of the seventeenth century, that 
of the inflection of light ranks among the most important, 
tion^of addition to physical optics was made by Francis Maria 

light ; born Grimaldi, an Italian J esuit, who published an account of it 
1^10, died lo a work en\X^QdPhysico-mathesis de Lumine, Coloi^bus, 
1663. 
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et Jride, aliisque annexis, which was published at Bologna History 
in 1665, two years after his death. Introducing a ray of 
the sun’s light into a dark room, and through a very small 
aperture, he remarked that it formed a cone of light in 
which all bodies had their shadows larger than if the rays 
passed in straight lines by their edges. Round these sha- 
dows he noticed three coloured fringes becoming narrower 
as they were farther from the body ; and in strong light he 
observed similar coloured fringes, varying from two to four, 
according to the distance of the shadow from the body. 

Hence our author concluded that light is bent from its 
rectilineal path in passing by the edges of bodies. 

When he admitted the light through two small apertures, 
so near each other that the one luminous cone did not 
penetrate the other till at a considerable distance from the 
apertures, he observed that the rays so interfered with one 
another as to render the spot illuminated by their united 
light more obscure than when it was illuminated by either 
of them singly. This extraordinary result is announced in 
file following proposition ; “ That a body actually illu- 
minated may become more obscure by adding a new light 
to that which it already receives,” — and may be regarded as 
the first discovery of the interference of light. 

Dr Robert Hooke, one of the most ingenious and able Dr Hookp, 
men of the century which he adorned, not knowing of the 163^, 
discovery of Grimaldi, communicated to the Royal Society 
in 1672 an account of “ the discovery of a new property of 
light not mentioned by any optical writers before him.” 

In a subsequent communication in 1675, he draws the fol- 
lowing conclusions from his experiments : — 1, There is a 
deflection of light, differing both from reflection and refrac- 
tion, and seeming to depend on the unequal density of the 
constituent parts of the ray, whereby the light is dispersed 
from the place of condensation, and rarified, or gradually • 
diverged into a quadrant. 2. This deflection is made 
towards the superficies of the opaque body perpendicularly. 

3. Those parts of the diverged radiations which are de- 
flected by the greatest angle from the straight or direct 
radiation are the faintest, and those that are deflected by' 
the least angles are the strongest. 4. Rays cutting each 
other in one common foramen do not make the angles at 
the vertex equal. 5. Colours may be made without refrac- 
tion, 6. The diameter of the sun cannot be taken with 
common sights. 7. The same rays of light, falling upon 
the same point of an object, will turn into all sorts of colours 
by the various inclination of the object. 8. Colours begin 
to appear when two pulses of light are blended so well, and 
so near together, that the sense takes them lor one.” 

We owe also to Dr Hooke the first accurate experiments 
that were made on the subject of thin plates, which, we be- 
lieve, had been first observed by Mr Boyle.® He investi- 
gated the leading phenomena as exhibited in the colours of 
the soap bubble, and between two plates of glass pressed 
together. He discovered that the colours depended upon 
certain thicknesses of the thin plates ; but he failed in de- 
termining the relation between given thicknesses and given 
colours. He succeeded in splitting mica into plates of ex- 
treme tenuity, so as to give the most brilliant colours, one 
giving a another a hlue<i and the two together a deep 

purple. In his Mierographia^ printed about seven years 
before any of Newton’s experiments were made on the same 
subject, Dr Hooke has published the following remarkable 
explanation of these phenomena, which coincides in a 
singular manner with that which is now universally re- 
ceived : — “ It is most evident (says he) that the reflection 
from the under or further side of the body is the principal 
cause of the production of these colours. Let the ray fall 
obliquely on the thin plate, part thereof is reflected back 


1 Brewster’s Memoirs of the Life, Writings, and Discoveries of Sir Isaac Newton^ vol. i., pp. 45-52. 
® Experiments and Observations upon Colours , 1663, 
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History, by the first superficies,— part refracted to the second surface, 
whence it is reflected and refracted again. So that after 
two refractions and one reflection there is propagated a 
kind of fainter ray ; and by reason of the time spent in 
passing and repassing, this fainter pulse comes behind the 
former reflected pulse ; so that hereby (the surfaces being 
so near together that the eye cannot discriminate them 
from one) this confused or duplicated pulse, whose strongest 
part precedes, and whose weakest follows, does produce on 
the retina the sensation of a yellow. If these surfaces are 
further removed asunder, the weaker pulse may become 
coincident with the reflection of the second or next follow- 
ing pulse, from the first surface, and lag behind that also, 
and be coincident with the third, fourth, fifth, sixth, seventh, 
or eighth ; so that if there be a thin transparent body, that 
from the greatest thinness requisite to produce colours does 
by degrees grow to the greatest thickness, — the colours 
shall be so often repeated, as the weaker pulse does lose 
paces with its primary or first pulse, and is coincident with 
a subsequent pulse. And this, as it is coincident or follows 
from the first hypothesis I took of colours, so upon experi- 
ment have I found it in multitudes of instances that seem 
to prove it.” 

Galileo and the philosophers of the Academia del Cimento 
had proposed to measure the velocity of light by means of a 
base on the surface of the globe ; but such an attempt was 
utterly hopeless, and it was only in a wider range that this 
problem could be solved. Bafiled in finding an explanation 
of some irregularity in the emersion of the first satellite of 
Roemer ^ upiter, Cassini and Roemer had concluded that it depended 

born 1644 ^n the distance of Jupiter from the earth, and that in order 
died 17 lo! to explain it, it was necessary to suppose that the light of 
the satellite required ten or eleven minutes to move across 
the earth’s orbit. This happy idea seems to have first oc- 
curred to Cassini ; but he speedily abandoned it, while 
Roemer pertinaciously cherished the hypothesis, and at 
last immortalized himself by demonstrating in the most 
rigorous manner that light moves through the diameter of 
the earth’s orbit, a distance of 190 millions of miles, in 
eleven minutes. 

Passing over the valuable researches of Tschirnhausen, 
a Saxon nobleman, on caustic curves, which had been pre- 
viously discovered, and the discoveries of Mariotte and De 
la Hir6, respecting the seat of vision, which have not termi- 
nated in any satisfactory conclusions, we are brought to one 
of the most brilliant periods of optical discovery. 

Discoveries ls2LdLC Newton, when only twenty- 

of Hewton, three years of age, bought three prisms ; but he does not 
born 1642, seem to have made any particular experiments with them, 
died 1727. In 1666, however, he bought another, with which he pro- 
posed to repeat Grimaldi’s experiment on the elongation of 
the sun’s image produced by the prism. In the course of 
this and the two or three subsequent years, he made and 
perfected his great discovery of the different r^rangihility 
of lights which he communicated to the Royal Society on 
the 6th of February 1672, having, on the 18th of January, 
announced it as “ the oddest if not the most considerable 
detection which hath hitherto been made in the operations 
of nature.” Having found that refraction could not be pro- 
duced without colour, he was led to direct his attention to 
the perfection of the reflecting telescope, and produced the 
instruments which we have already mentioned. Another 
result of this discovery was the completion of the theory 
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of the rainbow, the origin of the colours of which had 
hitherto perplexed philosophers. 

The next optical discovery made by Sir Isaac Newton 
related to the colours of thin plates^ or of thin transparent 
bodies, such as the soap bubble. We have already seen 
that Dr Hooke had made some progress both in observing 
the phenomena and in investigating the cause of such 
colours ; but it is to Newton that we owe an elaborate 
analysis of the subject. In a letter from Sir Isaac to Dr 
Hooke, dated 5th February 1676, he acknowledges that 
the latter had previously observed the dilatation of the 
coloured rays by the obliquation of the eye, and the op- 
position of a black spot at the contact of two convex glasses, 
and at the top of a water bubble ” (soap bubble). In the 
course of his experiments on thin plates Newton was led 
to the discovery of the colours of thick plates ; and he de- 
vised a theory for explaining both classes of phenomena, 
known by the name of the theory of fits of easy reflection 
and transmission. This theory, remarkable for its inge- 
nuity, is now no longer an expression of the phenomena, and 
has given way to the theory of undulations, which Hooke 
had the sagacity to anticipate as affording the true cause of’ 
the colours of thin plates. 

Early in 1676 Newton communicated to the Royal So- 
ciety his Theory of the Colours of Natural Bodies^ in which 
he ascribes all tlie varieties of colour exhibited in nature to 
the circumstance “ that the transparent parts of bodies, ac- 
cording to their several sizes, reflect rays of one colour and 
transmit those of another, on the same grounds that thin 
plates or bubbles do reflect or transmit those rays.” 

Sir Isaac Newton’s experiments on the inflection of light 
were never finished by their author. His observations were 
limited, and his theory incorrect ; and indeed it was only 
from the hands of those who adopted the undulatory system 
that a true explanation of the phenomena could be ex- 
pected. 

The experiments of our author on the refractive powers 
of bodies, from which he anticipated that the diamond “was 
probably an unctuous substance coagulated,” have on this 
account been regarded with high favour ; while his few ob- 
servations on the double refraction and polarization of light 
have almost disappeared from the history of optics.^ 

The next great step in the history of optical discovery Achroma- 
is the invention of achromatic telescopes^ or telescopes tic tele- 
which are free from colour. When Sir Isaac Newton found scope, 
that he could not produce refraction without colour, he 
abandoned the improvement of the refracting telescope as 
hopeless, and devoted himself to the construction of re^ 

Hectors. The opinion at which he had arrived respecting 
the impracticability of refracting light without colour was, 
however, an erroneous one, which he had deduced from an 
incorrect observation of the relative length of the prismatic 
spectra formed by different bodies when the mean refraction 
was the same. In less than two years after Newton’s death — 
namely, in 1 729 — Mr Chester More Hall, of More Hall in Mr More 
Essex, was led by the study of the human eye, which he Hall, 
erroneously conceived to be achromatic, to consider the 
possibility of constructing a telescope by an analogous com- 
bination of media. After many experiments, he found two 
kinds of glass capable of producing, by their combination, 
refraction without colour.® About 1733 he completed 
several such object-glasses, which, with a focal length of 
20 inches, bore an aperture of more than 2J inches, one of 


^ Wa must refer our readers, for a full and elaborate account of ISTewton’s optical discoveries, to Brewster’s Memoirs of the Life, Writ- 
ings, and Discoveries of Sir Isaac Newton, vol. i. 

® Mr Hall might have got this hint from David G-regory’s Catoptrics, published at Edinburgh in 1713. “ But if,” says he, “ on account 
difficulties in grinding and polishing proper specula, we should, still use lenses, it would perhaps be useful to employ media of 
cwjerent density to compose the object-glass, as we see done by nature in the structure of the eye, where the crystalline humour (of almost 
the same refractive power as glass), is joined by natun*, who does nothing in vain, with the aqueous and vitreous humours (not unlike 
water m their refractive power), to paint the image as distinctly as possible in the bottom of the eye.” (Gregory’s Catoptrics, prop, 
xziv,, scholium.) Dr Brown’s translation of the preceding passage is very incorrect. 
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History, which was long afterwards in the possession of the Rev. 

^ / Mr Smith, of Charlotte Street, Rathbone Place, and was 

found to be achromatic. Another of Mr Halfs telescopes 
was in the possession of Mr Ayscough, optician in Ludgate 
Hill, in 1754. Mr Hall, however, kept his invention a 
secret ; none of his instruments were either sold or exhi- 
bited for sale, and those into whose hands they fell do not 
seem to have discovered either their principle or their value. 
Dollond. Without calling in question the merits of Mr Hall, we 
a.d. 1757. do justice to those of Mr John Dollond, an undoubted 
inventor of the achromatic telescope, who, unacquainted 
with the instruments of Mr Hall, proceeded step by step 
till, in 1757, he invented and constructed the achromatic 
telescope. To this eminent individual, and the other mem- 
bers of his family, we owe the construction of many of the 
finest instruments by which the science of astronomy has 
been so much promoted, Mr Peter Dollond, the son of 
John Dollond, first suggested and used the triple object- 
glass, in which a better correction of the spherical aberra- 
tion was effected, by placing the concave flint glass between 
two convex lenses of crown glass. 

The mathematical world owe many obligations to Euler, 
Clairaut, D’Alembert, and Boscovich, for their able inves- 
tigations of the theory of achromatism, but their investiga- 
tions did not prove of any practical value ; and it has been 
justly stated by Sir John Herschel, “ that from all the ab- 
struse researches of Clairaut, Euler, and D’Alembert, and 
other celebrated geometers, nothing hitherto has resulted 
beyond a mass of complicated formulas, which, though con- 
fessedly exact in theory, have never yet been made the 
basis of construction for a single good instrument, and re- 
mains therefore totally inapplicable, or at least unapplied in 
practice.”^ 

Photo- No attempt had hitherto been made to measure the in- 
metry. tensity of different lights emanating either directly from 
luminous bodies, or when transmitted through or reflected 
from different bodies. This subject, to which the name of 
Photometry has been given, was begun by Huygens and 
P. F. Marie, who describes an instrument called a 
meter; but it is to M. Bouguer and M. Lambert that we owe 
the most scientific and complete investigation of this class 
of facts. 

Bouguer, Bouguer’s earliest experiments were published in 1729, 
born 1698, in his Optical Essay on the Gradation of Light, which 
died 1758. ^as republished in 1760, much augmented and improved, 
under the title of Traite d^Optique sur la Gradation de la 
Lumiere. 

Lambert, Bouguer was followed in this inquiry by M. Lambert, an 
born 1728, able German mathematician, who published an account of 
died 1777. jjjg researches at Augsburg in 1760, in a duodecimo volume 
of 547 pages, entitled Photometria seu de Mensura et Gra- 
dihns Luminis, colorum et umhrce. It is divided into seven 
parts: — 1. On the modifications and degrees of direct light, 
and of its brightness and illuminating power ; 2. Experi- 
ments and calculations on the modifications of light depend- 
ing on transparent bodies, but chiefly glass ; 3. Experiments 
and calculations respecting the modifications of light de- 
pending on the opacity of bodies; 4. Calculations and expe- 
riments on the sense of light, and its apparent brightness ; 
5. On the dispersion of light passing through diaphanous me- 
dia, chiefly the earth’s atmosphere ; 6. Calculations respect- 
ing the illumination of the planetary system ; and 7. On 
the modifications and degrees of heterogeneous and relative 
light, or the light of colours and shadow. 

Sir Wil- Passing over the minor labours of Porterfield, Turner, 
liam Her- Mazeas, Dutour, Biiffbn, Scheiffer, Darwin, Melvill, Mit- 
others, we come to the period of Sir William 
I 822 ! Herschel. Since the discovery of the belts and nearest sa- 
tellites of Saturn, no discovery of any importance had been 


made respecting the natural history of the heavens. At the History, 
age of thirty-six, when Sir William was residing at Bath, he ^ 

devoted much of his time to the construction of telescopes ; 
and the following account of his progress is too interesting 
to be given in any other language than his own, — When 
I resided,” says he, at Bath, I had long been acquainted 
with the theory of optics and mechanism, and wanted only 
that experience which is so necessary in the practical part of 
these sciences. This I acquired by degrees at that place, 
where, in my leisure hours, by way of amusement, I made 
for myself several 2-feet, 5-feet, 7-feet, 10- feet, and 20-feet 
Newtonian telescopes, besides others of the Gregorian form, 
of 8-inches, 12-inches, 2-feet, 3-feet, 5-feet, and 10-feet, 
focal length. My way of doing these instruments at that 
time, when the direct method of giving the figure of any 
one of the conic sections to specula was still unknown to 
me, was to have many mirrors of each sort cast, and to 
finish them all as well as I could, then to select by trial the 
best of them, which I preserved ; the rest were put by to 
be repolished. In this manner I made no less than two 
hundred 7-feet, one hundred and fifty 10-feet, and about 
eighty 20-feet, not to mention those of the Gregorian form, 
or of the construction of Dr Smith’s reflecting microscope, 
of which I also made a great number. My mechanical 
amusements went hand in hand with the optical ones. 

The number of stands I invented for these telescopes it 
would not be easy to assign. I contrived and delineated 
them of different forms, and executed the most promising 
of the designs. To these labours we owe my 7-feet New- 
tonian telescope stand, which was brought to its present 
convenient construction about 1778.” 

By means of these instruments, with which he surveyed the 
heavens with unwearied diligence, he discovered the planet 
Uranus, with six satellites, two new satellites circulating 
round Saturn, the quintuple belt and double ring of the same 
planet, and various other astronomical phenomena of the 
highest interest. In 1783 he finished a 20-feet reflector, 
with an aperture of 18-j^ inches, and formed the design of 
constructing a still larger instrument. On the recommenda- 
tion of Sir Joseph Banks, his Majesty George III. agreed 
to defray the expense of a large telescope, and under his 
munificent patronage, which has never since been imitated 
by his successors, Sir Williambegan in 1785, and completed, 
on the 27th August 1789, a reflecting telescope 40 feet in 
focal length, having its great speculum four feet in breadth, 

3^ inches thick, and weighing, when newly cast, 2118 lb. 

On the 28th of August, the day after this gigantic instru- 
ment was erected, Sir William discovered a new satellite^ 
of Saturn, and in the same year another satellite, both of 
which were nearer the body of the planet than the other 
five discovered by Huygens and Cassini. In this manner 
the telescope, which was a toy in the hands of Galileo, 
became with Sir William Herschel a vast machine, carrying 
the observer himself, and directed and moved by appropriate 
mechanism. 

An improvement in the achromatic telescope, of great Dr Blair, 
value, though not yet brought into practical use, was made 1787, 
by Dr Robert Blair. Although in the achromatic telescope 
composed of crown and flint glass, the colour was as com- 
pletely corrected as it was possible to do with such lenses, 
yet it had long been observed that there were residual 
colours, which formed what are called a secondary spectrum, 
and which arise from the coloured spaces in the spectrum, 
produced by crown glass not having the same size as those 
in a spectrum of equal length produced by flint glass. Va- 
rious attempts had been made in vain to obtain other sub- 
stances, in which this irrationality, as it was called, of the 
coloured spaces did not exist ; and Dr Blair was hence led 
to attempt the removal of the secondary spectrum by other 


1 PM. ZVan«., 1821, p. 222, 
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History, means. The plan which he adopted was the following ; — He 
made each lens of his compound object-glass achromatic, 
but in such a way that the secondary spectrum produced by 
the one should be corrected by the secondary spectrum pro- 
duced by the other. Such an object-glass required two fluid 
media and three lenses of glass, and Dr Blair succeeded in 
constructing them so as to be perfectly free from all second- 
ary colour. In the course of his experiments, however, he 
was fortunate enough to discover that the muriatic acid 
mixed in proper proportions with metallic antimony, or but- 
ter of antimony, as it was called, gave a spectrum in 
which the colours had exactly the same proportion as crown 
glass ; and hence, by inclosing this fluid between two lenses 
of crown glass, the one next the object being plano-convex 
and the other a meniscus, he obtained an object-glass in 
which the rays of different colours were bent from their 
rectilineal course with the same equality and regularity as in 
reflections. To such an object-glass he proposed to give 
the name of aplanatic^ to indicate the entire removal of all 
aberration. Dr Robison informs us that one of these tele- 
scopes, which did not exceed ff teen inches in length, equalled 
in all respects, if it did not surpass, the best of Dollond’s 
achromatic telescopes/o/’ify-^ 2 ^o inches long. After the death 
of Dr Blair, his son, Mr Archibald Blair, attempted in vain 
to produce instruments of the same perfection. Had this 
young man lived, he might have executed something bet- 
ter, but he w^as cut off* at an early age, and has left to the 
Royal Society of Edinburgh an account of his father’s me- 
thods, which we hope may prove useful to science. 

Dr Thomas Hitherto the undulatory theory of light, as proposed by 
boriTlTTS supported by Hooke and Euler, had met with 

diS 1829 * adherents ; and the reputation of Newton had given to 
the theory of emission an adventitious authority to which it 
was not entitled. Dr Young, how^ever, boldly threw down 
the gauntlet, and maintained the theory of Huygens with the 
greatest ingenuity and talent. In his paper of 1800, entitled 
Outlines of Experiments and Observations on Sound and 
Lights he shows that light has a strong analogy with sound, 
and that it is produced by the undulation of a highly elas- 
tic ethereal medium which pervades all nature. In another 
paper, which he published in 1801, On the Theory of Light 
and Colours^ he applies the theory of undulations to the ex- 
planation of natural phenomena ; and lays down the follow- 
ing hypotheses: — 1. That a luminiferous ether pervades the 
universe, rare and elastic in a high degree. 2. That undu- 
lations are excited in this ether whenever a body becomes 
luminous. 3. That the sensation of different colours depends 
on the different frequency of vibrations excited by light in 
the retina ; and, 4th, That all material bodies are to be con- 
sidered, with respect to the phenomena of light, as consist- 
ing of particles so remote from each other as to allow the 
ethereal medium to pervade them with perfect freedom, and 
either to retain it in .a state of greater density and of equal 
elasticity, or to constitute, together with the medium, an 
aggregate which maybe considered as denser but not more 
elastic. He then proceeds to demonstrate in nine propo- 
sitions some of the leading truths in the theory, applying 
them in corollaries to the colour of striated surfaces, the 
colours of thin plates, the colours of thick plates, and the 
colours produced by inflection. In 1802 Dr Young pub- 
lished An Account of some Causes of the Production of 
Colours not hitherto observed. The cases described in this 
paper are the colours of delicate fibres and of mixed plates. 
The first he explains by the interference of two portions of 
light, one reflected from the fibre and the other bending 
round its opposite side, and at last coinciding nearly in di- 
rection with the former portion. The colours of mixed 
plates are those produced when moisture, butter, or tallow, 
are placed between two plates of glass, so that portions of air 


are intermixed with these substances. A candle seen through History, 
such a medium is surrounded with a sort of halo, and Dr 
Young considers the colours as produced by the light which 
passes through one of the media moving wdth greater velo- 
city so as to anticipate the light which comes more slowly 
through the other. 

In 1803 Dr Young published what may be considered 
as his principal paper, entitled Experiments and Calcula- 
tions relating to Physical Optics, in which he has given 
an experimental demonstration of the general law of inter- 
ference. By intercepting the rays which passed on one 
side of a body which formed fringes by reflection, the fringes 
disappeared, whether the interception was made on one side 
or the other of the body. This admirable experiment estab- 
lished tlie truth of his law of interference, and paved the 
way for those splendid generalizations respecting the undu- 
latory theory which have so widely enlarged the boundaries 
of optics. 

In April 1814, in a review of Malus’, Biot’s, and Brews- 
ter’s on Eighty which Young contributed to the 

Quarterly Review, he first published his explanation of the 
colours of crystallized plates exposed to polarized light by 
the law of interference, an explanation which is now uni- 
versally admitted. In the article on Chromatics, which Dr 
Young contributed to this work, the reader will find a lull 
account of the discoveries to which the law of interference 
has been so successfully applied. One of the most import- 
ant applications of the undulatory theory was published in 
that article for the first time. Dr Young has there given 
an expression of the velocity of reflected light at a perpen- 
dicular incidence from bodies of various refractive powers, 
which is a simple function of the index of refraction.^ 

In giving an account of Sir William Herschel’s dis- 
coveries, we have not mentioned his discovery of invisible 
heating rays beyond the red extremity of the spectrum, be- 
cause we have ourselves succeeded in discovering that lu- 
minous rays exist at that part of the spectrum. In re- 
pealing Sir W. Herschel’s experiments, M. Ritter of Jena Ritter, 
placed muriate of silver in different parts of the spectrum, a.d. 180 L 
and found that it soon became black beyond the violet ex- 
tremity, less black in the violet rays, becoming still less 
black in the blue and green, and so on till the blackness 
vanished. When he used muriate of silver, slightly black- 
ened or disoxygenated, its white or original colour was partly 
retained by the red, and still more by the supposed invisible 
rays beyond it. In these experiments of Ritter’s, as well 
as in those of Sir W, Herschel, the solar spectrum, when 
seen by the eye, as thrown upon paper, is extremely short. 

A great part of the violet extremity as well as the red 
extremity is invisible, so that when the thermometer and 
the muriate of silver seemed to be wholly out of the spec- 
trum, they were completely within the violet and the red 
spaces, as w^e have placed beyond a doubt by comparing 
the length of a spectrum on paper with that which can be 
rendered visible by directly looking through a telescope at 
a highly magnified one. 

Without knowing of the experiments of Ritter, Dr Wol- Wol- 
laston discovered the chemical effects which exist at the 
violet end of the spectrum ; but the merit of this experi- 
ment decidedly belongs to Scheele, who discovered that 
muriate of silver was more blackened in the violet rays than 
in any other part of the spectrum. The principal discovery 
in optics which we owe to Dr Wollaston, is his method of 
observing the spectrum, and his discovery of five fixed lines 
in it. The following is his own description of it : — “ I can- 
not conclude these observations on dispersion without re- 
marking that the colours into which a beam of white light 
is separable by refraction, appear to me to be neither seven, 
as they usually are seen in the rainbow, nor reducible by 


^ See Dr Peacock’s Lift of Dr Thomas Tmng, chaps, vi. and xU., Load, 1856. 



OPTICS. 


537 


History, any means (that I can find) to three, as some persons have 
conceived ; but that, by employing a very narrow pencil of 
light, four primary divisions of the prismatic spectrum may 
be seen with a degree of distinctness that, I believe, has 
not been described nor observed before. 

‘‘ If a beam of day-light be admitted into a dark room by 
a crevice -^th of an inch broad, and received by the eye at 
a distance of 10 or 12 feet, through a prism of flint glass 
from veins^ held near the eye, the beam is seen to be sepa- 
rated into the four following colours only, red, yellowish- 
green, blue, and violet ; in the proportion represented in 
the figure. 

‘‘ The line A that bounds the red side of the spectrum is 
somewhat confused, which seems in part owing to the want 
of power in the eye to converge red light. The line B, 
between red and green, in a certain position of the prism, 
is perfectly distinct ; so also are D and E, the two limits of 
violet. But C, the limit of green and blue, is not so clearly 
marked as the red ; and there are also, on each side of this 
limit, other distinct dark lines,/ and either of which, in an 
imperfect experiment, might be mistaken for the boundary 
of these colours. 

“ The position of the prism in which the colours are most 
clearly divided is when the incident light makes about equal 
angles with two of its sides. I thus found that the spaces 
AB, BC, CD, DE, occupied by them, were nearly as the 
numbers 16, 23, 36, 25. 

“ Since the proportions of these colours to each other 
have been supposed by Dr Blair to vary according to the 
medium by which they are produced, I have compared 
with this appearance the coloured images caused by pris- 
matic vessels, containing substances supposed by him to 
differ most in this respect, such as strong but colourless nit- 
ric acid, rectified oil of turpentine, very pale oil of sassafras, 
and Canada balsam also nearly colourless. With each of 
these I have found the same arrangement of the four colours, 
and, in similar positions of the prisms, as nearly as I could 
judge, the same proportions of them.^ 

“ But, when the inclination of any prism is altered so as 
to increase the dispersion of the colours, the proportions of 
them to each other are thus also changed, so that the spaces 
AC and CE, instead of being as before 39 and 61, may be 
found altered as far as 42 and 58.’’ These interesting 
observations are appended to his Method of examining 
Refractive and Dispersive Powers hy Prismatic Reflection, 
which was published in the PhiL Trans, for 1 802. 

In the year 1800, Dr Wollaston published in the PAf- 
losophical Transactions some curious experiments and 
observations On Double Images caused by Atmospherical 
Refraction} and in the same work for 1802, he communi- 
cated a series of measures On the Oblique Refraction of 
Iceland Crystal in different planes, which he found, as the 
measures taien by Huygens had done before, to agree in a 
remarkable manner with the beautiful law established by 
the Dutch philosopher. 

These researches of Dr Wollaston, but particularly the 
discoveries of Dr Young, had about this time drawn the 
attention of the philosophers of France to the subject of 
double refraction. Laplace had considered the deviation 
of the extraordinary ray as due to the action of the attract- 
ive and repulsive forces by which Newton and his succes- 
sors had endeavoured to explain the ordinary refraction and 
reflection of light ; and the French Academy of Sciences 
vvas thus led in 1808 to propose the double refraction of 
light as the subject of a prize to be adjudged in 1810. 
Among the few memoirs which were sent in competition 
Malus, for this prize, that of E. L. Malus, colonel of the imperial 
born 1775, corps of engineers, was the successful one. After his 
died 1812. I 


return from the expedition to Egypt, he had composed his History. 
Traite d^Optique, a work of great merit; but as soon as 
the subject of double refraction was announced, he devoted Discoveries 
himself to the inquiry with equal ardour and success, of Malus. 
Residing in the Rue des Enfers, in Paris, he happened to 
view, through a doubly refracting prism, the windows of the 
palace of the Luxembourg, which were then reflecting to 
his eye the rays of the setting sun, and on happening to 
turn round the prism, he was surprised to perceive that one 
of the two images of each window vanished in every quad- 
rant of the rotation of the prism. In pursuing this remark- 
able experiment, he was conducted to the splendid discovery 
which forms an epoch in the history of optics, that when a 
pencil of light is reflected hy a swface of glass at an angle 
of 54° 35', or of water at an angle of 52° 45', the reflected 


by double refraction. Hence the pencil was said to be 
polarized by reflection. When a pencil thus reflected was 
made to fall on another surface of the same kind at the 
same angle, but so that the plane of the second reflection 
was at right angles to the plane of the first, then not a 
single ray of the light suffered reflection, the whole pencil 
suffering refraction only. When the light fell upon a plate 
of glass, the light reflected from the second surface acquired 
the same property. 

On the 11th of March 1811, Malus announced to the 
Academy of Sciences, that when a pencil of light was thus 
polarized by reflection, the light which was at the same 
time transmitted through the surface consisted of a portion 
of light polarized in an opposite direction, and proportional 
to that which was reflected, and of another portion not 
modified, which preserves the properties of direct light. 

This last portion becomes less and less by transmitting the 
ray through a number of plates in succession till the trans- 
mitted pencil is wholly polarized in one direction. 

Malus likewise made several experiments on the polariz- 
ation of light by metals, and he was led to the conclusion 
that the difference between transparent and metallic bodies 
was, that the former refract all the light polarized in one 
direction, and reflect all that is polarized in the other, while 
metallic bodies reflect what they polarize in both directions. 

In a series of experiments on crystals and organized sub- 
stances, communicated to the Academy on the 19th August 
1811, Malus found that they all depolarized a pencil of 
polarized light ; that is, a pencil of polarized light which 
refused to be reflected by another surface properly placed, 
recovered its power of being reflected after being trans- 
mitted through certain crystals and organized substances. All 
crystals which did not crystallize in the form of the cube or 
the regular octahedron, were found to possess the property 
of depolarization ; and the organized substances which he 
found to possess the same property, were the transparent 
and fibrous portions of leaves and flowers, the pellicles 
which cover the hazel, silken, and woollen fibres, white 
hairs, scales, horn, ivory, feathers, the skins of quadrupeds 
and fishes, shells, and the whiskers of a whale. Malus in- 
tended to prosecute this subject to a greater extent, but 
his brilliant career of discovery terminated by his death on 
the 7th February 1812. 

The loss of Malus, great as it was felt to be, was imme- 
diately supplied by his distinguished colleague in the Insti- 
tute, M. Arago, who has added to this and other depart- 
ments of science so many brilliant discoveries. On the 1786, died 
11th of August 1811, before the death of Malus, M. Arago 1863. 
communicated to the Institute a memoir On a particular 
modification which the luminous rays experience in their 
passage through certain transparent bodies.”* Upon ex- 
posing thin plates of sulphate of lime, mica, and rock-crys- 


^ The observations in this paragraph are quite incorrect, 
the reach of doubt. 


Dr Blair’s results, to which they stand opposed, have been placed beyond 
* Memoires de Vlnstitut, 1811, part i., pp. 93-134. 
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History, tal, to polarized light, and subsequently analyzing the light 
which they transmitted by a prism of calcareous spar, M. 
Discoveries Arago observed the most splendid complementary colours 
of Arago. changing with every variation in the inclination of the plate. 

When the light was incident perpendicularly, and the plate 
turned round in its own plane, the colours were in all posi- 
tions the same, though they varied in intensity. He found 
two positions, at right angles to each other, in which the 
crystal gave no colour ; and these positions were those in 
which the principal section of the crystal was perpendicular 
to, or coincident with, the plane of primitive polarization. 
Setting out from these positions, the intensity of the ray 
gradually increased, and became a maximum at an angle of 
45° to that plane. When the crystallized plate was fixed, 
and the analyzing plate turned round so as to vary the in- 
clination of the plane of reflection from it, to that of the 
fixed plate which polarized the light primitively, the change 
in the colours was most beautiful. M. Arago observed that 
the colour reflected in any one position of the analyzing 
plate was complementary to the colour reflected in the per- 
pendicular position. He also found that the power of 
depolarizing the different colours diminished with the 
thickness of the plate, and he reduced mica to such a 
degree of thinness that it depolarized no colours at all. 
In studying the same phenomena in sulphate of lime and 
,rock crystal, M. Arago was led to the conclusion that the 
colours depended on some other cause than that of the 
thinness of the plate. M. Arago likewise discovered the 
depolarizing property in a piece of flint glass, about three 
quarters of an inch in thickness. 

We owe also to M. Arago the discovery ot circular 
polarization in quartz, which he made in 1811. By trans- 
mitting polarized light along the axis of the prism, he ob- 
served the tints to be different in their nature from the 
ordinary tints of the mineral, although they increased and 
diminished with the thickness of the plate. When analyzed 
with a prism of Iceland spar, he observed that the true 
images had complementary colours as in the ordinary tints, 
and that the colours changed, descending in Newton’s scale 
as the prisnd was turned round, so that if the colour of the 
extraordinary image it became in succession orange^ 

yellow^ green^ and violet; and hence he dz'ew the import- 
ant inference that the differently coloured rays had been 
polarized in different planes in passing along the axis of the 
crystal. M. Arago’s duties in the observatory prevented 
him from pursuing these valuable discoveries with that con- 
tinuity of labour which they demanded. 

A very important discovery was made by M. Arago 
respecting the colours of thin plates.^ When the rings 
of thin plates in common light were examined through 
a rhbmb of Iceland spar, M. Arago discovered that 
when the principal section of the rhomb was parallel 
and perpendicular to the plane of incidence, the in- 
tensity of the light in one of the images varied with 
the incidence, and that this image vanished altogether 
when the pencil of light was inclined 35° to the surface, or 
when it was incident at the maximum polarizing angle. 
This result was the same, whether he examined the re- 
flected or the transmitted rings. Hence he inferred that 
the light of both the systems of rings was polarized in the 
plane of incidence, at the polarizing angle for glass. M, 
Arago has likewise shown that the colours of the reflected 
and transmitted rings are complementary, and that their in- 
tensities are exactly equal, completely neutralizing each 
^her, or forming white light when they are superposed. 
The most interesting experiment, however, made by M. 
Arago, is that in which he examined the rings when a con- 
vex lens was pressed upon a metallic reflector. When 
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viewed with a prism of Iceland spar, as before, one of the History, 
two images vanished at the maximum polarizing angle of 
the glass, but the phenomena were different above and below Discoveries 
this angle. At less angles the dimensions and the colours of Arago. 
of the rings were the same in both images, which differed 
only in the quantity of their light ; but at greater angles 
the rings in the two images had their colours complemen- 
tary, the one beginning from a white centre, and the other 
from a black one. 

We have already seen that Dr Young first applied the 
principle of interference to explain the colours of crystal- 
lized plates ; but he did not explain why these colours are 
not produced excepting with polarized light. MM. Arago 
and Fresnel entered upon this inquiry, and obtained a satis- 
factory solution of the difficulty. They found that two rays 
of light polarized in the same plane produced fringes by 
their interference as in common light ; that no interference 
at all takes place when these planes are at right angles to 
each other; and that at an intermediate inclination the 
interference is diminished, and the fringes decrease in in- 
tensity. In following out these interesting results, they 
found that two oppositely polarized pencils will not inter- 
fere even when their planes are made to coincide, unless 
they belong to a pencil which had been wholly polarized in 
one plane. 

We owe also to M. Arago the beautiful discovery that 
the quantity of polarized ligl>t in the reflected and trans* 
mitted pencils of common plates are exactly equal. 

We are indebted likewise to M. Arago for some import- 
ant results respecting the interference of light. We have 
already seen that the interior fringes formed by diffraction 
disappear when the light which passes by one side of the 
inflecting body is stopped. M. Arago observed that these 
fringes were displaced by making the same light pass 
through a thin plate of some transparent substance, and . 
that the bands were always shifted to the side on which the 
plate was- placed. The amount of this displacement deter- 
mines the velocity of light in the interposed medium, and 
consequently gives us a measure of the refractive power of 
that body with the highest degree of accuracy. 

In conjunction with M. Biot, M. Arago published a valu- 
able series of experiments on the density and refractive • 
power of nine gaseous bodies measured in relation to atmo- 
spheric air taken as unity. Hydrogen stood at the head of 
the table, with a refractive index equal to 6*61436 (or 
7*0335 if we use the density given by Berzelius), whilst 
oxygen stood at the foot of the table, with a refractive index 
of 0*861 6. 

The polarization of the light of the clouds and the blue 
sky had been noticed by Malus, Arago, and Sir David 
Brewster, but M. Arago was the first to study it with a 
polarimeter of his invention. He found that the polariza- 
tion was intense towards the zenith, and increased to the 
distance of 90° from the sun, after which it diminished to 
the distance of 150°, where it became invisible when this 
last point was at some height above the horizon. That is, 
the point of the polarization to which he gives the name of 
the Neutral pointy is situated 30° above the point opposite 
the sun. 

By means of the polariscope, Arago found that the light 
of the moon and the tails of comets were slightly polarized. 

He found also that the light issuing obliquely from the sun’s 
surface is not polarized ; and therefore that the sun’s light 
does not proceed from an incandescent mass,^ but from a 
gaseous envelope of flame. 

Among the most successful cultivators of physical optics, M. Biot, 
M. Biot holds a distinguished place. His attention was 1774. 
first directed to the colours of crystalline plates discovered 


2 tom. iii., Sup Igs Couleurs des I/ames Minces.” 

He hdd previously found that the light emanating obliquely from a red-hot metallic plate was polarized. 
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History, by M. Arago, and by nice instruments and indefatigable 
labour he determined the general laws of the phenomenon 
Discoveries in reference to the thickness of the plates, and the compo- 
of Biot. sition of the tints as observed in sulphate of lime and rock- 

crystal, calcareous spar, and arragonite. He observed that 
at "a perpendicular incidence the two colours correspond to 
those seen by reflection and transmission in thin plates of 
air, and he concluded that the thicknesses at which these 
colours were developed, were proportional to the thickness 
of the plate of air which gave the same tint in Newton's 
scale. These thicknesses were found to vary with the 
nature of the crystal, and were always much greater than 
the thicknesses of thin plates which gave the same tints. 
He had at first supposed that at oblique incidences the 
changes of colour followed the same law as in thin plates, 
but he afterwards found that the tint depended on the 
thickness of the crystal traversed by the refracted ray, and 
varied as the square of the sine of the angle which the direction 
of the ray formed with the optic axis. In these experiments 
M. Biot considered arragonite, sulphate of lime, topaz, and 
mica, as all having one axis of double refraction like cal- 
careous spar. 

In order to explain these various phenomena, M. Biot 
communicated to the Institute in 1812^ his ingenious but 
now exploded theory of Moveable Polarization, In this 
theory the particles of a polarized ray are supposed to pre- 
serve their primitive polarization till they reach a certain 
depth in the crystal, when a succession of isochronous 
oscillations round their centre of gravity take place, the 
axes of polarization being carried alternately to each side of 
the axis of the crystal. The depth through which the 
particle is carried during each of these oscillations, is 
assumed to be twice the depth through which it has passed 
before the oscillations began. When the ray emerges from 
the crystalline plate, the oscillations are supposed to stop, 
and the ray assumes a fixed polarization (in which the 
axes of the particles are arranged in two rectangular direc- 
tions), as if the last oscillation had been completed when it 
quitted the plate. 

The remarkable colours discovered by M. Arago along 
the axis of quartz, were carefully studied by M. Biot, and 
he and M. Seebeck, nearly about the same time, observed 
the existence of the very same colours in several essential 
oils and solutions, such as oil of turpentine, oil of laurel, oil 
of lemons, syrup of sugar, the two first turning the planes 
of polarization from right to left, and the two last from left 
to right. In a memoir laid before the Institute in 1818, 
M. Biot shows that the angular rotation of the plane of 
polarization is directly proportional to the thickness of the 
plate, and inversely to the square of the length of the fits 
as given by Newton. He then concludes that this property 
of turning the particles of light round their centres of 
gravity resides in the ultimate particles of solid or fluid 
bodies, that it is necessary to their very existence, and that 
it is entirely independent of their mutual distances and 
mode of aggregation. 

M. Biot afterwards resumed this subject, and extended 
his researches to a great variety of substances ; and he has 
still more recently employed circular polarization in detect- 
ing the constituents of particular vegetable substances 
where chemical analysis had partly or wholly failed. He 
has shown that the soluble portion of plants, or the farina- 
ceous matter of grain and roots, to which he has given the 
name of dextrine^ and which M. Kaspail had considered to 
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be of the nature of gum, turns the planes of polarization History, 
more powerfully to the right (hence the name dextrin^ 
than the syrups of cane sugar ; and that all the gums^ and Discoveries 
the syrups of the sugar of grapes^ turn the planes of polari- of Biot, 
zation to the left. M. Biot has also applied the same method 
of research in ascertaining the changes which take place in 
the sap of trees, and in analyzing the processes of vegeta- 
tion which are concerned in the growth of wheat and rye. 

His researches are of great practical value in an agricul- 
tural point of view, and ought to impress on those whom it 
most concerns, the important truth, that the most recondite 
discoveries in science will sooner or later find a useful 
application. 

One of the most important discoveries made by M. Biot 
was the true nature of the double refraction and polarization 
in quartz, which Huygens had been unable to develop. 

M. Biot found that it differed from that of calcareous spar, 
in having the phenomena regulated by 2 ^, prolate in place 
of an oblate spheroid, the least refracted image being the 
ordinary ray in quartz, and the extraordinary one in Ice- 
land spar. 

In 1840 M. Biot communicated to the Academy of 
Sciences an interesting memoir on Lamellar Polarization^ 
which he considers as essentially different from molecular 
polarization ; and by means of which he endeavours, but 
not at all successfully, to explain the remarkable pheno- 
mena discovered by Sir David Brewster in apophyllite, 
analcime, and other minerals. In the case of apophyllite, 
he conceives that it has a positive molecular axis of double 
refraction coincident with the axis of the primitive prism, 
with two orders of lamellar systems, one perpendicular to 
the axis, and existing always with unequal degrees of in- 
tensity ; and the other occasional, and composed of laminae, 
which may be directed obliquely to this axis with all de- 
grees of inclination, even till it becomes parallel to it.”^ 

Whilst these researches were carrying on in France, Sir Sir David 
David Brewster was occupied with the same subject in Brewster. 
Scotland. In his Treatise on New Philosophical Instru- 
ments^ published in the beginning of 1813, he has shown 
that chromate of lead and realgar exceed the diamond® in 
refractive power ; that diamond, phosphorus, and sulphur 
have their high refractive powers in the order of their in- 
flammabilities 5 that fluor spar and cryolite have their refrac- 
tive powers below all solid substances (excepting tabasheer\ 
and lower dispersive powers than all other bodies ; and that 
all doubly refracting crystals have a double dispersive power. 

He showed that oil of cassia had the least, and sulphuric 
acid the greatest action upon green light ; that a tertiary 
spectrum is formed when prisms of the same substance but 
(Afferent angles are made to correct the dispersion by the 
inclination of one of them ; and that achromatic combina- 
tions may be oftected by prisms and lenses of the same 
kind of glass. 

In the year 1812 he began to study the subject of the 
polarization of light, in consequence of having become ac- 
quainted with Malus’ celebrated discovery of the polariza- 
tion of light by reflection. He discovered the remarkable 
property of the agate, by which it gives only a single dis- 
tinct image polarized in one plane ; the property of depo- 
larization possessed by almost all minerals, and by many 
animal and vegetable substances the polarized colours 
produced by thin plates of mica and topaz; the partial 
polarization of light by polished metals and the complete 
polarization of the exterior and interior rainbows. 


1 Sur un nouveau genre Oscillation que Us Molecules de la Lumiere eprouvent en traversant certains cristaux, 

2 See Mtmoires de V Institute tom. ^cviii,, pp, 639-727 ; Abl)6 Moigno^s Repertoire d^Optique ’Moderne^ tom. i., p. 370 ; and Brewsteir s 
Optics f edit. 1853, pp. 279 and 346. 

® In all tables of refractive powers of solids and fluids, diamond stood at the head, and water and ice at the bottom. Our author, how- 
ever, placed various substances above diamond, and tdbasheer far below ice. . ^ JPhil. Trcms. 1815, p. 27, 

^ These discoveries were communicated to the Royal Society of Edinburgh, and owing to the state of communication between France 
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History. In the course of these inquiries our author discovered 
the two beautiful systems of elliptical coloured rings, which 
Discoveries we see by transmitting polarized light along the two optical 
of Brew- axes of topaz ; and in consequence of his using a conical in 
ster. place of a parallel beam of light in these experiments, he 
was led to observe the same system of rings, under diffa*ent 
modifications, in various other bodies. While examining 
the depolarizing effect of a plate of mica at an oblique in- 
cidence, he was Jed to the discovery of the polarization of 
light by oblique transmission through bundles of crystallized 
or un crystallized plates ; and though Malus had anticipated 
him in this discovery, yet he had determined the law of the 
phenomena, which had escaped the notice of that skilful 
observer. 

Hitherto no idea had been formed of the mechanical con- 
dition of bodies in which the polarizing and doubly refract- 
ing- structure were exhibited ; but in the years 1814 and 
1815, a new light was thrown upon the subject by three 
discoveries made by Sir David Brewster, namely, that the 
polarizing structure could be produced in glass by heat, 
and also by rapid cooling that Prince Rupert’s glass drops, 
formed by rapid cooling, possessed that structure and that 
by means of simple pressure^ that species of crystallization 
could he communicated to soft and indurated jellies^ which 
forms two apparently polarized images^ and exhibits the 
^ complementary colours by polarized light} 

Law of po- We have already seen that Malus considered the property 
larization of polarization by reflection as independent of the other 
by refl.ec- ^lodes of action which bodies exercise upon light. In order 
to investigate this subject, Sir David Brewster made an ex- 
tensive series of experiments to determine the angles of 
maximum polarization by reflection, from the surfaces of 
bodies, and from the separating surfaces of different media. 
After encountering many difficulties, he was led to the dis- 
covery of the very simple law, that the index of refraction is 
the tangent of the angle of polarization^ which is rigorously 
true for all separating surfaces, and for rays of all refrangi- 
bilities ; and hence we obtain an immediate explanation of 
the perplexing fact, that at the maximum polarizing angle 
the polarization of the ray is never complete. When this 
law is expressed geometrically, it informs us that when a 
ray of light is polarized by reflection, the reflected ray forms 
a right angle with the refracted ray ; that the sum of the 
angles of reflection and refraction is a right angle, or count- 
ing from the surface, that the angles of reflection and re- 
fraction are equal. In the same paper our author has shown 
that light may be completely polarized by two, three, or 
more reflections, at angles all above or all below, or partly 
above and partly below the angle of complete polarization ; 
a greater number of reflections being required, as the inci- 
dent ray approaches either to the refracting surface, or to a 
line perpendicular to it. In the same paper it is shown that 
every ray of light polarized by reflection has been acted upon 
by the refracting force, and that total reflection exercises an 
analogous action upon light with metallic surfaces. 

Influence The influence of heat in producing a transient polarizing 
of heat. structure in glass, led our author to an elaborate examina- 
tion of the subject in 1815.^ When the edge of a thick 
plate of glass is laid on a bar of hot iron, the heat gradually 
propagates itself along the plate, and its path is marked by 
the most beautiful fringes of polarized light ; but no sooner 
has the heat entered the plate of glass than similar fringes 
appear on its upper edge, where there is no heat at alL 
After a certain period the whole surface of the glass is 
covered with coloured fringes, which are arranged in two 
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similar polarizing structures at the edges, separated by two History, 
dark lines or axes from an opposite structure in the middle, 

When the glass is removed from the iron, the fringes gra- Discoveriea 
dually disappear, and are extinguished when the heat isof Brew- 
uniformly diffused over the glass. If the plate of glass is ster. 
made very hot in boiling oil, and is then allowed to cool 
with its edges against a plate of cold iron, it will exhibit in 
a fainter degree the fringes above described ; but they are 
now all reversed, the middle structure having the same 
character as the external structures had formerly, and vice 
versa> If, when a plate of glass is covered over with the 
polarized tints, it is suddenly c\it in two by a diamond in 
the direction of its length, the whole structure is instantly 
changed, and each piece has the same properties and struc- 
ture as the whole, exactly like a portion detached from the 
end of a magnet. The same properties he found in mu- 
riate of soda, fluor spar, obsidian, serai-opal, horn, tortoise- 
shell, and various animal and vegetable bodies. The tints 
thus developed by heat exhibit, by their being made to 
cross one another and by other modifications, a series of 
the most brilliant phenomena within the whole range of 
optics. 

In continuing these experiments, our author found that 
when the plate of glass, after being brought to a red heat, 
was allowed to cool quickly, it exhibited permanently the 
same coloured fringes, a discovery which had likewise been 
made by Dr Seebeck of Nuremberg. 

This paper is followed by another, published in the same Influenceof 
volume of the Transactions^^ on the communication of the P^^®ssure. 
structure of doubly refracting crystals to glass, muriate of 
soda, fluor spar, and other substances, by mechanical com-- 
pression and dilatation; and on the 17th November 1816, 
our author communicated to the Royal Society of Edin- 
burgh another paper, on the effects of compression anddila* 
tation in altering the polarizing structure of doubly re- 
fracting crystals} 

In 1816 he communicated to the Royal Society his ex- Optical^ 
periments on mother-of-pearl, explaining the origin of its 
fine superficial colours, and showing that they could be com- 
municated to wax, isinglass, the fusible metals, and even to ^ 
lead, by hard pressure. In 1815 he published a paper 07i Colours in 
the multiplication of images, and the colours which accom- calcareous 
pany them, in some specimens of calcareous spar} a sub- 
ject which had exercised the sagacity of Huygens, Benja- 
min Martin, Brougham, Robison, and Malus. The last of 
these philosophers ascribed the multiplication of the images 
to the interception of the pencils by fissures within the 
crystal, and the colours to the thin plate of air which it 
inclosed ; but Sir David Brewster discovered the true cause 
of the phenomena, and proved that there were no fissures 
nor plates of air ; that the multiplication of the images arise 
from one or more veins of calcareous spar, which divided 
the rhomb into prisms, so as to form composite crystals, 
having the axes of crystallization and of double refraction 
of the two contiguous crystals turned round 180°, so that 
each of the two pencils formed by double refraction are 
subdivided in passing from one crystal to the other. He 
has shown also that the colours are the polarized tints pro- 
duced by thin crystallized plates, these plates giving the 
regular system of coloured rings seen along the axis of cal- 
careous spar, the light being polarized by the first prism of 
spar, and anjalyzed by the last. Hence it follows that the 
polarized tints of crystals were seen and studied by Huy- 
gens and his successors, without having any idea of what 
they were. 


and England, neither the author nor any of the members of the Society were acquainted with the previous discovery of M. Arago of the 
colours of crystalline plates, or with those of Malus on depolarization and metallic polarization. 

1 mi. Tram, 1814, p. 1. a Xbidi, 3 i^id. 1815, p. 60. 

mi, Trans, 1816, p. 46, and Edinburgh Trans,, vol. viii., p. 383, where the phenomena are represented by formulae. 

Edin. Trans., vol. viii., p. 156. » Ibid., vol. viu., p. 281. ^ Phil, Trans, 1816, p. 270, and Edin, Trans,, vol. viii., p. 165. 



OPT 

History. The crystalline lenses ot animals had hitherto been sup- 
posed to incrcEse regularly in density, from the circum- 
Lenses of ference to the centre, for the purpose of correcting the 
animals, spherical aberration. Sir David Brewster, however, showed 
in 1816,^ that there were often three structures in such 
lenses, — a structure increasing in density from the centre, 
being accompanied with another diminishing in density, 
and that these structures displayed themselves in circular 
rings of polarized tints, traversed by a rectangular black 
cross, the tints themselves sometimes rising to a bright 
yellow of the first order. About the same time he dis- 
covered the remarkable property of the diamond of ex- 
hibiting irregular patches of doubly refracting structures, as 
if it had been in the state of gum, subject to irregular pres- 
sure or induration;^ and having afterwards discovered 
gaseous cavities in the same gum, in which the expansive 
pressure of the included gas had communicated to the sur- 
rounding parts a regular doubly refracting structure, he 
corroborated his supposition that it had a vegetable origin,^ 
which he has more recently confirmed by discovering that 
many diamonds consist of strata of different refractive 
powers, a property not possessed by any mineral body.* 
Metallic the beginning of February 1815, when examining the 

polariza- action of metals upon polarized light, our author discovered 
that complementary colours were produced by one or more 
reflections from plates of gold, silver, and other metals; 
that analogous colours were produced by total reflection ; 
that common light was wholly polarized in the plane of in- 
cidence by a number of metallic reflections, this number 
being greater in silver and gold than in the other metals. 
Though examined with much care both by our author and 
M. Biot,® the nature and law of these phenomena were still 
veiled in obscurity. 

Biazal Hitherto all crystals were believed to have one axis of 
crystals, double refraction, like Iceland spar or quartz ; but in the 
year 1817® Sir David Brewster discovered that the greater 
number of crystals, and among these arragonite, sulphate 
of iron, sulphate of barytes, sulphate of strontian, topaz, fel- 
spar, and nitre, had two axes of double refraction, which he 
called resultant axes, and which were more or less inclined 
to each other, as the intensity of the real axes more or less 
approached to equality. By measuring the deviation of the 
two pencils in different planes, he found that the double 
refraction was the same in every part of the same ring, dis- 
appearing along the resultant axis, and increasing with the 
value of the tints ; and by projecting the coloured rings, 
and measuring the angular distances from the axis at which 
the same tints were produced, he was led to the true phy- 
sical law of the tints, and of the deviation of the extraor- 
dinary ray. This general law, when applied to the polarized 
tints, is thus expressed : The tint produced at any point of 
the sphere^ by the joint action of two axes, is equal to the 
diagonal of a parallelogram whose sides represent the 
tints produced by each axis separately^) and xohose angle is 
double of the angle formed by two planes passing through 
that point of the sphere and the respective axes. When 
the law is applied to the phenomena of double refraction, it 
may be thus expressed : The increment of the square of the 
velocity of the extraordinary ray produced by the action of 
two axes of double refraction, is equal to the diagonal of 
a parallelogram whose sides are the increments of the square 
of the velocity produced by each axis separately, and calcu- 
lated by the law of Huygens, and whose angle is double of 
the angle formed by two planes passing through the ray 
and the respective axes. When, the two rectangular axes 
are of equal intensity and of the same character, the pre- 


ICS. 541 

ceding law gives the very same results as the law of Huy- History, 
gens does for one axis placed at right angles with the other 
two. When the crystal has three equal rectangular axes, 
their forces are in equilibrio in every part of the sphere, and 
there is neither double refraction nor polarization. When 
the first of these laws is applied to the mysterious actions 
of sulphate of lime, with the origin and classification of 
which M. Biot had been so much perplexed, and which he 
has represented by complicated and empirical formulae, the 
whole mystery disappears, and all the diversified and capii- 
cious variations of tint which he had ascribed to secondary 
forces, become the legitimate and calculable results of two 
axes of double refraction. 

During these laborious researches, our author was led to 
the law by which the primitive forms of minerals are con- 
nected with the number of their axes of double refraction, 
and to point out the connection between the optical struc- 
ture and chemical composition of crystals. 

The absorption of common light, in virtue of which Absorption 
crystals exhibit different colours, or shades of colour, in of light, 
different directions, had been long observed by Wollaston, 

Cordier, Bournon, De Dr6e, and others; but Sir David 
Brewster discovered that in a great number of coloured 
crystals, both with one and two axes of double refraction, 
polarized light was absorbed, according to regular laws de- 
pending on the inclination of the ray to the axis or axes of 
the crystal, and that in such crystals the two pencils are 
always differently coloured, the difference of colour dis- 
appearing in the direction of the axis, and rising to a 
maximum at right angles to it. These phenomena are 
finely seen in super-acetate of copper, dichroite, Brazilian 
topaz, and augite. These properties are shown by our 
author to be singularly modified by heat, and even com- 
municated to crystals which do not naturally possess it. 

Absorbing crystals have been called dichroitic, and the 
property itself dichroism. 

The subject of circular polarization was likewise examined Circular 
by our author in quartz and amethyst.^ He found that polariza- 
heat entirely removed from quartz the power of producing 
circular polarization, when the substance was reduced to 
fusion ; he discovered it near the resultant axis of chryso- 
bery], and in certain specimens of unannealed glass.® In 
examining the properties of the amethyst, he found that Amethyst, 
this interesting mineral combines the opposite structures of 
the two kinds of quartz, being composed of alternate strata 
of right and left-handed quartz, these two opposite actions 
destroying each other at their junction, where the colour- 
ing matter of the amethyst is principally apparent. 

In all the experiments on the polarization of light by re- Crystal- 
flection from crystallized surfaces, their action was supposed sur- 
to be the same as that of common solids and fluids ; and 
Malus had distinctly stated it as the result of experiment, 
that Iceland spar had the same polarizing angle on all its 
surfaces and in every azimuth, its action being “ indepen- 
dent of the position of the principal sections,” that its re- 
flecting power extends beyond the limit of the polarizing 
forces of the crystal, and that as light is only polarized by 
penetrating the surface, the force which produces extraor- 
dinary refraction begins to act only at this limit,”® Doubt- 
ing the accuracy of these results. Sir David Brewster insti- 
tuted a series of experiments on the action of crystallized 
surfaces upon light, by which he has established the remark- 
able fact that the angle of complete polarization varies from 
57° 14' to 59° 32', on the surface of the rhomb of calcareous 
spar, being a minimum in the plane of the principal section, 
and a maximum in a plane perpendicular to it. But it is 


^ PUl. Trans. 1816, p. 311, 2 JEdin. Trans. 1816, vol. viii., p. 167. ® Geological Trans. 1816. 

^ See our art. Micbosgope, vol. xiv., chap, i., sect. Diamond Lenses ; and PHI. Trans. 1841, p. 41. 

® Traitt de Physique, tom. iv., p. 579. ® Phil. Trans, 1818, p. 199. ^ Edin. Trans., vol. ix., p. 139. 

8 « Treatise on Optics/’ Lardner*s Cabinet Cyclop. , p. 128. ® Thtorie de la Double Refraction, p, 240, 
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History, not merely the polarizing angle that is changed. ^ When 
V tr- the ordinary reflecting force is weakened by causing the 
Discoveries reflection to be made from the refracting surface of oil of 
ofBrewster cassia and Iceland spar, he found that the light no 
longer polarized in the plane of reflection, and that the de- 
viation from this plane depended on the inclination of the 
ray to the axis of the crystal, the deviation becoming less 
and less as the refractive power of the fluid was diminished. 
In the same paper he has shown that by altering the me- 
chanical condition of the surfaces of crystals, and making 
the ray enter this surface from fluids of different refractive 
powers, the ordinary or the extraordinary image may be 
weakened or extinguished at pleasure.^ 

In the year 1816, Sir David Brewster discovered a re- 
Apophyl- markable system of coloured rings in apophyllite, a singularly 
lite. constituted crystal, one part of which has one axis, whilst 
another part has two axes of double refraction. Different 
parts of this crystal possess different degrees of double re- 
fraction, with the same thickness, and at the same inclina- 
tion to the axis ; and the beautiful and symmetrical figure 
which a perfect crystal exhibits by polarized light, deline- 
ated in the most splendid colours, is perhaps the finest sight 
which the mineral kingdom calx present to us.^ By the aid 
of polarized light, our author discovered also a singular 
Chabaflie. structure in certain crystals of chabasie, in which the double 
refraction gradually diminishes in successive strata, then 
vanishes, and re-appears with an opposite sign, the one 
double refraction being positive and the other negative ; 
but the most remarkable of all these structures was that of 
Analcime. analcime, in which he discovered a new species of double 
refraction, in which the phenomena are related to planes 
instead of axes^ in which the double refraction disappears.^ 
In the year 1829, our author communicated to the Royal 
Society of London five papers. The first of these, entitled 
Grooved Ow periodical colours produced hy the grooved surfaces of 
surfaces, metallic and transparent bodies^^ contains an account of a 
new series of periodical colours exhibited by grooved sur- 
faces, which succeed each other in a plane at right angles 
to that in ‘which the usual spectra are seen, and producing 
a singular modification of these spectra. In the second 
Double re- paper, on the double refraction produced hy pressure in the 
fraction by molecules of bodies,^ he has shown that the axis of pressure 
pressure, jg ^ regular axis of double refra<::tion, and that the doubly 
refracting properties, which are not inherent in the mole- 
cules themselves, are produced by the pressure caused by 
the forces of aggregation, which generally differ in inten- 
sity in the direction of the three rectangular axes. The 
Polariza- other three papers treat of the laws of the polarization of 
flexion reflection® and refraction,^ and on the action of the 

and refrac- second surfaces of transparent plates^ upon light, 
tion. We have already seen that Malus, Biot, and Sir David 

Elliptic po- Brewster had been baffled in their attempts to unravel the 
larization Complex phenomena of metallic polarization. The last of 
in metals, these authors had at various times resumed the investiga- 
tion ; but it was not till February 1830, that he communi- 
cated the result to the Royal Society, in a paper entitled 
On the phenomena and laws of elliptic polarization^ as ex- 
hibited in the action of metals upon light, ^ All the phe- 
nomena of metallic polarization are shown to be those of 
elliptical polarization, connecting the phenomena of circu- 
larly polarized light with those of plane polarized light, the 
action of silver approaching nearest to that of totally reflect- 
i!ng surfaces by which circular polarization is produced, and 
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that of galcBna to transparent bodies or those not metallic History, 

by which plane polarization is produced. The colours ac- v 

companying these phenomena have no relation to those of Discoveries 
crystallized plates, and in the case of silver and gold are ofBrewster 
extremely beautiful and splendid. 

Hitherto the analysis of solar light by Sir Isaac Newton Hew ana- 
had been regarded as complete, and incapable of any farther lysis of 
development. From this analysis he himself deduced the ®olar light, 
conclusion, that to the same degree of refrangibility ever be- 
longed the same colour^ and to the same colour ever be- 
longed the same degree of refrangibility. So early as 1822, 
in a paper on the monochromatic lamp^ Sir David 

Brewster showed that some of the colours of the spectrum 
were compound^ capable of being analyzed by absorbing 
media, and that different colours had the same refrangibi- 
lity. This result stood in direct opposition to the Newton- 
ian doctrine, and our author, in order to support it, under- 
took an elaborate series of experiments, the results of which 
were communicated to thw Royal Society of Edinburgh in 
1831 in a paper entitled On a new analysis of solar lights 
indicating three primary colours forming coincident spectra 
of equal lengths f In these three overlapping spectra the 
intensity of each colour is a maximum at that point where 
the same colour is most intense in the compound spectrum. 

Hence it follows that all the colours in the solar spectrum 
are compound, consisting of red, yellow, and blue light in 
different proportions, so that if at any point we separate as 
many rays of each colour as is necessary to produce white 
light, by absorbing the excess at that point, we should ex- 
hibit the strange phenomenon of white light incapable of 
being decomposed hy the prism. This has actually been 
done by Sir David Brewster, by means of absorbing media. 

This paper was followed, in 1833, by another, on the co- 
lours of natural bodiesf^ in which our author shows that 
they have not the same composition as those of thin plates, 
and demonstrates the truth of this opinion by a special 
analysis of the green colour of plants, the most prevalent 
tint in nature, and the one which Newton had pronounced 
to be of the third order. In the same year our author pub- 
lished his Observations on the Lines of the Solar Spectrum^ 
and on those produced by the earth^s atmosphere^ and hy 
the action of nitrous acid gas^^ but we must reserve our 
notice of this paper till we come to describe the discoveries 
of Fraunhofer. 

In the year 1837 our author pointed out a remarkable 
connection between the phenomena of absorption and the 
colours of thin plates^^ and in 1838 described some new 
facts in the colours of mixed plates}^ In 1 841 he communi- 
cated to the Royal Society of London a series of new phe- 
nomena exhibited by thinplates exposed to polarized light 
and in 1843, to the Royal Society of Edinburgh, a paper 
on the law of visible position in single and binocular vision^ 
in which he gave the true theory of the stereoscope, an in- 
strument which was invented independently by Profes- 
sor Wheatstone, and Professor Elliot of Edinburgh. In 
the year 1841 he communicated to the Philosophical So- 
ciety of St Andrews an account of his observations on the 
polarization of the atmosphere,^ and of the polarimeter with 
which they were made and in 1845 he discovered the 
neutral point beneath the sun, which goes by his name.^® 

In 1846 he communicated to the Philosophical Society of 
St Andrews, and also to the British Association of that 
year, an account of a new property of light— namely, its 


^ Fhil. Trans, 1819, p. 146. ® JEdin. Phil. Jour.^ vol. i., p. 1 ; and JEdin. Trans., vol. ix., p. 317. 3 Ibid., vol. x., p. 187. 

Phil. Trans. 1829^ p. 301 ; or JEdin. Jour, of Science, vol. ii,, p. 46. « Ibid. 1830, p. 87 ; or ibid., vol. iiL, p. 28, 

« Ibid. 1830, p. 69 ; or ibid. H.S., vol. Hi., p. 160. ^ Ibid., p. 135 ; or ibid., p. 218. 8 Ibid., p. 145 : or ibid., p. 23a 

it ’ S; W- P- 433. 

TVon.,, vol. 3di.,p. 123 5 orJfdm. Jour. «/S«.«iee,N.S.,Tol.T.,p. 197. “Ibid. Ibid. 

M T*i*: . .. “ P- P- ^3- " Proceedings of the Society, Dee. 5, 1841. 

JohUatOn h Physical AtZat, and Trans, of Royal Irish Academy, voL xix., part ii. 
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History, double reflection and polarization^ as exhibited on the sur- 
V ^ faces Q^ 'chrysammate ofpotashy chrysammate of magnesia^ 
and murexide} In 1846, he published® his researches on 
the decomposition and dispersion of light in solid and fluid 
bodies (the fluorescence of Professor Stokes). In 1849 he 
exhibited to the Koyal Scottish Society of Arts his lenti- 
cular stereoscope^ now in universal use;® and in 18o3 he 
discovered that the crystalline and doubly refracting struc- 
tures could be communicated to crystalline pow'ders by 
compression and traction. 

Dr See- Dr Thomas John Seebeck of Nuremberg was an 
beck, born active and successful cultivator of the science of optics. 
1770, died jjjg experiments on this subject were published in 
Schweigger’s Journal for April 1813 and December 1814. 
In 1811 M. A rago observed the polarizing structure in thick 
pieces of flint, and in 1812 Sir David Brewster had noticed 
the same property in some pieces of plate glass.^ In Dr 
Seebeclds paper of 1813, he observed the regular figure 
produced by polarized light, when the glass had the regular 
form of cubes and cylinders. In cubes of an inch in dia- 
meter, he found them to be indistinct, and not produced by 
fluor spar or rock-salt. In his second paper of December 
1814, he shows that a plate of glass made red hot, and set 
upon its edges to cool, exhibits at the part which cools first 
a series of coloured fringes, which spread over the whole 
plate, the structure which produces them remaining perma- 
nently fixed in the glass. These experiments are posterior 
to those made in Scotland on the effects of heat upon glass, 
and on the polarizing structure of glass cooled in water. 

Early in 1816, Dr Seebeck discovered the property of 
certain essential oils in producing the polarized tints, the pro- 
perty of single refraction possessed by tourmaline, and the 
system of coloured rings produced by Iceland spar ; but in 
these discoveries he was anticipated, as we have seen, by 
others, though he is entitled to all the merit of a second 
discoverer. 

In 1809 Dr Seebeck communicated to the Academy of 
Sciences at Berlin an interesting memoir on the unequal 
production of heat in the prismatic spectruMy in which he 
showed that the place of maximum heat varied with the 
substance of which the prism was made, being in the yellow 
rays in the spectra formed by water (and according to 
Wunsch, in alcohol and oil of turpentine) ; in the orange m 
concentrated sulphuric acid, and solution of sal ammoniac 
and corrosive sublimate ; in the middle of the red in crown 
and plate glass, and beyond the red in flint glass. Dr 
Turner® ascribed these results to the different powers of 
these media to refract the rays of solar heat ; but Sir David 
Brewster explained them by supposing that colourless 
transparent bodies exercise the same variety of absorptive 
action upon heat that coloured bodies do upon light, the 
body in the last case becoming coloured in consequence of 
that action. Hence the maximum ordinate of heat will 
shift its position with the nature of the body, and we shall no 
doubt find media with several maxima and minima, and points 
of no heat at all, according as we increase the size of the 
prism or the thickness which the heat traverses.^ The 
best way to carry on such researches is to use a prism of 
glass whose curve of heat is well ascertained, and then to 
determine the changes which take place in the curve by 
interposing thick plates of transparent solids and fluids. 

This eminent philosopher would have done still more for 
the science of optics, had he not been attracted to the study 
of thermo-electricity, in the creation and extension of which 
he has immortalized his name. 

Dr A. See- We are indebted to Dr A. Seebeck for a series of in- 
beck. — 
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structive and accurate experiments on the polarizing angle History, 
of different substances, which confirm the accuracy of the 
law of the tangents,® and another on the polarizing angle of 
calcareous spar in different azimuths. 

We come now to that auspicious period in the history of Fresnel, 
optics, when this science was destined to receive the grand- bom 1788, 
est accessions from the genius of M. A. Fresnel, engineer 
of roads and bridges. What Newton did for astronomy, 

Fresnel did for physical optics ; and all Europe will, we are 
persuaded, confirm the decision which places him pre-emi- 
nently above all the other cultivators of this branch of science. 

The discoveries of Fresnel, however, are so connected with 
theoretical considerations, that it is impossible, in a histori- 
cal sketch, to give anything like an idea’of their magnitude 
and importance. The phenomena of rotatory polarization Circular 
in quartz, which had so niuch perplexed philosophers, havepolariza- 
been completely explained by Fresnel. He found that they 
arise from the interference of two circularly polarized pen- 
cils, propagated with different velocities along the axis pf 
quai'tz, the one revolving from right to left, and the other 
from left to right, and that a plane polarized ray is equivalent 
to two circularly polarized rays of half the intensity. These 
facts he verified experimentally, by an achromatic combina- 
tion of right and left-handed prisms of quartz, so disposed 
as to double the refraction of the images. 

M. Fresnel had also found that light was circularly 
polarized by two total reflections from glass at an angle of 
about 54° 3T; and by placing between two rhombs of glass, 
each of which polarized the light circularly and had their 
planes of reflection at right angles to each other, a crystal- 
lized plate, he observed that the light transmitted through this 
system exhibited phenomena analogous to those seen along 
the axis of rock-crystal. The rhomb of glass so ciiit, that 
when the incident rays enter and leave it perpendicularly, 
they have suffered two reflections at an angle of 54° 37', is 
well known by the name of Fresnefs rhomb,. 

Fresnefs theory of double refraction and polariz^tipn, Theory of 
one of the finest efforts of genius, conducted its author double re- 
to many important results which had escaped the notice fraction, 
of the most diligent observers. Hitherto ijt had been takeQ 
for granted by all, and appeared to be prov.ed by Biot's exr 
periments on topaz, that in biaxal crystals one of the rays 
followed the ordinary law of the sines ; but it followed 
from Fresnel's theory that it did not, and by a series of the 
nicest and most difficult experiments he determined, that 
neither of the two rays have a constant velocity, both being 
performed according to a new law. What had been called 
the extraordinary ray, he found by his theory to be regu- 
lated by the law discovered by Sir David Brewster, and 
simplified in its mathematical expression by M. Biot, and he 
showed that all the phenomena of double refraction could 
be accurately calculated. The axes of elasticity in Fresnel's 
theory are the same as the axes of double refraction in Sir 
David Brewster’s paper of 1818, and the laws of the compo- 
sition and resolution of such axes ip uniaxal, biaxal, and tesr 
sular crystals which have no double refraction, previously 
given by the latter, are all necessary results of the §ame 
theory. 

But the most remarkable part of Fresnel's theo^*y is his and polari- 
explanation of the polarization of light. Xhe hypothesis of zation. 
trans'oersal vibrations first presented itself to Dr Young 
while considering the law of e?:traordinary refraction in 
biaxal crystals, as communicated to him by Sir David 
Brewster. M. Fresnel, however, showed that it was a ne- 
cessary consequence of the laws of interference, and that 
the vibrations of a polarized ray are on the surface of the 


1 Proceedings of Phil Soc*, St Andrews, Jan. 6, 1846 ; R^ort of BHU Aisoc., 1846, p. 7 ; Prof. Stokes’ paper on “ Metallic Reflection,” 
&c. in Phil Mag. 1863. ® Edin. Trans, 1846, vol. xvi., p. Ill, 

® Trms, Boo, of Arts, 1849 ; Phil Mag,y Jan. 1852 ; and Treatise on the Stereoscopey Loud. 1857. ^ Treat, on Miu Phil Insts.y p. 33^, 

® B&flin Memoirsy 1818- 1819,. p. 305, or Edin, Jour, of Science, vol. i., p. 358, Ho. 2, Oct. 1824. ^ Chemistry, 8d ed,, p. 84. 

^ Second Report of the British Association, 1832, p. 294. ® Edin, Jowt, of Scknce, H.S,, vol. v., p. 99. 
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History, wave, and perpendicular to the plane of polarization. In un- 
polarized light they are also only on the surface of the wave, 
and this species of light is conceived to consist of a rapid 
succession of systems of waves polarized in every possible 
plane, passing through the normal to the front of the wave. 
Hence light is polarized by resolving the vibrations into 
two sets in two rectangular directions.^ 

Interfer- We have already slightly noticed the fine discoveries of 
ence of po- MM. Arago and Fresnel on the interference of polarized 
larized light, and we can now only refer with admiration to the 

light. beautiful series of experiments by which the phenomena of 

moveable polarization were properly explained, and brought 
under the dominion of the undulatory theory. When a 
polarized ray proceeding from a luminous point is trans- 
mitted through two rhomboids of Iceland spar of equal 
thickness, whose principal sections are inclined 45° to the 
plane of primitive polarization, the emergent light will di- 
verge as if from two near points, and the two portions will 
be oppositely polarized. MM. Arago and Fresnel found 
that the light formed by the union of these pencils was 
plane^ circularly^ or elliptically polarized, according to the 
difference of the paths traversed when they met. Follow- 
ing out this principle, MM. Arago and Fresnel were led to 
an experimentum crucis^ to determine the accuracy of the 
theory of moveable polarization. A homogeneous ray of 
polarized light was transmitted through a plate of sulphate 
of lime, having its principal section inclined 45° to the plane 
of primitive polarization, and of such a thickness that it should 
be circularly polarized according to the undulatory theory, 
and plane polarized according to the other ; and the result 
was decisive against the theory of moveable polarization. 
Diffraction We owe also to M, Fresnel the true theory of the in- 
of iight. flection or diffraction of light. The Academy of Sciences 
made this the subject of their physical prize for 1818, and 
the memoir of our author was the successful one. He had 
at first adopted and extended the theory of Dr Young, that 
the fringes arise from the interference of the direct and in- 
flected light; but he was afterwards obliged to admit, that 
rays passing at a sensible distance from the reflecting body, 
deviate from their primitive direction, and interfere with 
the direct light. This interesting effect he ascribes to a 
number of elementary waves sent from each portion of the 
surface of the principal wave when it reaches the reflecting 
body, and he determines the resultant of all the elemen- 
tary waves sent by these portions to a given point. Upon 
applying this theory to various cases of inflection, he found 
it to agree so well with observation, that, with the exception 
of the cases of diffraction by narrow apertures, the theory 
did not err more than the 2500th part of an inch. 

Reflection Among the many important discoveries of Fresnel we 
of light, must enumerate the theory of the reflection of light. Dr 
Young had shown on the undulatory theory, that at a per- 
pendicular incidence the intensity of the reflected light 
was a very simple function of the index of refraction.^ M. 
Poisson had arrived by another process at the same result, 
without knowing, we believe, what had been done by Dr 
Young and he afterwards extended his inquiries to dif- 
ferent incidences.^ The conclusions, however, at which 
this distinguished mathematician arrived, were inconsistent 
with observation; and Fresnel had the good fortune to give 
a complete solution of the problem, by combining the doc- 
trine of transversal vibrations with the theory of waves. He 
assumes, that the elasticity of the ether in the two media 
are equal, but their density different, though he also solved 
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the problem on the more general assumption, that the elas- History, 
ticity was different in the two media. He thus obtained 
formulae for all incidences and all refractive powers, and the 
law of the tangents, as well as that of the equality of pen- 
cils polarized by reflection and transmission, became the 
consequences of these formulae. At a perpendicular inci- 
dence the formula coincides with that of Young and Poisson, 
and at 90° the whole light is reflected, a result which has 
been verified by observation.® 

Among the active cultivators of the science of optics we Lord 
must place our distinguished countryman, Lord Brougham. Brougham. 
So early as 1796, when he was only eighteen years of age, 
he communicated to the Royal Society of London an in- 


genious paper on the inflection of light, and in 1797 another 
on the same subject.® These researches were published 
before Dr Young discovered the key to this class of pheno- 
mena, and before Fresnel had explained them on the prin- 
ciple of the undulatory theory. In his early papers, Lord 
Brougham considered the phenomena of diffraction, as pro- 
duced by inf ecting and deflecting forces emanating from the 
deflecting body, and acting, as Newton also supposed, on the 
passing rays. In his recent investigations, communicated to 
the Academy of Sciences and to the Royal Society, however, 
he has used these terms solely for the purpose of rendering 
more distinct the account of his experiments ; and he has 
avoided all reference to the two rival theories. 

The recent investigations of Lord Brougham were made 
at Cannes, in Provence, with a very fine apparatus made for 
him by the late M. Soleil, and he repeated them in Paris 
before the Abbe Moigno and others in 1850, when they 
were communicated to the Academy of Sciences.^ The 
originality and importance of the discoveries of Lord 
Brougham may be judged of from the two following pro- 
positions, which relate to a new property of the inflected 
and deflected rays 

1. “ The rays of light, when inflected by bodies near 
which they pass, are thrown into a condition or state 
which disposes them to be on one of their sides more 
easily deflected than before their first flection, and disposes 
them on the other side to be less easily deflected ; and 
when deflected by bodies, they are thrown into a condition 
or state which disposes them on one side to be more easily 
inflected, and on the other side to be less easily inflected 
than they were before the first flection.” 

2. “ The rays disposed on one side by the first flection 
are polarized (or are in a state resembling polarization) on 
that side by the second flection ; and the rays polarized on 
the other side by the first flection, are depolarized and 
disposed on that side by the second flection.”^ 

Contemporary with the discoveries of Fresnel were those Fraunho- 
of the late M. Fraunhofer of Munich, who made several fer, born 
important observations on the solar spectrum, on the 1787, died 
diffraction of light, on refractive and dispersive powers, and 
on the refrangibility of the light of the fixed stars. By 
using fine prisms entirely free of veins, he discovered that 
the solar spectrum was crossed by about 590 black lines, 
and he executed a beautiful drawing of the spectrum, in 
which the most important of these are projected. Fraun- 
hofer was not aware that Dr Wollaston had previously dis- 
covered seven of these lines ; but this slight anticipation 
does not in the least degree diminish the singularity of this 
splendid discovery. He discovered similar lines in electric 
light, and in the spectra of the Moon, Venus, Mars, Castor, 

Pollux, Sirius, Capella, Betalgeus, and Procyon f but none 


^ See Bulletin de la Soc. Pkilomathique) 1824, and de VInstitut, tom. xvii. 

® See the article Chhomatics, written by Dr Young, vol. vi., sec. xvi. 3 Mem. de Vlnst.y tom. ii. 

* Mem, de Vlnst,, tom. x, 6 See Ann, de Chim,, 1821. 6 Troms, 1796, p. 227, and 1797, p. 362. 

See Co^ua Rendus^ &c., 1850, tom. xxx», pp. 43, 67 ; and Abb^ Moigno’s Repertoire d^Optique^ &c., tom. iv., p. 1498. 

9 Brougham’s paper is printed in the Phihaophical Tranaactiona for 1860, pp. 235-260. 

Mdin,Jmrnal of Science, No. xv,, p, 7. Sir David Brewster asserts, that all the coloured stars derive their colours from defective 
lines m their spectra, h§,ving found these lines in those most strongly coloured. 
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History, whatever in artificial white flames. These lines he found 
to have a fixed position in relation to the coloured spaces, 
and, by measuring accurately the distance of prominent 
lines in the different coloured spaces, he obtained measures 
of the refractive and dispersive powers of bodies with a 
degree of accuracy hitherto unknown. Fraunhofer con- 
sidered these lines as having their origin in the nature of 
the sun’s light ; but Sir David Brewster, who by particular 
methods has discovered more than twice the number of 
lines reckoned by Fraunhofer, has established the curious 
fact that many of them are produced also by the action of 
the earth’s atmosphere. In his researches on this subject, 
Sir David Brewster discovered the remarkable property 
Action of possessed by nitrous gas of producing analogous lines in 
gases on great numbers, increasing in width with the thickness of 
spectrum, or with an augmentation of its temperature. The 

power of heat alone,” says this author, “to render a gas, 
which is almost colourless, as red as blood, without decom- 
posing it, is in itself a most singular result ; and my surprise 
was greatly increased when I afterwards succeeded in 
rendering the same pale nitrous acid gas so absolutely black 
by heat, that not a ray of the brightest summer sun was 
capable of penetrating it.”^ Professors Miller and Daniel 
afterwards discovered numerous fixed lines, disposed at equal 
distances, in the vapour of bromine and iodine ; and Sir 
David Brewster has more recently discovered hundreds of 
lines, under very singular circumstances, in the spectrum of 
an artificial substance, resembling mother-of-pearl;^ but 
what is most interesting, these lines are moveable, shifting 
their place in the spectrum by varying the incidence^ and 
are produced by the periodical action of thin plates inclosed 
in the substance. He has also discovered that broad dark 
bands like those produced by absorbing media, but entirely 
different from the nearly equidistant bands formed by single 
thin plates, are produced by a number of thin plates in a 
state of combination.® 

Considering the lines of the spectrum as produced by 
interference, Fraunhofer was induced to make a complete 
series of experiments on the inflection of light, particularly 
on the splendid colours produced by gratings of wires, and 
grooved surfaces, which were published in the year 1822, 
in the Memoirs of the Royal Bavarian Academy of 
Sciences.^ He afterwards repeated these experiments with 
a finer apparatus, and communicated an account of them to 
the Academy of Sciences at Munich, on the 14th June 
1823.® The science of optics owes also to Fraunhofer the 
art of making the finest glass for achromatic telescopes and 
prisms ; and such was the perfection at which he arrived, 
that, in a letter to the author of this article, he expressed 
his willingness to undertake an achromatic object glass 
eighteen inches in diameter. Our author wrote also a 
treatise on halos, parhelia, &c., in which he ascribes the 
small solar and lunar halos to the inflection of light by 
particles of vapour in the atmosphere, and the great halos 
of 45® to the refraction of hexagonal prisms of ice.® 

Sir John Among the most distinguished contributors to optical dis- 
Herschel. covery, Sir John Herschel occupies a high place. The devia- 
tions of the polarized tints from the colours of thin plates, or 
those of Newton’s scale, had been discovered by Sir David 
Brewster in acetate of lead, tartrate of potash and soda, 
apophyllite, topaz, and various other minerals. He had 
divided these crystals into two classes, viz., those that had 
the red ends of the rings inwards, and the blue ends 
wards; and those that had the blue ends of the rings 
inwards, and the red ends outwards! In his paper of 1 8 1 8, 


he states, that “ in almost all crystals with two axes, the History, 
tints in the neighbourhood of the resultant axes, when the 
plate has a considerable thickness, lose their resemblance 
to those of Newton’s scale, as will be more minutely 
described in another paper.” Conceiving that these deviated 
tints arose from the superposition of systems of rings of 
different colours, Sir John Herschel examined the coloured 
rings by homogeneous light, and established the important 
fact that the inclination of the resultant axes varied in the 
different colours of the spectrum, the poles or centres of 
the rings approaching to each other in red, and receding in 
violet light, in some crystals ; while in others they receded 
from each other in red, and approached in violet light. In 
tartrate of potash and soda, for example, the inclination of 
the axes was 75° 42' in red, and only 55° 14' in violet \\ght! 

These various axes all lie in the same plane, excepting in 
borax. In the paper containing this discovery, and in other 
two,^ communicated to the Cambridge Philosophical Society, 
he has described various interesting phenomena which he 
discovered in different specimens of apophyllite and in 
hyposulphate of lime,^° and which led him to some import- 
ant conclusions respecting the law of proportional action of 
these crystals on the different colours of the spectrum. 

We have already seen that the force which produces cir- 
cular polarization had been deemed a property of the ulti- 
mate particles of bodies, and totally unconnected with their 
mode of aggregation. In 1820 Sir John Herschel made 
the beautiful discovery, that the direction of the circular 
polarization in quartz was invariably the same with that of 
the plagiedral planes round the summit, the direction of the 
polarization being retrograde or direct, according as these 
planes leant forward or backward round this summit. 

We owe also to Sir John Herschel an interesting inquiry 
into the aberrations of compound lenses and object-glasses 
a series of curious experiments on the phenomena produced 
by diaphragms or apertures of various shapes, variously 
applied to mirrors and object-glasses,^ and a great number 
of original views and valuable experiments, which are con- 
tained in his Treatise on Light, one of the most valuable 
and original works on science which has appeared during 
the last century. 

M. Fresnel was, we believe, the first person who ob- M. Mit- 
served the change produced by heat on the tints of sulphate scherlich. 
of lime. It is to M. Mitscherlich, however, that we owe the 
most complete investigation of this subject. He found that 
heat expands crystals differently in different directions. 

Iceland spar is expanded by it in the direction of its axis, 
while it is in a slight degree contracted in directions per- 
pendicular to the axis. 'The rhomb thus approaches to the 
cube, and the double refraction is diminished. M. Mitscher- 
lich also found that the inclination of the optical or resultant 
axes, which is about 60°, diminishes with heat till they 
actually form one axis, when by a farther increase of heat 
they again separate, and open out, as it were, in a plane at 
right angles to that of the laminae. We have repeated this 
experiment, and enjoyed the remarkable sight of observing 
the one system of rings marching towards the other in the 
plane of the laminae, and changing their form and size as 
they advanced.^® An analogous, and even a more remark- 
able property, was discovered by Sir David Brewster in 
glauberite. At the freezing point glauberite has two optical 
axes for all the colours of the spectrum, the inclination of 
the axes being greatest in red, and least in violet light. 

When heat is applied, the two axes approach, and those of 
different colours unite successively, the crystal possessing 


1 Edin. Trans., vol. xii. 2 Trans,, 1837. ® Ibid. ^ Ibid., vol. viii., 1822. 

® Edin. Jour, of Science, Ho. xiii., pp. 101, 251. * See Phil. Trans. 1814, pp. 204, 205 ; and 1820, p. 95. 

^ Edin. Jour, of Science, Ho. xii., p, 348. ® Phil. Trans. 1820, p. 45. ® Cambridge Trans., vols. i. and ii. 

Sir John discovered similar deviations in vesuvian or idocrase {Treatise on Light, art. 1125.) Phil, Trans, 1821, p. 222. 

^ Treatise on Light, §§ 767, 768, &c. ^ Lond. and Edin. Phil. Mag., 3d series, vol. i., p. 417. 
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History, the remarkable property of being a uniaxal one for red^ and 
a biaxal one for violet light. By increasing the temperature, 
the optical axes open out in the same order, but in a plane 
at right angles to that in which they formerly lay, and long 
before the temperature has reached that of boiling water 
the planes of the axes in all the prismatic colours are per- 
pendicular to their first position.^ Such a crystal would 
form a delicate chromatic thermometer.^ M. Marx has 
discovered an analogous property in topaz, in which the two 
axes separate with heat, the variation being greater in the 
coloured than in the colourless varieties.® Sir David 
Brewster has discovered that regular double refraction is pro- 
duced in some soft substances by the application of heat. 

M. Rud- Some very excellent and interesting results have been 
berg. obtained by M. Budberg, on the effect of heat upon doubly 
refracting crystals. He found that the extraordinary ray 
in calcareous spar (the line F was used) had its deviation 
increased 2' 34", as the refractive index increased 0'00043, 
by a rise of temperature equal to 64°, the refracting angle 
of the prism being 59° 55' 9" ; whereas the refractive power 
for the ordinary ray, either does not change at all, or de- 
creases with the temperature by a quantity extremely small. 
In rock-crystal he found the deviation to be 42", or 0*00027, 
both on the ordinary and extraordinary ray, the angle of 
the prism being 45° 20' 5", In arragonite he found that 
the double refraction decreased a little with the temperature.^ 

We owe also to M. Rudberg a series of valuable experi- 
ments on the refractive actions of the differently coloured 
rays in crystals with one and two axes of double refraction. 
His measures were taken in reference to the fixed lines in 
the spectrum, and the minerals he employed were rock-crys- 
tal, calcareous spar, arragonite, and colourless topaz. He 
confirmed the existence of two dispersive powers in doubly 
refracting crystals, announced long before by Sir David 
Brewster ; and the variation of the inclination of the optic 
axes with the different colours of the spectrum, which had 
also been previously discovered by Sir John Herschel.® M. 
Rudberg was no doubt unacquainted with the previous 
labours of these authors, otherwise he would not have passed 
them over without notice. 

every other branch of physical science, optics owes 
dLTlSio’ profound researches of M. Poisson, which are in 

general of too recondite a nature to find a place in a popular 
treatise. The theory of the colours of thin plates was left 
incomplete by Dr Young. The two interfering portions 
from the upper and under surface of the plate were obviously 
unequal, and therefore could not destroy one another wholly 
by interference, as they are found to do. M. Poisson re- 
medied this defect by showing that there must be an infinite 
number of partial reflections within the plate, at each of which 
a very small portion of light was reflected, so that the sum 
of all these portions of light makes up for the defect of one 
of the pencils, and makes the interfering pencils equal. 
Hence M. Poisson has shown that at a perpendicular inci- 
dence, and at points where the effective thickness of the plate 
is an exact multiple of the length of half an undulation, 
the intensity of the reflected and transmitted light will be 
the same as if the plate were suppressed altogether, and 
the bounding media in absolute contact, so that when these 
media have the same reflective power, no light will be re- 
flected and the whole transmitted. By the aid of the pro- 
perty discovered by M. Arago, that the light is reflected in 
the same proportion at the first and second surfaces of a 
plate, M. Fresnel extended M. Poisson’s conclusions to all 
incidences. 

In treating of the subject of diffraction, M. Poisson was 
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led to the curious result that the centre of the shadow of a History, 
small opaque circular disc, exposed to light diverging from 
a single point, is as much illuminated by the diffracted light, 
as it would be by the direct light if the opaque disc were 
removed. By cementing a small metallic disc upon a plate 
of pure and homogeneous glass, M. Arago verified this re- 
markable deduction of theory. 

In two memoirs read to the Academy of Sciences in Ampere, 
1828,® M. Ampere has made a valuable addition to the theory ijorn 1775. 
of Fresnel. By an indirect and not very rigorous process, 

M. Fresnel had been led to the equation of the wave sur- 
face;^ but M. Ampere obtained a direct demonstration of 
it, deducing the equation in the manner which Fresnel had 
merely indicated, and he derived from this equation the 
elegant geometrical construction obtained indirectly by 
Fresnel. 

The undulatory theory of light has been greatly advanced M". Cauchy, 
by the researches of M. Cauchy, a French mathematician 
of distinguished eminence. In determining the law of pro- 
pagation of a plane wave, he shows that a disturbance ori- 
ginally limited to a given plane will give rise to three pairs 
of plane waves with uniform velocities, and parallel to the 
original plane, the two waves of each pair moving in oppo- 
site directions, but with equal velocities. He shows that 
the separate paii>s will move with velocities represented by 
the reciprocals of the axes of an ellipsoid, the form of which 
is regulated by the position of the plane wave, and the 
nature of the system, the absolute displacement of the 
molecules being parallel to the direction of these axes. 

Hence a system of plane waves superposed at the point 
of origiii^l disturbance, will be divided into three corre- 
sponding systems, and these will generate by their super- 
position a curved surface of three sheets, each sheet being 
touched by all the plane waves of the system. If these 
principles are established, it will follow as a necessary con- 
sequence that a single ray of light will he divided into 
three polarized rays^ one of which will in all cases have 
little intensity. M. Cauchy, as Dr Lloyd remarks,® has not 
pointed out the method of discovering this ray, or stated 
the precise physical condition on which its existence de- 
pends ; but it “ would seem to arise from the circumstance 
that the vibration normal to the wave is not absolutely in- 
sensible, so that the actual vibrations are not accurately 
in the plane of the wave.” ® “ The results of M. Cauchy’s Triple re- 

general theory,” continues Dr Lloyd, “embrace and confirm fraction, 
those of Fresnel ; and the mathematical laws of the propagation 
of light are shown to be particular cases of the more gene- 
ral laws of the propagation of vibratory motion in any elastic 
medium composed of attracting and repelling molecules. 
Considered, however, simply with reference to the theory of 
light, the solution given by M. Cauchy cannot, I conceive, 
be considered as a complete physical solution. In other 
words, the phenomena of light are not connected directly 
with any given physical hypothesis, but are shown to be 
comprehended in the results of the general theory, in virtue 
of certain assumed relations among the constants which 
that theory involves. IfJ indeed, we were able to assign 
the precise physical meaning of these equations of condi- 
tion, we should have nothing more to desire in the general 
theory of light ; for these equations must necessarily express 
the characteristic properties of the vibrating medium. In 
this point of view, their discussion becomes a subject of the 
highest interest ; and it is probably that the important con- 
clusions, of which we have yet to speak, may in this man- 
ner be confirmed and extended.” 

Before quitting this subject, however, we ought to men- 


1 miii. 2Van«., vol. xi., p. 273 ; and Und, and Min, Phil. Mag., 3d series, vol. i., p.*417. ^ Phil. Trans. 1818, p. 108. 

® Jahrluch der Ohimie, vol. ix. ^ Land, and Min, Phil. Mag,, vol. i., p. 409. ® Ibid., vol. i,, pp. 1, 89, 136, 146. 

Ann. de Chimie, tom. xxxix. 5 Moigno’s Re]gmoire d^Optique Moderne, vol. i., pp. 84, 85. ^ British Assoc., 4th Report, p. 391. 

British Assoc,, 4th Report, pp. 391, 392. ^ See p. 548 (note). 
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History, tion that there is an essential difference between the theories 
of Fresnel and Cauchy. In the former a ray is said to be 
polarized in or parallel to any plane, when the vibrations 
of the molecules of either are perpendicular to that line or 
plane ; whereas, in Cauchy’s theory, a ray is said to be po- 
larized in or parallel to any plane, when the vibrations of 
the ether are performed in or parallel to that plane. 

Dispersion The inability of the undulatory theory to explain the cfis- 

of light, persion of light was long one of the few exceptions to its 
universal application. Dr Young supposed that the material 
particles of bodies are incapable of permanent vibrations ; 
that these vibrations will retard those of the ether ; and 
that this retardation will be proportional to their fre- 
quency. Mr Challis, adopting Dr Young’s idea, has en- 
deavoured to explain the manner in which the undulations 
of ether within bodies are modified by their material atoms. 
He supposes that a sensible reflection takes places at every 
interruption of continuity in the medium ; and he infers 
that the mean effect produced by a retarding cause propor- 
tional to the reflective power of the atoms, will be to make 
the condensation corresponding to a given velocity greater 
in a certain proportion than in firee space, and to diminish 
the velocity of propagation in the same proportion. Mr 
Airy has more recently endeavoured to remove this diffi- 
culty, by supposing that in refracting media there may be 
something depending on time which alters their elasticity, 
in the same manner as in air the elasticity is greater with a 
quick than with a slow vibration of particles. 

An anonymous writer, in an article which appeared in The 
Philosophical Magazine, has proposed another hypothesis 
for obtaining a difference of elasticity. He supposes that 
the ether accumulates itself round the particles of transpa- 
rent media, and forms spheres of a density increasing to- 
wards their centre ; and he infers that a succession of vibra- 
tions, communicated through a medium thus constituted, 
will give rise to new vibrations ^propagated with various 
velocities corresponding to those of the different rays in the 
spectrum. 

The complete removal of this difliculty from the undula- 
tory theory has been effected by the skill of M. Cauchy. 
Regarding the sphere of action of the ethereal molecules as 
indefinitely small, in comparison with the length of an un- 
dulation, it had been inferred that the velocity of the undu- 
lations must be constant in the same medium ; but this 
restriction being removed as a groundless one, M. Cauchy 
considered the problem in a more general manner, and 
arrived at the result, that there exists a general relation 
between the length of the undulations and the velocity with 
which they are propagated, or the index of refraction; 
and consequently that rays of different colours will have 
different degrees of refrangibility. This relation is expressed 
by an equation involving two arbitrary constants, depending 
on the nature of the medium, and determinable by two 
values of the index of refraction for two waves of a known 
length. The refractive index for waves of other lengths 
may then be computed. Professor Powell has done this 
for several media, ^ whose refractive indices for the fixed 
lines in the spectrum have been determined by Fraunhofer, 
Rudberg, and himself; but though there is a general coin- 
cidence with the theory, the differences are in some cases 
rather inauspicious,^ 

Mr Airy. In examining the two rays produced by the double re- 
fraction of quartz, Mr Airy was led to a discovery which 
we consider as one of the most important in its results, and 
one of the most beautiful in its phenomena, that has yet 
been made in this branch of optics. The circular polariza- 
tion of the two rays along the axis of quartz had been 
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Studied by different philosophers, and had been explained History, 
by Fresnel with singular ingenuity, on the principles of the 
undulatory theory. No attempt, however, had been made 
to account for the existence of this property only in the rays 
which pass near the axis of the crystal, or to define the 
limit where the circular polarization ended, and the plane 
polarization commenced. Fresnel, and all who have written 
on the subject, seem to have shrunk from this difficulty ; 
but Mr Airy thought that the two kinds of polarization must 
have some connecting link, and by the aid of theory and 
experiment he succeeded in discovering it. In place of the 
two rays in quartz consisting of plane polarized light, as was 
universally believed, Mr Airy has shown that they both 
consist of elliptically-polarized light, the greater axis of the 
ellipse for the one ray being in the principal plane of the 
crystal, and the greater axis of the other perpendicular to 
that plane. One of the rays he found to be right-handed 
elliptically polarized, and the other left-handed elliptically 
polarized. The proportion of the axes of the ordinary ray 
is more nearly one of equality than the proportion of the 
axes of the extraordinary ray, each proportion being one 
of equality when the direction of the ray coincides with 
the axis, and becoming more unequal with the inclination, 
according to a law not yet discovered. The results cal- 
culated from the theory are in perfect accordance with those 
which Mr Airy has obtained from very nice and difficult 
experiments ; so that we may regard this beautiful and 
singular property of the two rays of quartz as perfectly es- 
tablished. 

Without knowing of the beautiful experiments of M. 

Arago, already referred to, Mr Airy was led to make the 
same experiment on the coloured rings formed between a 
lens and a metallic reflector, and to draw the same conclusion 
from it in favour of the undulatory theory. From a con- 
sideration of the formulae of Fresnel, Mr Airy expected 
that if the rings were formed between two substances of 
different refractive powers, such as plate-glass and dia- 
mond, the light being polarized perpendicular to the plane 
of incidence, they should have a black centre at incidences 
less than the polarizing angle of the glass, and greater than 
the polarizing angle of the diamond ; while they should have 
a white centre at all intermediate angles. These anticipa- 
tions Mr Airy confirmed by experiment ; and in the course 
of his observations he observed certain peculiarities in the 
phenomena, from which he has drawn the following con- 
clusions, viz 

1. When the angle of incidence is less than the maximum 
polarizing angle of the diamond, the nature of its reflection 
is similar to that of metallic reflection ; the phase of vibra- 
tion in the plane of reflection being more retarded than 
that of vibrations perpendicular to tlie plane of reflection, but 
perhaps by a smaller quantity than in reflection from metals. 

2. In the neighbourhood of the polarizing angle, the na- 
ture of the reflection is different from any that has hitherto 
been described. The vibrations in the plane of reflection 
do not vanish, but on increasing the angle of incidence by 
three or four degrees, the phase of vibration is gradually 
retarded by about 180°. In the reflection of light whose 
vibrations are perpendicular to the plane of reflection, there 
is no striking difference between the effects of diamond and 
those of glass. 

3. For angles of incidence greater than the polarizing 
angle there is no sensible difference between the effects of 
diamond and those of glass.^ 

Hitherto the mathematical theory of light owed almost 
all its development to the distinguished members of the In- 
stitute of France, — to Malus, Arago, Fresnel, Poisson, and 


^ Phil, Trans* 1835-37, 

® For a general account of the researches of M, Cauchy, particularly those on metallic rejtectwn, see Prof. Forhes’ Dissertation in this 
work, vol. i,, pp. 920, 921 ; and also Abh4 Moigno’s Repertoire, &c., vols. i. ii. and iv. ® Cambridge Trane* 1832, 
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History. Cauchy; but it was now destined to receive a powerful 
impetus from those eminent members of Trinity College, 
Dublin, who have nobly sustained the honour of their 
country by their genius and discoveries. In his &say on 
Sir Wm. R. the Theory of Systems of Bays, Sir William R. Hamilton has 
Hamilton, given an elegant analytical form lo that part of the theory 
of Fresnel which relates to the determination of the velocity 


and polarization of a plane wave ; and he has deduced the 
velocity and direction of the ray from that of the wave, and 
consequently the form of the wave surface.^ In these re- 
searches Sir W. R. Hamilton was conducted to the discovery 
of some new geometrical properties of the wave surface. 
He found that this surface has four conoidal cusps at the 
extremities of the resultant or optical axes, at each of 
which the wave is touched by an infinite number of tan- 
gent planes, forming a tangent cone of the second degree, 
while at the extremities of the lines of single-wave velocity 
there are four circles of plane contact, in every part of each 
of which the wave surface is touched by a single plane. 
These cusps and circles, the existence of which does not 
seem to have been suspected by Fresnel, have led Sir W. 
R. Hamilton to some remarkable theoretical conclusions re- 
specting the laws of refraction in biaxal crystals. To this 

Conical re- property he has given the name of conical refraction, 

fraction, because a single ray is refracted into an infinite number, 
forming a kind of cone. This conical refraction is. of two 
kinds, external and internal. In external conical refraction 
one internal cusp ray corresponds to an external cone of 
rays; and in internal conical refraction, an external ray 
incident at an angle corresponding to the line of single- 
wave velocity within, is connected with an internal cone of 
rays.® 

Dr Lloyd. Sir W. R. Hamilton requested Dr Lloyd of Trinity Col- 
lege, Dublin, to inquire experimentally into the existence 
of these two kinds of conical refraction. For this purpose 
he selected arragonite, a crystal of great biaxal energy, and 
having its optic axes inclined about 20°. It was cut with 
parallel faces perpendicular to the line bisecting the two 
optic axes. Upon looking at the light of a distant lamp 
through the crystal, and in the direction of one of the 
optical axes, Professor Lloyd saw a point more luminous 
than the space immediately about it, and surrounded by 
something resembling a stellar radiation. Hence the direc- 
tion of the optical axes may be determined by this modifi- 
cation of common light. When the adjustment was pei'- 
fected, and the light transmitted in the exact direction of 
the cusp ray, there appeared at first a luminous circle, with 
a small dark space in the centre, and in this dark central 
space were two bright points, separated by a narrow and 
well-defined dark line. These appearances rapidly changed 
in shifting the minute aperture next the eye. On examin- 
ing the emergent cone with a plate of tourmaline, Dr 
Lloyd was surprised to observe that only one radius of the 
circular section vanished in a given position of the tourma- 
line, and that the vanished ray ranged through 360°, while 
the tourmaline was turned through 180°. Hence it follows 
that all the rays of the cone are polarized in different planes. 
On a more attentive examination of this phenomenon, Dr 
Lloyd discovered the remarkable law, ‘‘ That the angle be- 
tween the planes of polarization of any two rays of the cone 
is half the angle between the plane containing the rays 
themselves and the axis.” This law he found to be in per- 
fect accordance with the theory. 

The verification of the second kind of conical refraction 
Dr Hoyd found to be more difficult. The angle of the 


cone of rays which theory indicated should be seen within History, 
the crystal when a single external ray corresponding with a 
ray refracted along an optical axis, was 1° 55' in arragonite. 

The external ray was divided into two, but when the cri- 
tical incidence was gained, after much care in the adjust- 
ment, Dr Lloyd at last saw the two rays spread into a 
continuous circle, whose diameter was apparently equal to 
their former interval. ^ 

This phenomenon was exceedingly striking. It looked 
like a small ring of gold viewed upon a dark ground ; and 
the sudden and almost magical change of the appearance 
from two luminous points to a perfect luminous ring, con- 
tributed not a little to enhance the interest. 

“ The emergent light, in this experiment, being too faint 
to be reflected from a screen, I repeated the experiment 
with the sun’s light, and received the emergent cylinder 
upon a small piece of silver paper. I could detect no sen- 
sible difference in the magnitude of the circular sections at 
different distances from the crystal. 

“When the adjustment was perfect, the light of the 
entire annulus was white, and of equal intensity through- 
out. But when there was a very slight deviation from the 
exact position, two opposite quadrants of the circle ap- 
peared more faint than the other two, and the two pairs 
were of complementary colours. The light of the circle 
was polarized, according to the law which I had before ob- 
served in the other case of conical refraction. In this in- 
stance, however, the law was anticipated from theory by 
Professor Hamilton.” 

In addition to these interesting results, Dr Lloyd has 
published an account of a new case of interference, in 
which the experimental exhibition of the fact is much more 
manageable than in the experiment of two slightly inclined 
mirrors given by Fresnel. Dr Lloyd causes the light 
reflected at an angle of 90° from the surface of a single 
piece of plate-glass or a metallic reflector, to interfere with 
the direct light that passes parallel to the reflecting surface 
and near it. A screen placed on the other side of the 
mirror receives the direct and the reflected pencils, which, 
meeting under a small angle, after having traversed paths 
differing by a small amount, interfere. Dr Lloyd also re- 
ceived the two pencils upon an eye-piece placed at a short 
distance from the reflector, and saw a very beautiful sys- 
tem of bands, in every respect similar to one half of the 
system formed by the two mirrors in Fresnel’s experiment. 

Dr Lloyd has more recently, in 1836 and 1837, com- 
municated to the Royal Irish Academy the results of his 
researches on the propagation of light in uncrystallized 
media* His object was to simplify and develop that part 
of M. Cauchy’s theory which relates to the propagation of 
light in an ethereal medium of uniform density, and to ex- 
tend the same theory to the case of the ether inclosed in 
uncrystallized substances, taking into account the action of 
the internal molecules. In the first part of his memoir Dr 
Lloyd has given good reason for concluding that the theory 
in its present form is insufficient to explain the pheno- 
mena of light in bodies, and that it becomes necessary to 
take into account the action of the material molecules. 

In doing this he limits himself to the comparatively simple 
case in which the molecules of the ether and the body are 
uniformly diffused. In the expression for the velocity of 
propagation each term consists of two parts, — one of which 
is due to the action of the ether, and the other to that of 
the body. “ It is not improbable,” says Dr Lloyd, “ that 
there may be bodies for which the first or principal term is 


The w/ace sw/ace is a geometrical surface employed to determine the direction and the velocity of reflected and refracted rays. It is 
spherical in a singly refracting medium; a double surface, or one of two sheets in a doubly refracting medium ; and a surface of three 
eneets, on the supposition that there is a triple refraction. It has always a centre round which it is symmetrical ; and the radii drawn 
trom this centre in different directions represent the velocities of rays to which they are paraUel. rMaccullagh’s JmA Tram*, vol. xvii.) 
iTxzh Tram., voL xvii., p. 136. 3 1030, p. 325; or Mm* Jour] of Soiencl N.S., Ho. viii’ p. 259. 



OPT 

History, nearly nothing, the two parts of which it is composed being 
of opposite signs, and nearly equal. In this case the prin- 
cipal part of the expression for the velocity will be that 
derived from the second term ; and, if that term be taken 
as an approximate value, it will follow that the refractive 
index of the substance must be in the sub-duplicate ratio 
of the length of the wave nearly. Now, it is remarkable 
that this law of dispersion, so unlike anything observed in 
transparent media, agrees pretty closely with the results 
obtained by Sir David Brewster in some of the metals. 
In all these bodies the refractive index (inferred from the 
angle of maximum polarization) increases with the length 
of the wave. Its value for the red, mean, and blue rays, in 
silver, are 3'866, 3*271, 2*824, the ratios of the second and 
third to the first being *85 and *73. According to the law 
above given, these ratios should be *88 and *79”^ 

We are indebted also to Dr Lloyd for an admirable Ele- 
mentary Treatise on the Wave ^Theory of Light^ and an 
excellent history Of the Progress and Present State of 
Physical Optics^ published in the P’ourth Report of the 
meeting of the British Association held in Edinburgh, — a 
history not less characterized by its candour and truth, and 
absence of all national partiality, than by the profound and 
accurate knowledge of the subject which it everywhere dis- 
plays. The only cultivator of physical optics to whom Dr 
Lloyd has done injustice is himself ; and we are glad of the 
opportunity which we here enjoy of giving a brief and im- 
perfect account of his original and valuable researches. 
Professor is with no less pleasure that we proceed to give an 

Maccul- account of the optical discoveries of another Irish philoso- 
lagh, born pher, who, at an early period of life, had placed himself in 
1809, died ^ distinguished position both as a mathematician and a 
natural philosopher. We have already seen that M. Am- 
pere gave a direct demonstration of Fresnel’s construction 
for finding the surface of the wave. His solution, however, 
was extremely difficult and complicated. The late Mr James 
Maccullagh was led in 1 829 to believe, from the simplicity 
and elegance of the results, that there must be some simpler 
method of arriving at them, and, upon considering the sub- 
ject with attention, he was led to a concise demonstration 
of the same theorem, and of some of the other leading 
points of Fresnel’s theory. He has demonstrated a geome- 
trical construction for finding the magnitude and direction 
of the elastic force arising from a displacement in any 
direction, and by his construction, with the aid of a few lem- 
mas, he is immediately led to all the conclusions established 
by M. Fresnel. The magnitude and direction of this force 
are represented by means of an ellipsoid, having for its 
semi-axes the three principal indices of the medium, these 
axes coinciding in direction with, and being inversely pro- 
portional to, the axes of Fresnel’s generating ellipsoid. 

The properties of the wave surface, and its use in deter- 
mining the directions and velocities of reflected and re- 
fracted rays, seem to have been discovered independently 
by Sir W. R. Hamilton, M. Cauchy, and Mr Maccullagh; 
and in a paper entitled Geometrical Propositions applied to 
the Wave Theory of Lights Mr Maccullagh has applied the 
properties of that surface to the geometrical development 
of the theory of double refraction. 

Hitherto the remarkable laws of the double refraction of 
quartz, developed by the successive labours of Arago, Biot, 
Fresnel, and Airy, were merely a set 'of independent facts 
unconnected by any theory; but Mr Maccullagh, in a 
paper On the Laws of the Double Refraction of Quartz, sent 
to the Royal Irish Academy in February 1836, has shown 
how they may be explained hypothetically, by introducing 
differential coefficients of the third order into the equations 
of vibratory motion. 
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The theory of the action of the metals upon light hav- History, 
ing been long among the desiderata of physical optics, Mr 
Maccullagh thought it would be important to represent the 
phenomena of elliptic polarization, discovered by Sir David 
Brewster, by means of empirical formulae, in a manner 
analogous to that employed by Fresnel in the case of total 
reflection. Mr Maccullagh has applied his formulae to steel ; 
and in computing from it the intensity of light reflected 
when common light is used, he obtained the remarkable 
result, that the intensity decreases very slowly up to a large 
angle of incidence (less that 75®), and then increases up to 
90°, where there is total reflection. This result entirely 
accords with the remarkable fact discovered by Mr Potter,® 
that the intensity decreases with the angle of incidence as 
far as 70°. Mr Maccullagh conceives that experiment 
alone can decide whether the subsequent increase indi- 
cates a real phenomenon, or arises from an error in the em- 
pirical formulae. 

Mr Maccullagh deduces also from his formulae the phe- 
nomenon observed by Mr Airy in the diamond ; and he 
has applied it successfully to the phenomena discovered by 
M. Arago respecting the rings formed between a trans- 
parent and a metallic surface. In this experiment Mr Mac- 
cullagh and Dr Lloyd have both discovered a curious ap- 
pearance unnoticed by any other author. Through the last 
twenty or thirty degrees of incidence, the first dark ring 
surrounding the central spot, which is comparatively bright, 
remains constantly of the same magnitude, though the other 
rings dilate greatly by an increase of incidence. 

Hitherto the undulatory theory had been unable to give 
any explanation of the variation of the polarizing angle, 
when the light was reflected in different azimuths from 
calcareous spar, and other doubly-refracting surfaces. Mr 
Maccullagh, however, was induced to exercise his mathe- 
matical skill on this interesting subject; and so early as 
1834 he communicated to Dr Lloyd an expression for the 
angle of polarization at the surface of crystallized media, 
when the plane of reflection coincides with the principal 
section of Fresnel’s ellipsoid ; and he found that the law, 
which he extended by analogy to all cases, represented 
with much exactness the observations of Sir David Brewster,^ 

In a subsequent paper On the Laws of Reflection from 
Crystallized Surfaces,^ he has explained the principles upon 
which his formula is founded. He was obliged to adopt 
the view of Cauchy, that the vibrations of polarized light 
are parallel to its plane of polarization, and being embar- 
rassed by his third ray, he altered Cauchy’s six equations of 
pressure, so as to make them afford only two rays, and give 
a law of refraction exactly the same as Fresnel’s. 

It appears, from a subsequent paper of Mr Maccullagh’s,® 
that M. SeebecF had solved the same problem long be- 
fore, — ^namely, in the case where the plane of incidence co- 
incides with the principal section of the crystal, — and had 
confirmed its accuracy by experiment. M. Seebeck had 
also pointed out a defect in Mr Maccullagh’s formulae 
Nos. 2 and 3, which induced the latter to resume the sub- 
ject ; and in a new paper, read to the Irish Academy on 
the 9th January 1837, a solution of the following problem 
is given for the first time : — “ Supposing a ray of light, 
polarized in a given plane, to fall on a doubly-refracting 
crystal, it is required to find the plane of polarization of 
the reflected ray, and the proportion between the ampli- 
tudes of vibration in the incident, the reflected, and the two 
refracted rays." The hypotheses employed by our author 
are these, viz., — 

1. The density of the ether is the same in all media. 

2. The vibrations are parallel to the plane of polarization. 

3. The vis viva is preserved. 


1 Irith Transactions, vol. xvii. 2 Second edition, London, 1857. ® Edin. Jour, of Science, H.S., Ho. 4. 

^ Professor Lloyd’s Report on Physical Optics,” in the Fourth Report of the British Association, 1834, p. 374 (note). 

® Bond* and Edtn. Fhil Mag., voL viii,, p. 103. ® Ibid., vol. x., p. 42. ^ Poggendorff’s Annalen, 1836, Ho. 6, 
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History. 4. The vibrations are preserved ; that is, the resultant 
of the incident and reflected vibrations are the same as the 
resultant of the refracted vibrations. This theory, says 
the author, “ represents very accurately the experiments of 
Sir David Brewster and M. Seebeck on the light reflected 
in air from a suiface of Iceland spar.” 

We owe also to Mr Maccullagh some interesting views 
respecting the nature of the light transmitted by the diamond 
and by gold-leaf. He conceives that there is a change of 
phase produced by refraction, as well as by reflection, from 
these bodies, the change being different according as the 
light is polarized in the plane of incidence, or perpendicular 
to it. If the incident ray, therefore, is polarized in any 
intermediate plane, the refracted ray should be elliptically 
polarized, which was found to be the case in gold-leaf. He 
conceived that the same remark explains the appearance of 
double refraction in specimens of the diamond which give 
only a single image, and that other precious stones are likely 
to have similar properties. Our author has obtained a 
general formula for the difference of phase between the two 
component portions of the refracted light, — one polarized in 
the plane of incidence, and the other perpendicular to it. 
He finds from this formula, that the difference of phase, 
which is nothing at a perpendicular incidence, increases 
until it becomes equal to the characteristic, at an incidence 
of 90° ; and when the light emerges into air, the difference 
of phase is doubled. 

The science of physical optics has been recently cul- 
tivated with great success by several distinguished mem- 
bers of the Academy of Sciences, and by other eminent 
individuals in Paris — ^by MM. Babinet, Senarmont, Jamin, 
Foucault, Fizeau, Becquerel, and Pasteur. 

MiBaT3inet, The researches of M. Babinet are so numerous and 
varied that the narrow limits of this article will not 
permit us to give any detailed account of them. His 
memoirs on circular double refraction and polarization, on 
the rainbow and optical phenomena of the atmosphere, 
on the effect of heat upon the polarized rays in crystals, 
on dichroism and the absorption of polarized light by 
crystals, and his discovery of the neutral point, or the 
point without polarization, above the sun, to which his 
name is attached, place him on a high level among optical 
discoverers.^ 

M. Senar- The science of physical optics has received many im- 

moDt. portant additions from the labours of M. Senarmont. In 

an interesting memoir published in the Annales de Chimie^ 
on the reflection of light, he has given new methods^ of 
studying rectilineal and elliptical polarization, as exhibited 
in the reflection of light from transparent uncrystallized 
bodies, from uncrystallized bodies possessing metallic 
opacity, from transparent crystallized bodies, and from 
crystallized bodies possessing metallic opacity. He has 
also demonstrated that all the phenomena of reflection at 
the surfaces of bodies possessing metallic opacity are 
analogous to those at the surface of transparent crystallized 
bodies, and that they establish the existence of double 
refraction in crystals essentially opaque. In two interesting 
memoirs on the conductibility of crystallized bodies for 
heat,* he has shown that, in general, heat is conducted by 
bodies according to laws almost identical with those by 
which light is propagated. 

The experiments of M. Senarmont “on the artificial 
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production of dichroism or polychroism in crystallized History, 
substances,” are exceedingly interesting. Having made a 
concentrated tincture of Campeachy wood, rendered purple 
by some drops of ammonia, he introduced it by absorption 
into crystals of nitrate of strontian, and upon transmitting 
a pencil of white light through a prism of the crystal, “ the 
phenomena loere perfectly characteristic of polychroism in 
crystals with two optical axes, and absolutely similar to 
those observed by Sir David Brewster in cordierite (tolite 
or dichroite), and which M. Haidinger afterwards found 
in the andalousite of BrazilP^ Other colouring matters 
introduced into other crystallized salts produced the same 
phenomena in different degrees. The colouring matter of 
amethyst, which Sir David Brewster found to exist between 
the two strata of opposite rotations, has obviously been 
deposited during the formation of the crystal in the same 
manner as the colouring matter in dichroitic minerals. The 
latest memoir of M. Senarmont with which we are 
acquainted is entitled Besearches on Double Refraction,^ 
in which he proposes to derive the laws of double refraction 
from a graphical representation of the iris or coloured band 
which exists at the confines of total reflection in uncrys- 
tallized bodies, but which becomes a circular coloured 
aperture with the two pencils formed in doubly-refracting 
crystals. In the same manner as the phenomenon of total 
reflection is a demonstrative proof of Snellius’ law of the 
sines in simple refraction, so will the phenomena of total 
reflection, as exhibited by doubly-refracting pencils, be as 
conclusive a proof of the laws of double refraction. 

Among the living cultivators of physical optics, M.M. Jamin. 
Jamin of Paris has obtained a distinguished place. His 
discoveries are contained in four memoirs : on metallic 
reflection,^ on the colours of metals,® on the reflection of 
light by transparent bodies, and on the double refraction 
and polarization of quartz. By means of the formulae of 
Cauchy, M. Jamin has computed the colours of metals at 
angles of incidence near the perpendicular for one and for 
ten reflections, and he has found the theory in perfect 
accordance with experiment. Sir David Brewster had 
observed that bodies of high refractive power, such as 
diamond, realgar, and chromate of lead, do not polarize at 
any angle the whole of the incident light. This incomplete 
polarization M. Jamin discovered in nearly all transparent 
bodies. He found also that, with a few exceptions, they 
convert plane-polarized into ell ip tically-polarized light ; these 
exceptions are menilite and alum cut perpendicularly to the 
axis of the octahedron. 

Our limits will not permit us, in this part of our article, 
to give any account of the discoveries of M. Pasteur on M. Pasteur, 
circular polarization ; of M. Becquerel on phosphorescence M, Bee- 
in relation to the different parts of the spectrum ; of the 
fine experiment of MM. Foucault and Fizeau on 
velocity of light in media of different densities ; of the Fizeau. 
interesting researches and inventions of Plateau in reference jvr. Plateau, 
to vision ; of the analysis by Mosotti of the spectra produced M. Mosotti. 
by gratings ; of M. Haidingeris observations on double M. Haid- 
reflection and pleochroism, and his method of determining inger. 
by the eye alone the direction of the plane of polarization ; 
and of the important discoveries of Professor Stokes Stokes, 
respecting the nature of internal dispersion (to which he 
has given the name of fluorescence)., and a supposed change 
in the refrangibility of light. 


^ See the Comptes Rendus, &c., tom, iv., and the Abh6 Moigno’s Repertoire d’Optique Modeme, toms. i. and iv. passim, for an account 
of M. Bahinet’s labours. s Tom. xx., 3d series. 

* In one of these methods M. Senarmont employs a double plate of quartz with opposite rotations. The Abh6 Moigno regrets that 
he has not mentioned M. Soleil as “ the inventor of this ingenious apparatus,” The apparatus in a more perfect form^ — namely, as exist- 
ing in a sinffle plate of amethyst — was described by Sir David Brewster in the Rdin. Trans, 1819, vol. ix,, p, 150, Ion" before it was pro- 
posed by M, Soleil. ^ ° 

^ AnnaUs de Chimie, &c.,‘ tom. xxi. xxii. xxiii., 1847-1851. An important memoir by M. Sencurmont on the optical properties of 
doubly-refracting crystals will be found in the same journal, 3d series, tom. xxxiii., p. 391, and another on the optical properties of micas. 

« Comptes Rendus, &c., 23d Jan. 1864, tom. xxxviU,, p, 504. « Ibid., 21st Jan. 1856, tom. xlii., p. 65. 

Ann, de Chimie et Physique. « Comptes Rendut, &c., tom, xxv,, p.7145 ibid., tom. xxx., p. 99. 
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Introduc* Although more intimately connected with the history of 
tion. Photography,^ we cannot omit to notice the new and 
remarkable property of light recently discovered by M. 
M. Jliepce Niepce de St Victor, commandant of the Louvre, to whom 
de St Vic- the photographic art is under the deepest obligations. 

This new property or new action of light is finely exhibited 
in the following experiment : — “ I expose," he says, ‘‘ to 
the sun’s light a sheet of card-board strongly impregnated 
with two or three applications of a solution of tartaric acid, 
or nitrate of uranium ; after insulation, I cover with card- 
board the interior of a long and narrow tube of white iron, 
and after sealing the tube hermetically, I find that after a 
very long lapse of time^ the card-board ‘ impressions’ paper 
rendered sensible by the muriate of silver. The maximum 
effect is obtained in twenty-four hours, when the air is at its 
ordinary temperature ; but if, after projecting into the tube 
some drops ofwater to moisten slightlythe card-boardjwe again 
shut up the tube and expose it to a temperature of 40° or 50° 
(centigrade, we presume), and subsequently open its mouth, 
and place upon it a sheet of sensitive paper, we shall in a 
few minutes obtain a circular image of its mouth as strong 
as if the sensitive paper had been exposed to the sun." A 
simpler experiment, in which the same action is shown, is 


thus described by its author : — “ Expose to the light of the Tntroduc- 
sun, or even to diffused daylight, an engraving, and then ^ ^ 

place it above a sheet of sensitive paper prepared with 
muriate of silver. A copy of the engraving will be ob- 
tained in the same manner as if the paper and engraving 
had been exposed to the light of the sun." 

The intensity of the “ persistent activity" thus exhibited 
by light after it has been imprisoned or laid up (emmaga* 
sine^ in paper or card-board, is more or less strong 
according to the nature of the substance, the time of ex- 
posure, and the state of the atmosphere. A body rendered 
active” (that is, in which the light is actively persistent) 

‘‘ by insulation, will transmit this activity by contact in the 
dark to another body, such as tartaric acid.”^ Jf light is 
simply motion, it is difficult to understand how it can main- 


tain its motion in the card-board till it gives itself out and im- 
pressions sensitive paper ; or if its motion is extinct, how it 
can recover its state of motion from a state of rest. What- 
ever opinion we entertain of the theories of light, it seems 
quite clear that in its action on bodies there is a material 
agency different from that of simple motion. The ether 
itself may be a compound body consisting of, or containing, 
all the elements of matter. 


Light. 


OPTICS. 

Having thus given a condensed sketch of the history of optical discovery from the earliest to the present times, we shall 
now proceed to the proper subject of this article. As the nature of this work requires that the subject be treated in a very 
popular manner, we shall pass briefly over those branches of Optics which are generally treated mathematically, and which 
occupy a prominent part in all ordinary treatises, and occupy our limited space with the more interesting departments of 
Chromatics, Physical Optics, the Double Refraction and Polarization of Light, the Explanation of Natural Phenomena, the 
Laws of Vision, and the Construction of Optical Instruments. 


INTRODUCTION. 

The ancients confounded the phenomena of vision with 
those of light, by supposing that when we see external 
objects something passes from the eye to the object. The 
phenomena of light, however, are totally independent of 
those of vision, and have a real existence in nature, whether 
we suppose them to be objects of vision or not. 

1. Light is the element by means of which we see ex- 
ternal bodies. These bodies may be divided, in reference 
to light, into two classes, self-luminous and non-luminous, 
or dark bodies. The first class includes the sun, the stars, 
flames of all kinds, and bodies which become luminous by 
friction, heat, and electrical and magnetical action. Such 
bodies become visible by the light which they themselves 
emit, and we then obtain a knowledge of their apparent 
form. The sun, for example, is seen to be round, and the 
flame of a candle to be of a conical shape. The second 
class of bodies, however, are never visible but when placed 
in the light of self-luminous bodies. It includes the moon 
and all the primary and secondary planets, of which we see 
only those portions upon which the sun’s light directly falls, 
and all the other objects upon our own globe. When we 
bring a lighted candle into a room, its light falls upon all 
the objects in the apartment, and they become visible. 
These bodies reflect or throw back the light of the candle, 
and they scatter it in all directions, because they are, gene- 
rally speaking, visible wherever we place our eye. But 
objects also b^ecome visible by the light thrown off by non- 
luminous bodies. When the moon has the form of a sharp 
crescent, we see the obscure part of her circular disc by the 
light thrown upon her from the earth, which is at that time 
almost fully illuminated by the sun. In like manner in the 
room lighted with a candle, objects are seen in corners and 
places upon which the light of the candle does not fall. 
These objects, however, are illuminated by the light of the 
candle thrown back by the white ceiling and walls of the 
apartment; and hence the reason why the ceilings of 


apartments should always be white, and why the walls should 
be as white as possible, if we wish to obtain the greatest 
quantity of light from a given flame.. 

2. The light thrown off from all bodies, whether self- 
luminous or non-luminous, if it has entered the body, is of 
the same colour as themselves. A red-hot body, ora stick 
of red sealing-wax, will make a sheet of white paper appear 
red if held near them. Light reflected from the surface of 
coloured bodies is white. 

3. But though coloured bodies throw off light of the 
same colour with themselves, bodies do not appear of the 
same colour as that of the light which falls upon them. 
All bodies which are white in white light appear of the 
same colour as that of the light which falls upon them ; 
but other bodies, such as red wax, appear red even in white 
light, a property which they derive from a peculiar struc- 
ture acting upon the different colours of which white light 
is composed. Bodies of this kind, when illuminated with 
lights of different colours, always appear brightest in light 
of the same colour which they exhibit in white light. Thus 
a stick of yellow wax is more luminous than a stick of red 
wax, but the yellow, wax will be less luminous than the red 
wax if we illuminate them both with red light. 

4. Bodies, in their relation to light, are divided into two 
classes — opaque and transparent. An opaque body is one 
that stops the light that falls upon it, such as a piece of 
coal, or a plate of silver ; and a transparent body is one 
which transmits the light through it, such as glass, water, 
and air. The most opaque body, however, may be made 
transparent by making it sufficiently thin, and the • most 
transparent one may become opaque by making it suffi- 
ciently thick. 

5. The opacity of bodies, or their power of intercepting 
light, gives rise to what is called the shadows of bodies. 
As the shadows of bodies are of the same form as the bodies, 
we thence deduce the fundamental optical fact, that light 
moves in straight lines. The same fact may be proved in 
a thousand ways, but most simply by placing three small 


1 See Professor Forbes’ Dmenation, art. 569. 


s See Comptes Rendusj &c., 1st March 1858, tom. xlvi., p. 448. 
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Introduc- holes in a straight line. In this case the light will pass 
tion. through them, but if any one of them deviates from the 
straight line, the light will be stopped. The same thing is 
finely seen, without any experiment, by admitting light into 
a dark room through a narrow circular aperture.^ Its patli, 
marked out by the floating dust which it illuminates, will 
be seen to be a straight line. 

6. Light issues or radiates in every direction and from 
every pmnt in the surface of luminous and visible bodies. 
This fact is proved by the circumstance, that we see such 
bodies wherever we place our eye. However much we 
may magnify the bright part of the sun’s disc through a 
telescope, or a sheet of white paper through a microscope, 
we shall never see any points destitute of light. 

7. Light consists of separate and independent parts^ 
which, when reduced to the smallest magnitude, are called 
rays of light, A beam of light transmitted into a dark 
room may be actually divided into smaller portions in a 
variety of ways. The smallest portion that we can allow 
to pass may be called a ray of light, and possesses the same 
properties as the larger beam. 

8. Light moves at the rale of 1 92,000 miles in a second. 
This extraordinary property of light has been deduced by 
direct calculation from the immersions and emersions in 
eclipses of Jupiter’s satellites, which become visible to us 
nearly a quarter of an hour earlier when the earth is nearest 
Jupiter than when it is farthest from that planet. The 
exact velocity of light obtained in this manner is 192,500 
miles in a second ; whereas Dr Brinkley and M. Struve 
have found it to be 191,515 miles in a second, from the 
phenomena of aberration ; or 191,500, if we take 20"*36, 
which is the most recent measure of the constant of aber- 
ration.^ This last determination is undoubtedly the most 
correct. 

By a beautiful experiment, M. Fizeau has recently found 
that the velocity of the light of a lamp is 196,000 miles. 

The velocity with which light travels is so inconceivable, 
that we require to make it intelligible by some illustrations. 

It moves from the sun to the earth in 7-^ minutes, whereas 
a cannon-ball fired from the earth would require seventeen 
years to reach the sun. 

Light moves through a space equal to the circumference 
of the earth, or about 25,000 miles in about the eighth part 
of a second. The swiftest bird would require three weeks 
to perform this journey. 

Light would demonstrably require five years to move 
from the nearest fixed star to the earth, and probably many 
thousand years from the most remote star seen by the tele- 
scope. Hence if a remote visible star had been created at 
the time of the creation of man, it may not yet have be- 
come visible to our system. 

9. When light falls upon any body, whether rough or 
smooth, coloured or uncoloured, a part of the incident light 
enters the body, and is either lost within it or transmitted 
through it ; and part of it is reflected from its surface, either 
in the same or in a different direction from that in which it 
came. The light which enters the body and is lost, the 
light which is transmitted through the body, and the light 
which is reflected from it, suffer certain changes in its 
direction and in its physical properties. It belongs to the 
geometrical or mathematical part of optics to assign the 
laws which regulate the change of direction which light 
experiences when it is transmitted through, or reflected 
from bodies whose density is uniform, and whose surfaces 
have a geometrical form ; and to physical optics, to explmn 
the changes in the physical properties which light acquires 
in passing through bodies, in passing near them, or in being 
reflected from their surfaces. 


The laws which regulate the reflection of light constitute Catoptrics, 
that branch of optics which is called Catoptrics, and the 
laws which regulate the changes of deviation which light 
experiences when transmitted through bodies is called 
jDioptrics. 

Part L—CATOPTEICS, OR THE REFLECTION 
OF LIGHT. 

The word catoptrics (derived from the Greek words Kara, 
from, and oirro/xat, to see) signifies that department of optics Catoptrics, 
which treats of the reflection of light from the polished and 
regularly-formed surfaces of bodies, such as water, glassy 
and the metals. 

The name of speculum or mirror has commonly been 
given to bodies that have regularly-formed and highly- 
polished surfaces. The word speculum is generally applied 
to polished metals, and mirrors to reflectors made of glass 
and covered with an amalgam of tin and mercury, or with 
a coating of pure silver, in order to increase their power 
of reflecting light. 

There are four kinds of specula used in optics, namely, 
plane, convex, concave, and cylindrical, and when light falls 
upon any of these specula, which we shall always consider 
to be formed of polished metal, it is reflected according to 
the same law. 

General Law of Reflection, 

Let AD (fig. 2) be a ray of light which falls upon a 
plane speculum MN, and strikes it 
at the point D, this ray will be 
driven back in the direction DB, 
so inclined to the original ray AD, 
that if we raise from the point D a 
line DE perpendicular to MN, the 
angle BDE will be equal to the 
angle ADE. The ray AD is called the incident ray, DB 
the reflected ray, ADE the angle of incidence, and DBE 
the angle of reflection. The two rays AD, DB, and the 
perpendicular DE, all lie in the same plane AEBD. This 
plane is sometimes called the plane of incidence, and some- 
times the plane of reflection, and it is always at right angles 
to the reflecting surface MN. 

When the reflecting surface is concave, as MN in fig. 3, 
and is part of a sphere, whose centre 
is C, a ray of light AD, falling upon 
any point D, will be reflected in a 
direction DB, so as to form the same 
angle BDC, with a line CD drawn 
from the centre of the sphere to the 
point of incidence D, that the inci- 
dent ray AD does, viz., the angle 
ADC. In this case the line DC is perpendicular to the 
reflecting surface at D. 

When the speculum is convex, as in « 

fig. 4, and C the centre of its spherical 
surface, then if we draw CE, passing 
through any point D of the spherical 
surface MN, any ray of light AD, inci- 
dent at D, will, after reflection, take a 
direction DB, having the same inclination 
BDE to DE that the incident ray AD 
has. In this case also the prolonged ra- 
dius of curvature CE is perpendicular to 
the surface MN at D. 

When the surface is cylindrical, the form of the reflecting 
line, or the line lying in the plane of reflection, is a circle 
in one direction, a straight lipe in another, and an ellipse 



Fig. 2. 



Fig. 8. 



^ See Aberration, vol. ii. 
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Catoptrics, in all intermediate ones ; but in every case the reflected 
ray will take such a direction that the angle which it 
forms with a line perpendicular to a plane touching the 
cylinder at the point where the ray strikes it, will be equal to 
the angle which the incident ray forms with the same per- 
pendicular. This is true of all curved surfaces whatever. 

The results now stated have been established by direct 
experiment for all inclinations of the incident ray ; so that 
it is a law universally true, that in the reflection of light 
the angle of incidence is equal to the angle of reflection^ 
Hence it follows that when the incident ray is perpendicular 
to any surface, it is reflected back in the direction in which 
it came ; and when the incident ray is parallel to the re- 
flecting surface (when plane), or is inclined 90° to it, it will 
pass on without suffering any change in its direction. 

By means of the law of reflection we can easily deter- 
mine, even without any calculation, the effects produced 
upon light by specula and mirrors, and the shape, and mag- 
nitude, and position of the images of all objects seen by 
reflection from them. These effects we shall now proceed 
to consider in their order. 

Definitions. — Parallel rays are those which are parallel 
or equidistant, as AD, AD' (fig. 5). 

Diverging rays are those which issue or diverge from 
a point, and separate from each other, forming an angle, as 
AD, AD', AD" (fig. 6). 

' Converging rays are those which converge to a point, or 
approach to one another, as AD, A'D', A"I)" (fig. 7). 

SecU L — On the Reflection of Rats from Plane, 
Concave, and Convex Mirrors. 

Reflection from Plane Mirrors. 

Reflection of Parallel Rays. — When parallel rays AD, 
A' D' fall upon a plain speculum MN at the points D, D', they 
will preserve their paral- 
lelism after reflection. 

Drawing the perpendi- 
culars DE, D'E', make 
the angles of reflection 
EDB, E'D'B' equal to 
the angles of incidence 

ADE, AD'E', and it will be found that DB is parallel to 
D'B.' If the space between AD, A'D' be supposed to be 
filled up with other rays parallel to AD, the space between 
DB and D'B' will also be filled up with parallel rays. 
Hence a beam of parallel rays ADD'A' will be reflected 
into the parallel beam BDD'B', the latter being the same 
as the former, but inverted. If the inverted beam suffers 
another reflection from another mirror, parallel to MN, it 
will be restored to a position exactly parallel to ADD'A, 
and no longer inverted. 

Reflection of Diverging When diverging rays, 

AD, AD', AD", fall upon a speculum MN, they will be 
reflected in directions 
DB, D'B', D"B", 

found by making the 
angles BDE, B^D'E', 

B"D"E" respectively 
equal to ADE, AD'E', 

AD"E"; and the re- 
flected rays being con- 
tinued back till they 
meet, they will be 
found to meet at a 
point A', so that the line A A is at right angles to MN, 
and AN equal to AN. Hence the rays will have the same 
divergency after reflection as before it, and as if they came 
from A, the reflected beam being inverted, as in the pre- 
ceding case. 

VOL. XVI. 




Reflection of Converging Rays. — When converging rays Catoptrics. 
AD, A'D' A"D", fall 
upon a speculum MN, 
they will converge 
after reflection to a 
point B', so situated 
that if BB' is at right 
angles to MN, B'M 
will be equal to BM. 

The reflected rays, 

DB', D'B', D"B', will 

be found by making rig. 7. 

the angles EDB', E'D'B', E"D"B', respectively equal to 
the angles of incidence, ADE, AD'E', A"D"E". 



Reflection from Concave Mirrors. 

Reflection of Parallel Rays. — Let MN (fig, 8) be a 
concave mirror whose centre of concavity is C, and let 
parallel rays, AD, A'D', 

A'D", fall upon the 
mirror, the central ray 
AD passing through 
the centre C. From 
C draw the lines CD', 

CD". Then since CD' 
is perpendicular to the s* 

mirror at D', the ray A'D' will be reflected in the direc- 
tion D'F, so that the angle of reflection CD'F is equal to 
the angle of incidence CD' A. In like manner, the ray 
A"D" will be reflected to F, and the central ray AD will be 
reflected back to F also ; all intermediate rays being like- 
wise reflected to F. 

If the curvature of MN is not deep, and if the points 
D', D" are taken near D, it will be found by making the 
angles of reflection equal to the angles of incidence, that 
the rays all meet accurately at F, which is called the focus 
of the mirror for parallel rays, or its principal focus. This 
focus is in all mirrors exactly half-way between the centre 
C and the surface of the mirror. 

The point F derives its name of focus from its being the * 
burning point of a mirror, or the point where the parallel 
rays issuing from the sun are most condensed, and therefore 
occasion the most powerful heat. 

Reflection of Diverging Rays. — Let AD, AD', AD" (fig. 
9) be diverging rays issuing from A and falling upon the 



mirror MN, whose centre is C, and principal focus O. 
Then if we make the angles of reflection equal to the angles 
of incidence, as in the last case, we shall find that the rays 
will be reflected to a point F, between the centre C of the 
mirror, and its principal focus 0. If the radiant point A is 
removed from the mirror, and the rays fall on the same 
points of it, it is manifest that the incident rays will be re- 
moved farther from the perpendiculars CD', CD" ; and con- 
sequently the reflected rays which meet at F will also be 
removed farther from them. Hence F will approach to O ; 
and when A is infinitely distant, and the rays parallel, F 
will coincide with O. But if A approaches to the mirror, 
the incident rays will approach to the perpendiculars ; and 
as the reflected rays will do the same, their point of con- 
course F will approach to C. When A reaches C, the 
focus F will also reach C, and the reflected ray will coincide 
with the incident ray. 
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Catoptrics. If A Still advances towards the mirror, the incident rays 
will get within the perpendicular, and therefore the reflected 
rays will be without it, and their point of concourse F will 
advance fi'om C outwards* in proportion as the radiant point 
advances from C inwards. When A reaches the principal 
focus 0, the reflected rays will be parallel, as seen in fig. 8; 
and when A comes still nearer the mirror, the reflected 
rays will diverge, as if they proceeded from some point be- 
hind the mirror, this point being called the virtual or ima- 
ginary of such rays. 

In all the preceding cases the point A, from which the 
rays issue, and the point F, where they are collected by 
reflection, are called conjugate foci^ because if we make A 
the radiant point, F will be the focus ; if we make F the 
radiant point, A will be the focus. 

The conjugate foci of a concave mirror may be easily 
found by projection. The following rule will give the focus 
more accurately when the rays A'D'', A"D" are not far from 
the central one AD. Multiply the distance of the radiant 
point from the mirror, or AD, by the radius CD, and divide 
this product by the difference between double the distance 
AD and the radius CD, and the quotient will be the conju- 
gate focal distance required, or FD. If twice AD is less than 
CD, the conjugate focal point will not be before the mirror, 
but behind it, the focus being in that case a virtual one. 

Reflection of Converging Rays. — liet AD, A'D', A"D" 
(fig. 10) be rays converging to a point a behind the mirror 



Pig. 10. 


Refl.ection of Diverging Rays. — If we suppose the rays Catoptrics. 
AA'A" to diverge from any point in the line or axis AD, 
they will recede from CE, CE' ; consequently the reflected 
rays D'B', D"B' will recede also ; that is, will become more 
divergent, as if they came from a focus between F and D, 
the virtual focus approaching to D as the radiant point A 
approaches to D. 

Reflection of Converging Rays. — In like manner, if the 
rays AA'A'^ widen at A — that is, converge to some point 
behind the mirror MN — they will approach to CE and CE', 
so that the reflected rays D'B, D"B" will also approach to 
CE, CE', and consequently diverge less, or have their virtual 
focus between F and C. When the converging rays coin- 
cide with CE, CE', they will be reflected back in the direc- 
tion in which they came, having C for their virtual focus. 

When the converging rays pass CE, CE', the reflected rays 
will also pass to the opposite side, and converge less after 
reflection, having their virtual focus beyond C. When they 
converge to F, the reflected rays will be parallel, as in fig. 

11, where we may suppose BD', B'D^^ the incident, and 
D'A', D"A" the reflected rays. When the rays converge 
to a point between F and D, the reflected rays will con- 
verge to a point in the axis ; and as the point of convergency 
of the incident rays approaches to F on the one side, the 
point of convergency of the reflected rays will approach to 
it on the other. 

It would have been easy, by the simplest elements of 
geometry, to have demonstrated the preceding truths ; but 
the demonstration would have been rigorous only when the 
rays fell upon the mirror at points infinitely near D in the 
axis AD. By finding from projection the foci of rays of 
all kinds, and falling upon the mirror at all degrees of 
obliquity, the reader will acquire more substantial knowledge 
of the subject than he can do either from geometrical or 
algebraic demonstrations. The same observation is appli- 
cable to the results obtained in the following section. 


MN, whose centre is C, Having drawn CD' and CD", 
make the angles of reflection CB f CDy respectively equal 
to the angles of incidence A'D'C, A"D"C; and D^ Dywill 
be the reflected rays having their focus at /, between the 
mirror and its principal focus F, If the point of conver- 
gence a of the rays, or the conjugate focus, approaches to 
the mirror, the other conjugate focus / will also approacli to 
it ; and if it recedes from the mirror, the focus / will also 
recede, reaching F when a is infinitely distant, in which 
case A'D', A"D" are parallel, as in fig. 8. The following is 
the rule for finding the conjugate foci when one of them is 
given : — 


Sect. II . — On the Formation of Images bt Apertures, 
AND BY Plane, Concate, Convex, and Cylindrical 
Mirrors. 

Formation of Images hy Apertures. — In optics an image 
is a luminous resemblance or picture of any object what- 
ever, formed either on a white ground, such as a sheet of 
paper, or seen through ground glass, or suspended in the air. 

In order to understand how images are formed, let us 
suppose that a soldier is standing on the outside of an open 
window (fig. 12), with a red coat and blue trousers^ strongly 


Multiply the distance of the point of convergence from 
the mirror, or «D, by the radius of the mirror, or CD, and 
divide this product by the sum of double the distance aD 
and the radius CD, and the quotient will be the conjugate 
focal distance required — namely, /D — the focus/ being in 
front of the mirror. 

Reflection from Convex Mirrors. 

Reflection of Parallel Rays. — Let parallel rays AD, 

(%• II) be incident upon the convex mirror 
MN, whose centre « 

is C. Draw the 
perpendiculars CE, ^ 

CE'passingthrough illuminated by the sun. The white wall WW opposite the 

D' and D", and \m~ ^ window is illuminated by all the light which enters the 

making the angles I window, the blue light of the sky, the green foliage, the red 

ED'B, ^ trowsers, so that it has no distinct colour, 

E D B equal to the but a mixture of all these. If we close the shutters SS, so as 

I’ig* iL 

A D E, A D E ; the coat and the blue light of the trowsers, it will be illuminated 

reflected rays will be D'B, D"B', whose virtual focus F is ‘ only by a mixture of red and blue light. But if we close 
oenmd the mirror, and so situated that FD is equal to FC* the shutters completely, and leave only a small hole A, about 
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Catoptrics, half an inch in diameter, then it is obvious that the red 
rays at and below R, passing through the hole A, will 
illuminate the opposite wall at and above r with red light, 
and the blue rays the opposite point at and below b with 
blue light ; and that no red light can fall upon and no 
blue light upon r^ Hence we shall have the red body of 
the soldier rudely shadowed out at and above r, and his blue 
legs at and below 6, this small image being inverted, because 
the rays from the upper part of his body fall upon the lower 
part of the wall, and the rays from the lower part of his body 
upon the upper part of the wall. If w^e make the hole A 
smaller and smaller, the inverted image of the soldier will 
become more and more distinct, the colours will be better 
separated, and the picture may be made so distinct, that the 
features of the individual could be recognised. Now this 
separation of the various lights that at first fell upon the wall 
is effected solely by diminishing the aperture through 
which they pass ; for if the aperture is exceedingly small, 
then as two rays cannot proceed from the same point of the 
object, they cannot fall upon or illuminate the same point of 
the image, and hence each point of the object is represented 
on the wall by the colour of the light which it throws out. 

As the coloured rays from the soldier are thrown offT in 
all directions, an inverted image of that soldier may be 
formed in any part of space, by excluding all the other 
rays except those which pass through a small aperture. It 
is manifest, from a simple inspection of fig. 12, that the 
size of the inverted image will diminish not only with the 
distance of the aperture from the soldier, but also with the 
distance of the wall WW from the aperture. 

Formation of Images by Concave Mirrors. — The effect 
of a concave mirror in forming an image is the same as that 
of an aperture, but it produces a finer effect, and acts upon 
a different principle. 





Let AB (fig. 13) be a concave mirror, C its centre, and 
MN an object placed before it. Of all the rays which flow 
from every part of this object in every direction, we shall 
consider only those which issue from its extremities M,N. 
The rays from M radiate in every direction, but those which 
fall upon the mirror, namely, the pencil or cone MAB, are 
the only ones which require our notice. This pencil of 
diverging rays will have its focus at a point m farther from 
the mirror than its principal focus, and in like manner the 
pencil NAB will have its focus at some point pencils 
intermediate between M and N having their foci at points 
intermediate between m and n. These points may be found 
by projection, as already described, or by the rule given for 
diverging rays. 

The image mn is obviously an inverted picture of the 
object MN, and its size is to that of the object as the dis- 
tance of the image from the mirror is to the distance of the 
object from it, that is, as nA. is to NA, as may be found 
from projection, or from an experimental measurement of 
the distance, when a mirror is actually used. 


From the doctrine of reflected diverging rays it follows. Catoptrics* 
and may be proved by projection, that as the object MN 
approaches to the mirror, the image mn will recede from 
the mirror, till the object and image meet one another at 
the centre C, where they will have the same size. If MN 
still moves towards the mirror within C, the image mn will 
move outwards beyond C, and the image will now be 
larger than the object. If the object comes to the place 
mn^ and is of the same size as mw, the image of it will be 
formed at MN, and will have the same size as MN. If the 
object goes still nearer the mirror, the image will go still 
farther off than MN, increasing in size. When the object 
reaches the principal focus half-way between C and D, the 
image will be infinitely distant ; and when the object goes 
still nearer the mirror, as in fig. 14, where it is placed at 
MN, between the principal focus F and the mirror AB, 



Fig. 14. 


the rays will diverge in front of the mirror, and form an in- 
verted virtual image^ mn, behind the mirror. As tlie image 
MN approaches the mirror, the virtual image mn also ap- 
proaches to it. 

If we take a concave mirror of some size, and place 
before it any highly luminous or strongly-illuminated object, 
such as a plaster-of-Paris cast, we may obtain an interest- 
ing experimental proof of the preceding results. When the 
image is formed in front of the mirror, it will appear sus- 
pended in the air, and the effect of this will be greatly 
heightened if it is received on a cloud of thin blue smoke 
raised from a chafing-dish below the place of the image. 
By considering that as the object moves from MN to C 
(fig. 13), the image mn advances to C, we obtain an explana- 
planation of the celebrated experiment with the dagger, in 
which a person with a drawn dagger striking at the mirror, 
is met by another person, viz., his own image, returning the 
stroke. 

If the object MN is the sun, a small image of his disc 
will be formed at mn, in which are collected all the rays of 
light which fall upon the surface of the mirror. It will 
therefore have such a degree of heat as to melt even the 
hardest gems and metals. Such a mirror is called a burn- 
ing mirror, from its effects. (See Bukning Glasses.) 

Formation of Images by Convex Mirrors, — As convex 
mirrors often form a part of household furniture, we are 
more familiar with their properties. They always form 
erect images of objects, which appear at a distance behind 
them. If AB (fig. 15) is a convex mirror whose centre is C, and 
principal focus F, and MN an object placed before it, it is 
obvious, from our description of fig. 11, that the diverging 
pencils MAB, NBA will diverge more after reflection, as 
if they came from virtual foci mn behind the mirror, so that 
our eye receiving such diverging rays will see an erect 
image mn of the object MN placed behind the mirror, and 
between F, its principal focus, and D. If MN approaches to 
AB, mn will approach it also, and if MN recedes from the 



556 


OPT 


Catoptrics, mirrox', mn will also recede from it, their relative sizes vary- 
ing as their distances. When the object touches the mirror, 



Fig. 15. 


Kaleido- 

scope. 



Fig. 16. 


the image also touches it, and they are then exactly of the 
same size. 

Formation of Images by Plane Mirrors, — Every person 
is familiar with the effects of a plane mirror, or looking- 
glass. The image of any object 
placed before it is seen behind it 
of the same size, in the same po- 
sition, and at the same distance 
from the mirror. In order to un- 
derstand this, let AB (fig. 16) be 
the mirror, MN the object, and 
E the eye of the observer, situ- 
ated in any given position. Rays 
from M and N fall upon every 
part of the mirror, but MC, MD 
are the only ones from M vrhich 
can reach the eye E, as all the rest are reflected either 
above or below the eye E. In like manner, the rays NF, 
NG are the only ones from N which can enter the eye. 
The extremity M of the object will therefore be seen in 
the direction 'Em, and the concourse or virtual focus of the 
reflected rays will, as shown in fig. 7, be at a point so 
situated, that if MAwi is at right angles to the mirror, Am 
will be equal to AM. For the same reason, the point N 
will be seen at w, as far behind the mirror as N is before 
't ; and it is obvious, from the parallelism of Mm and Nm, 
and the equality of the distance of the points M, m, and 
N, w, from AB, that mn is equal to MN. 

If two plane mirrors are inclined to each other, as 
AC, BC (fig. 17), and an object MN placed between 
them, an eye situated so as to receive the 
reflected rays, will see a series of images 
of MN all arranged symmetrically. Be- 
hind AC, for example, an image mn will 
be formed, and behind BC another image 
M'N'. But as the rays which form these 
• images again fall upon the mirrors, we 
shall see images of mn and M'N' formed 
by AC and BC; thus mn will be the 
image of mn formed by BC, and M"N" an image of M'N' 
formed by AC. In like manner, mn will be the image of 
mn formed by AC, and the image of M"N" formed by BC 
will also lie upon mn\ so that we shall have two images at 
m'w" overlapping each other, and forming one exactly, if the 
angle ACB is exactly one-sixth part of 360°, or 60° ; but if 
it is not, the compound image wz'V' wdll be seen double and 
imperfect. The five images above described, reckoning the 
double one at wi'V' as only one, will, together with the ob- 
ject MN, to which all the images are equal and similar, consti- 
tute a perfect equilateral triangle ; so that if MN is a coloured 
. and an irregular object, the symmetrical figure composed by 
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it, and all its images, will be highly beautiful and agreeable Dioptrics, 
to the eye. If MN, in place of being perpendicular to the 
mirror BC, had been inclined to it, no pair of images would 
have formed a straight line, as in the figure, and the com- 
bination would have been more beautiful. This is the 
principle of the kaleidoscope^ in as far as the multiplication 
and arrangement of the images is concerned ; but this in- 
strument has already been so admirably described by an 
eminent writer in our article Kaleidoscope, that we must 
refer the reader to it for farther information. 

Formation of Images by Cylindrical Mirrors, — It is not Cylindrical 
easy, in a diagram, to represent the progress of rays in the mirrors, 
formation of an image by a cylindrical mirror. As a cylin- 
der is in one direction a plane mirror, in another a convex 
mirror, and in all others an elliptical one, the eccentricity of 
the ellipse passing through all degrees, from a circle to a 
straight line, different parts of a regular figure presented to 
such a mirror will appear of different sizes, and at different 
distances behind it. Part of the figure will have the same 
form and position as in a plane mirror, part as in a convex 
mirror, and the other parts of the image will have interme- 
diate sizes and positions. Hence the image will be com- 
pletely distorted. If the mirror is placed horizontally, the 
human face will appear of the right size from ear to ear, 
but contracted, as in a convex speculum, from brow to chin. 

Hence, if a distorted picture is properly drawn, and properly 
presented to the mirror — that is, if the cylinder is placed 
vertically before the picture — the image of the distorted pic- 
ture will be rectified ; the length between the ears will be 
contracted into the same proportional size as the shortness 
between the brow and the chin, and their shortness will 
remain unaffected. Such a distorted picture will be after- 
wards represented in the part of this article on Optical 
Instruments. 

In this section the objects are supposed to be lines, or 
surfaces composed of lines. But if the objects are solids, 
such as the human figure, or other bodies whose parts are at 
different distances from the mirror, the images of such ob- 
jects are different from the images of the same objects seen 
by the eye, when the diameters of the mirrors exceed that of 
the pupil of the eye. This subject, which is of the highest 
importance in photography, will be treated in part ii., sect. 4. 

Paet II.— DIOPTRICS, OR THE REFRACTION OF 
LIGHT. 

Dioptrics (from Sta, through^ and oTTTOfiat, to see) is that 
branch of optics which treats of the passage of light through 
transparent bodies, and, consequently, of the changes which 
it experiences in entering and quitting such bodies. 

Sect, L — On the Refraction of Light. 

If we hold a drop of pure water or an irregular piece of 
clear glass in the sun’s rays, each will have a sort of shadow 
like opaque bodies. Hence it follows that light has not 
passed freely through them, and must therefore liave 
suffered some change in its direction, either whiie entering 
these bodies, or passing through them, or emerging from 
them. The change which it has suffered is called refrac- 
tion, and the nature of this change will be discovered by 
observing the effects produced upon light by transparent 
bodies whose surface is flat and regular. 

For this purpose let AB (fig. 18) be the surface of water 
in a vessel, and RC a ray or pencil of light proceeding 
from a candle or from the sun, through a small hole, and 
falling upon the water at C, Part of this light will be 
reflected in the direction Cr, so that the angle rCP is 
equal to RCP, PQ being a line perpendicular to the water 
at C ; but the greater part of the light will enter the water 
at C, and in place of going straight on to e, it will be bent 
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Dioptrics, or refracted at C, or the ray Re will be broken back at 
C, and proceed in a straight 
line to E. Drawing a circle 
PAQB round C as a centre, 
and from the point E, where the 
refracted ray cuts it, drawing 
EK parallel to PQ, it was found 
by Snellius that CD was to CE 
or as 3 to 4 ; and we have 
shown in the “ history of optics,” 
that if Rf and EF are drawn 
perpendicular to PQ, CD is to 
Ce as EF is to But is 
the sine of the angle of incidence RCP, and EF is the 
sine of the angle ECQ, which is called the angle of re- 
fraction* Now, Snellius discovered, by numerous experi- 
ments, that whatever was the magnitude of the angle of 
incidence RCP, the magnitude of the angle of refraction 
was such that CD was to Ca as 3 to 4, or in a constant ratio. 
Hence it follow^s, that the sines of the angles of incidence 
and refraction and EF, are, in the case of water, in the 
constant ratio of 4 to 3. 

Snellius did not mention the constant ratio of the sines^ 
but merely the constant ratio of CD and Ce, which is the 
same thing ; and he preferred the use of that ratio for the 
following reason : — When a luminous body is placed at E 
below water, and its light passes through a small aperture 
at C, it is found to be refracted or bent into the direction 
CR, so as to be seen by an eye at R, in the direction R<?, 
elevated from E to D. 

As the incident ray RC approaches to the perpendicular 
PQ, the refracted ray CE approaches also to the perpendi- 
cular, and CD becomes less and less, and when RC coin- 
cides with PC, or when the ray is incident perpendicularly, 
the refracted ray CE will coincide with CQ, or the inci- 
dent ray will suffer no refraction at C. When the angle of 
incidence RCP increases, and RC approaches to the sur- 
face of the water CB, the angle of refraction ECQ will also 
increase, the line CD will increase, and the refracted ray 
approach also to the surface CA, and when RC coincides 
with BC, Ce will coincide with CA, and no light whatever 
will enter the water, but it will all be reflected. When Ce 
coincides with C A, CD will be 3, and D will coincide with K. 

Such are the phenomena and 
law of refraction w'hen light passes 
from a rare medium such as air, 
into a dense medium such as 
water, the ray being always re- 
fracted totvards th e perpendicular, 
according to the fixed law already 
described. Let us now suppose, 
that the ray of light passes from 
a dense medium, such as w’ater, 
placed above AB (fig. 19), into a 
rare medium, such as air placed 
below AB, and let PQ be a perpendicular to the surface 
of the water at C. It is found by experiment that the ray 
neither goes straight on to e, nor is refracted towards the 
perpendicular as before, but is refracted from the perpen- 
dicular into the direction CE ; so that, if the line KED is 
drawn through E, parallel to PQ, and cutting the original 
direction of the ray Re prolonged, in the point D, CD will 
*be to CE or Ce, as 4 to 3, and in a constant ratio, or 
the sine of the angle of incidence will be to EF the sine of 
the angle of refraction in the constant ratio of 4 to 3. When 
the ray RC coincides with PC, so that the angle of inci- 
dence is nothing, the angle of refraction will also be nothing, 
and the refracted ray CE will coincide with CQ, the inci- 
dent ray having gone straight on without experiencing any 
refraction ; but when the angle of incidence increases, and 
RC approaches towards BC, the refracted ray CE will ap- 






Fig. 20. 


proach to CA, which it will reach long before R reaches Dioptrics. 

B. When CE reaches CA, the ray RC will no longer 
emerge from the water into the air, but will suffer total re- 
jection at C ; and at every angle of incidence beyond that 
at which this total reflection commences, the light will 
continue to be totally reflected till RC coincides with RB. 

If we repeat all the above experiments with plate or 
crown glass, in place of water, we shall find the very same 
phenomena reproduced, with the difference onl)^, that the 
constant ratio of CD to Ce, or of the sines to EF, in 
place of being as 3 to 4 in one case (see fig. 18), and 4 to 
3 in the other (see fig. 19), will be as 2 to 3, and as 3 to 2 ; 
or in the case of water the ratio will be as 1 to 1*333, and 
in glass as 1 to 1*500. The number 1*333 is called the 
index of refraction for water, 
and 1*500 the index of re- 
fraction for glcLSs, In like ^ 
manner, it is found that the 
index of refraction for ta- 
hasheer is 1*111, being less*^ 
than that for water; for flint 
glass 1*600, for diamond 
2*500, and for chromate of 
lead about 3*00. Hence it 
follows, that bodies refract 
light in different degrees, 
measured by their indices 
of refraction. In order to 
have an ocular representa- 
tion of the different degrees 
of refraction, we have drawn 

in fig. 20 the different refracted rays, corresponding to a 
given incident ray RC, supposing the surface AB to be 
first air (the medium above it being a vacuum), then 
tabasheer, then water, then flint-glass, then diamond, and, 
lastly, chromate of lead. 

When the index of refraction of any body is known, we 
can easily ascertain the progress of a ray of light which falls 
upon such a body, and its direction after quitting the body. 

The following example of this we shall give for plate-glass. 

Let AB (fig. 21) be the surface 
of a piece of plate-glass whose 
index or ratio of refraction is as 
2 to 3, or as 1 to 1*50, and let 
a ray of light RC fall upon it at 

C. Prolong RC to e, and upon 
a scale of equal parts take in the 
compasses CD, equal to 10 of 
these parts, and Ce equal to 15, 
or CD equal to 2, and Ce to 3 
parts. Upon C as a centre, with 
the radius Ce, describe the semi- 
circle AeB, and through D draw KDE, perpendicular to 
AB, and meeting the semicircle in E ; join CE, and CE 
will be the refracted ray. When the ray passes from a 
denser to a rarer medium, as in fig. 19, Ce is made equal to 
10, and CD to 15, and KD being drawn perpendicular to 
AB, and a line drawn fi*om C to the point E, where DK 
cuts the circle, CE will be the refracted ray. This method 
is obviously much more simple and elegant than when 
we use the sines of the angles. When E and K coincide 
with A (fig. 19), DK becomes a tangent to the circle at 
A, and the light suffers total reflection. 

If the preceding experiments are repeated with various 
solids and fluids, it will be found that the same law of re- 
fraction takes place with all of them ; the index of refraction 
varying more or less in each ; the refractive power being 
least in the gases, and less in fluids, generally speaking, 
than in solids, as will be seen in the following table of re- 
fractive powers, collected from various authors, and deter- 
mined by methods possessing various degrees of accuracy. 
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Table of the Refractive Powers of Gases ^ Fluids ^ and Solids.^ 


Index of Refraction. 

Avacutun 1*0000 

GASES.® 

Hydrogen .,..1*000138 

Oxygen 1*000272 

Atmospheric air 1*000294 

Azote 1*000300 

Nitrous gas 1*000303 

Carbonic oxide 1*000340 

Ammonia 1*000385 

Carburetted hydrogen 1*000443 

Carbonic acid 1*000449 

Muriatic acid 1*000449 

Hydrocyanic acid 1*000451 

Nitrous oxide 1*000503 

Sulphuretted hydrogen 1*000644 

Sulphurous acid 1*000665 

Olefiant gas 1*000678 

Chlorine 1*000779 

Protophosphuretted hydro- 
gen 1*000789 

Cyanogen 1*000834 

Muriatic ether 1*001095 

Phosgene 1*001159 

Vapour of sulphuret of car- 
bon 1*001500 

Vapour of sulphuric ether, 

(boiling point at 35*^ cen- 
tig.) 1*001530 

All the preceding observations were made 
by M. Dulong, excepting that on atmosphe- 
ric air, -which we owe to M. Biot. 

FLUIDS and soft SOLIDS. 

Ether expanded by heat to 

thrice its volume ..1*0570 Br. 

Volatile newfluid discovered 
by Sir D. Brewster in ca- 
vities in topaz (Brcu/s- 

toline) 1*1311 Br. 

Volatile newfluid discovered 
by SirD. Brewster in ame- 
thyst, at 83^° Fahr. (awie- 

thifstoline) 1*2106 Br. 

Second new fluid discovered 
by Sir D.Brewsterin topaz 1*2047 Br. 
Nitrous oxide, liqui- ( much less \ 
fled by pressure.... ( than water J ' 
Muriatic acid-y 

gas, do I nearly f much less*! « 

Carbonic acidj equal ^han water! 
gas, do J 

j f rather less-s 
Chlorine j . ® [ than water 1 

Cyanogen 1 ^ f perhaps less | * 

ure I than water J 

Do. do. do 1*316 Br. 

Sulphurous acid, liquified f same as I „ 

by pressure \ water J ’ 

f-N. 

Water 1*336 { W. 

iBr. 

„ fixed line E3 1*33585 Fr. 

Aqueous humour of the eye.. .1*3366 Br. 

„ „ of haddock. .1*341 Br. Y. 

{ 1*336 
1*3394 Br* 

„ „ lamb 1*345 \ 

„ pigeon 1*353 1 „ ^ 

Saliva 1*339 / 

Expectorated mucus 1*339 J 

Saltwater 1*343 Br. 


Index of Refraction. 
r 1*344 Eu. 

Vinegar, distilled -{ 1*372 

1 1*347 

Acetic acid 1*396 

Jelly-fish (Medusa cequorea) 1*345 
White of an egg 1*351 

» a hen’s do | 

Port wine 1*351 

Human blood 1*354 

Saturated solution of alum 

and water 1*356 

Oil of boxwood 1*356 


H. 

Br. Y. 
Br. 

Br. 
Eu. 
Br. Y. 
Br. 

Br. Y. 
Br. Y. 


f 1*358 
• 1 1*374 


He. 

Br. Y. 

W. 

Br. Y. 

W. 

Br. Y. 
Br. Y. 
Br. 

Br. Y. 
C. 

He. 

Br. 

Br. Y. 
C. 

He. 
Br. y. 
Br. 


Br. 

Br. y. 
Br, 

Br. Y. 


Ether 

Albumen 1*36 

Brandy 1*366 

Hum 1*360 

r V • 13*368 

Oil of ambergris K ^^*37 9 

Alcohol, sp. gr. 0*866 1*371 

/ 1*372 

„ rectified spirits. . . ■< 1*37 4 
1 1*377 

Saturated solution of salt 1*375 

{ 1*392 
1*391 

„ „ strong 1*401 

„ „ highly concen- 
trated 1*4098 Bi. 

Oil of wine 1*379 Br. 

Sweet spirit of nitre 1*384 He. 

Malic acid 1*395 

Pus 1*404 

XT*. /1'396 

Nitrous acid j 1-404 

Crystalline lens of man, outer 

coat 1*3767 ^ 

„ „ middle coat 1*3786 I Br. 

„ „ centre 1*3970 J 

Crystalline lens of lamb’s eye, 

outer coat 1*386 ^ 

„ „ middle coat 1*428 

„ „ centre 1*436 

Crystalline lens of pigeon.... 1*406 
„ „ haddock’s 

eye, outer coat 1*410 

„ „ centre 1*439 J 

f 1-880 1 „ 

Crystalline lens of the ox.. { 1*447 J 

1 1-463 Eu. 

Solution of potash, sp. gr. 

1*416; fixed line E 1*40563 Fr. 

f 1*410 Br.Y. 

Nitric acid, sp. gr. 1*48 .. < 1*410 

1 1*412 

Hydrate of soda, melted by 

heat 1*411 

Hydrophosphoric acid, do 1*423 

Phosphoric acid fluid 1*426 

Yolk of a fresh egg 1*428 

f 1*430 

Sulphuric acid, sp. gr. 1*7. < 1*435 

1 1*440 

Oil of rhue | 

Phosphorous acid 1*437 

Hydrophosphoric acid, cold. . .1*442 

Spermaceti, melted 1 1-444 

Oil of wax 1*452 

Oil of wormwood 1*453 

Oil of wormwood, boiling ...1*4416 M. 

Bees’ wax, melted 1*453 Br. Y. 

-J 


Index of Refraction. 


Oil of lavender , 


Br. Y. 


W. 

c. 

Br. Y. 
Br. Y. 
Br. 

Br. Y. 
He. 

W. 

Br. 

Br. 

Br. Y. 
Br. Y. 
Br. 

W. 

Br. Y. 

0. 

Br. 


Oil< 


Oil of rosemary . . . 
Oil of spermaceti., 


sp. gr. 


Oil of bergamot 

Oil of birch, distilled from 


Oil of dill-seed. . 


Oilc 


Oil of spearm; 
Oil of lemon.. 


Linseed oil, sp. gr. 


.1*4503 M. 

.1*542 

W. 

.1*457 

Br. 

1*457 

Br. 

1*467 

W. 

. 1*475 

Br. Y. 

.1*460 

W. 

.2*462 

Br. 

1*467 

Br. 

1*483 

Br. Y. 

‘ 1*468 

W. 

1*473 

Br.Y. 

“ 1*469 

Br. 

1*472 

Br. Y. 

' 1*470 

Br. 

1*473 

Br. y. 

( 1*470 

W. 

1*481 

Br. 

, 1*483 

Br.Y. 

..1*470 

W. 

f 1*475 

Br. 

1*476 

Br.Y. 

L 1*482 

C. 

f 1*476 

W. 

[ 1*486 

He. 

.. 1-47835 Fr. 

r 1*470 

Br. 

1*4705 He. 

[ 1*476 

Br.Y. 

f 1*471 

Br. 

[ 1*473 

Br.Y. 

f 1*470 

Br. y. 

1 1*471 


..1*471 

VBr. 

..1*473, 

1 

..1*474 

Br.Y. 

..1*480 

w. 

..1*475 

Br. 

..1*475 

Br.Y. 

..1*476 

W. 

/ 1*477 

Br. 

1 1*487 

Br. Y. 

/ 1*477 

Br. 

\ 1*486 

Br. Y. 

..1*478 

Br.Y. 

..1*483 

Br. 

..1*479 

Br.Y. 

J 1*481 

Br.Y. 

1 1*481 

Br. 

/ 1*490 

Br.Y. 

] 1*481 

Br. 

1*482 

Br. 

( 1*485 

Br.Y. 

< 1*482 

N. 

[ 1*485 

W. 

..1*487 

BrY. 

r 1*482 

Br. 




485 J 

Florence oil 1*490 

Oil of fenugreek | J'^gg 

Oil of hyssop I Ji^gg 

Windsor soap 1*487 

Nut oil, perhaps impure... | 
Tallow, cold 1*492 

{ 1 .4.Q0 

1*491 


Dioptric 


OU of juniper \ 1*482 ^ 

Train oil 1*491 j 

Oil of wormwood 1*485 ^Br. T. 

Castor oil 


Br. 

Br. 

Br.Y. 

Br. 

Br. Y. 

Br.Y. 

He. 

Br.Y. 

Br. Y. 

Br.Y. 

Br. 


^ In the above Table, the letter Waffixed to any index of refraction, indicates that the observation "was made by Newton ; H, Ilauks- 
bee; Eu, Euler; M, Malus; C, Cavallo’s table; JRu, Rudberg ; Bi, Biot; Po, Potter; Zeiher; Lx, Descloiseaux ; Bose, Boscovich; 
Er, Fraunhofer ; He, Sir John Herschei; F, Mr Faraday ; Hai, Haidinger; Mil, Miller; W, Wollaston; S, Senarmont; Au, Angstrom; 
Heu, Heusser; Br, Sir David Brewster ; and Br.Y, by Dr Young, who calculated the indices from Sir David Brewster’s observations. 

* Taken when the temperature was 32° Fahr., and the barometer at 29*922. 

3 The fixed line E is given in this Table for several substances, as it is in the green space and nearly the mean ray. 



— . . * Index of Refraction. 

Dioptrics. . J 1-490 Br. Y. 

Oil of marjoram | 2.-491 Br. 

rvM . / 1*491 Br.V. 

Oil of nutmeg 1 1*497 'W. 

^ f 1*491 Br.Y. 

Oil of angelica | 

Bees’ wax 1*507 1 v 

„ „ cold 1*492 

„ white waxj cold 1*535 ^Y. 

■o , ^ 11 , / 1*494 Br. Y. 

Balsam of sulphur i 1*497 Br 

Honey 1*495 Br. Y. 

Grass oil 1*496 Br. 

Treacle 1*500 W. 

Oil of beech nut 1*500 

( 1-500 \ 

Oil of rhodium < 1*505 J 

Uig^gjBr.Y. 

Spermaceti, cold | ^^.335 ^ 

( 1*503 \ _ „ 

Oil of pimento *! 1*510 J 

1 1-507 Br. 

^ ^ f 1*505 W. 

Oil of amber 1 1-5071,, ^ 

Bird lime 1*506 J-^^* ^* 

Oil of sweet fennel seeds. . • | 2-507 B^ Y 

T> , r ■ f 1*507 w‘. 

Balsam of capivi | Br. Y. 

f 1*528 W.* 

Canada balsam *{ 1*532 Br. Y. 

1 1-549 Br. 

Oil of cinnamon .1*508 Br. 

Oil of mace 1-519 1 t)„ v 

/ 1-522 1 ®''-^- 

Oil of sassafras / 1-536 w" 

I 1-544 Eu. 

Balsam of Gilead 1-629 Br. T. 

A-i ^ 1 f 1-535 W. 

Oil of cloves I I-539'I Br. Y. 

Oil of cashew nut 1*536 I Br. Y. 

^ f 1*536 1 Br. Y. 

Oil of anise seed | 

Petroleum 1*544 Br. Y. 

Oil of tobacco 1*547 Br. 

Balsam of styrax.. 1*584 Br. 

( 1*534 Eu. 

1*589 1 

1-604 i Br. Y. 
1-632/ 

Balsam of Peru, mean 1*600 1 

Essential oil of bitter almonds 1*603 J 

Oil of cassia < 1*641 i 

( 1*647 Isr. 

Sulphuret of carbon 1*678 J 

Muriate of antimony, vari- 
able, about 1*8 W. 


SOLIDS. 

Tabasheer from Vellore 1' 

„ „ Hagpore 1 ' 

}> ditto ......... 1 ' 

„ whitest kind P 


Ice. 


■li 


f Br. 


Cryolite | 

Sphene jS 1 *; 

Carbonate of potash, lowest 

refr p 

Hydrophane, dry, red ray....l* 
„ full of water... 1 * 
Gluten of wheat, dried., p 

Fluor spar | 


nil ^ 

1454 
1503 
1825 
•3085 J 
310 W, 

344 U, 

■349 J 
361 Mil. 

379 Br. 
382 1 ^ 

438 / ®* 

■426 Br.Y. 
433 W. 
436 Br. 


W. 

w. 

Br.Y. 


OPTICS- 

Index of Refraction. 
Quartz, melted, red rays...... 1*453 

Hyalite, red rays 1*465 

Alum 1*457 

- . / 1*458 

„ sp.gr. 1-714 

Sulphate of Magnesia | j.^gg | Br. 

Borax, sp. gr. 1-7149 | 

YlueUite 1-47 \V. 

Gum-arabic, sp. gr. 1*375 ....1*467 N. 

Gmelinite 1*474 | ^ 

Opal, partly hydrophanous... 1*479 j 
Arseniate of soda, least 1*479 j 


S. 

Br. 

W. 

Br.Y. 


greatest... 1*481 
Sulphate of ammonia and | 2*476 

magnesia j 

„ „ iS 1*483 

{1-496 

Sulphate of potash and 1 - 2*487 

manganese J ^ . 

„ nickel... iS 1*49051 
„ cobalt... /3 1*4655 )S. 
ammonia and nickel jS 1*499 j 
„ cobalt... jS 1*4925 1 

„ zinc jS 1*491 / 

Obsidian 1*488 ^ Br. 

Levo- and dextro-tartrate 1 , 


of potash and soda J 


>He. 




/3 red rays 1 i.-aggi 

/S green do. I 

Levo-tartrate of soda 1 « i 

and ammonia ] ^ 

Dextro „ „ jS 1*495 , 

Iceland spar, ext 1*488 W. 

ditto 1*4833 M. 

fixed line E, do. 1*4887 Hu. 

ord 1*657 W. 

ord 1*6543 M. 

fixed line E,ord.l*6636 Ru. 

ord 1*667 H. 

Sulphate of iron, greatest ...1*494 Br. 

Sulphate of potash 1*509 Br. 

„ 1 axis, ord 1*493 -j 

„ „ ext 1*601 I S. 

„ 2 axes (i 1*494 J 

Oxalic acid (i 1*499 Mil. 

Rochelle salt, mean, green... 1*4985 He. 

„ „ red 1*4929 He. 

„ tartrate of potash 

and soda 1*515 Br. 

Yolk of an egg, dry 1*500 Br, Y, 

Triple oxalate of chromium 

and potash, least 1*506 \ ^ 

„ greatest 1*605 J 

Glass plate, English 1*500 \ 

„ French 1*50 J ' ' 

„ English, ext.... f 1*5133 He. 

red ray \ 1*514 Bose. 

Glass plate, Dutch 1*517 ) ^ 

„ crown 1*525 J 

„ crown, prism Dollond, 

ext, red ray 1*526 He. 

„ crown, prism Dollond..l*5109 Br. 

„ crown, Fraunhofer, Ho. 

13, sp. gr. 2*535, fixed line 

E 1*5314 Fr. 

Glass, crown, Fraunhofer, Ho. 9, 

fixed line, sp. gr. 2*635 1*6330 Fr. 

Do. do. sp. gr. 2*756, fixed 

lineE 1*6631 Fr. 

Glass, bottle 1*582 Br. 

Starch, dry 1*504 Br. Y. 

Stilbite 1*508 

Gum-scammony .1*510 

Gum-arabic 1*512 

„ not quite dry... I 

f 1-614 \ . 
11-517] 


Human cuticle.. 


Br. 

Br.Y. 

Br. 

Br. Y. 

W. 


Br. 


H. 


Index of Refraction. 

Hitre, least index 1*335 Br. 

„ greatest index 1*614 

a 1*5052 
^ 1*5046 
y 1*330 

Dantzic vitriol, sulphate iron, 1*5 15 
Phosphate of ammonia, ord...l'515f 

„ potash, ext 1*4765| 

„ „ ord 1*50751 

„ „ ext 1*4685J 

Hadelstein from Faroe 1*5153 Br. 

Mesotype, least 1*516 ^ 

„ greatest 1*522 i- Br. 

Sulphate of zinc, ord. refr.... 1*617 J 

/3 1*4845 Dx. 

„ , f 1*517 BrJY. 

Myrrh gum 1 1-526 -I 

Tartaric acid, least 1*518 i Br. 

„ greatest l*576j 

Wavellite 1*52 W. 


35j 


Gum-dragon (tragacanth), | 2 . 00 ^ ^ ■ 

" * ..:i*528 " 

( 1*521 
{ 1*525 \ 

1 1*528 j 


Glass — ^horax, 1 ; silex, 2 1*528 

. 1*521 

Gum or shell-lac 


553 

536 


„ melted 1*548 

Agate, white, red rays 1 537 

Dichroite, iolite, cordie- i 
rite, from Ceylon, axes s 

of elasticity i y 1*5371 

Felspar 1*535 

Mellite, least 1*538 1 


1*541 

Br. Y. 

.1*548 

Br. y. 

.1 537 

S. 

1*5433 


1*5413 

IDx. 

1*5371 

J 

.1*535 

Br. 

.1*538 \ 
.1*556 J 

Br. 


559 ' 

Dioptrics. 


Br. 

W. 

Br.Y. 


1*524 W. 

Caoutchouc *! 1*534 Br. 

1 1*557 Br.Y. 

Tartrate of potash, neutral, jS 1‘526 Mil. 

Citric acid 1*527 Br. 

Leucite 1‘527 Br. 

Sulphate of lime « 1*5297 'j 

„ „ yellow ray D /5 1*5227 > Au. 

y 1*5206 J 

Crystalline of ox and fish, 

dried 1*530 W. 

f 1*531 W. 

Pitch 1*581 Br. Y. 

1 1*586 Br. 

Sulphate of copper, least 1 1*631 ) 
refraction 1 1*552 j 

nri 1 1*532 Br. y. 

Ohbanum gum | 

Orthose j3 1*5226 Dx. 

Glass of phosphorus, phos- 
phoric acid fused 1*532 ^ 

Solid phosphoric acid 1-544 I Br. 

Glass of borax, fused borax... 1*532 j 

Manna 1*533 Br. Y» 

Arragonite, ext. index 1*5348 1 

„ ord 1*6931 ' 

„ y 1st axisof elasticity 1*5326 

„ /3 2d ditto 1*6863 VRu. 

„ (K 3d ditto 1*6908 . 

1*6859'! 

„ axes of elasticity 1*6815 I D x 

iy 1*5301 J 

Arseniate of potash 1*535 W. 

Fahlunite : 1*535 

( 1*535 

Elemi gum < 1*547 

1 1*550 

{ 1*635 
1*549 
1*568 

A . f 1-535 

| ^.g^g 

(1-535 

Copal gum < 1*549 

U* “ 


Br. 

W. 

Br.Y. 
Br. y.- 

W. 

Br. y. 
Br. 

W. 

Br.Y. 

W. 

Br. 

Br.Y, 

W. 


^ Dr Wollaston informed us that he had mistaken Dragon’s-blood for Gum-dragon, 
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Dioptrics, 


Index of Refraction. 

Mellite, ord 1-5453] 

w ext 

Nepheline, ord 1*5365 f 

„ ext 1-5415/ 

- . f 1-538 Br. 

Jumpergum | ^^.541 3 ^. y. 

Carbonate of barytes, least. .. 1*540 Br. 

Forraiate of strontian, / ^ « 1 nv 

axes of elasticity tji.^gewr 

Boxwood 1*542 W. 

Apophyllite 1*5431 He. 

Carbonate of strontian, least 1*543 \ 

„ M greatest... 1*700 

Rock-salt, sp. gr. 2*143 1*657 

Ohio turpentine, mean 1*561 / 

Sagapenum gum 1*645 S 

Turpentine 1*546 I Br. Y. 

Burgundy pitch, mean 1*558 J 

Grum-thus, mean 1*550 Br. 

Amethyst 1*562 W. 

Quartz, ord, ray 1*6484 M. 

,, ext .1*6582 hi. 

„ ord., line E 1*5471 R. 

„ ext., ditto 1*5563 R. 

Amber 1*547 W. 

„ sp. gr. 1*04 1*556 N. 

Pennine, ord 1*576 ) tt . 

„ ext 1*575 I 

Resin, mean 1*554 Br. 

Glue, nearly hard 1*553 Br. Y. 

Chalcedony 1*553 Br. 

Comptonite .1*553« Br. 

/ 1’55'9 Br. Y. 

il-57 W. 

Parisite, ord 1*5691 « 

„ redrays, ext 1*670 J ‘ 

Hyposulphate of lime, mean 

red ray 1*561 He. 

„ „ mean green 1*566 He. 

Dragon Vblood 1*562 Br. Y. 

TTnrr, / ^f* 

Wernerite, ext 1*563* 

,, ord.... 1*594 

Baryto-calcite, least 1*566 ^ Br. 

„ greatest 1*701 

Glass, pink-coloured. 1*570 j 

Staurotide 1*5726 Mil. 

Assafoetida 1-576 Br. Y. 

Arseniate of ammonia, ord....l*5775'| 

« „ , ext.... 1*524 L 

„ potash, ord 1*5915 j ’ 

jj fj ext... 1*5365'^ 

('1-576 Br. 

Flint-glass, var. specimens < 1*678 He. 

11*583 W. 

1*584 He. 

1*694 Bose. 

extreme red... { 1*696 Br. 

1*601 He, 

1*604 Br. Bose. 
Do. Fraunhofer, No. 3, lineE..l*6145 ^ 

„ No. 30, line B 1*6374 I « 

„ No. 23, ditto 1*6405 p'’- 

„ No. 13, ditto 1*6420 J 

Andalusite, green 1*624 Mil. 

Prussiate of potash 1*586 Br. 

Anhydrite, ord 1*5772 Bi. 

» ext 1*6219 Bi. 

( « 1*614 'j 

„ axes of elasticity < jS 1*576 I Mil. 

^ I J. 1*571 j 

Hyposulphite of lime, least. . .1*583 I He, 

}> „ greatest 1*628 j 

Enxerald 1-585 Br. 

„ green ray, ord 1*5841 \ 

^ „ ext 1*5780 

Benzoic gum, mean 1*591 W* 


OPTICS. 

Index of Refraction, 

Tortoise-shell 1*591 Br. 

r 1*596 W. 

Guiacum gum ■! 1*600 Br. Y. 

1 1*619 Br. 

Beryl, ord 1*582 1 

„ ext 1*576 J 

Balsam of Tolu 1*60 W. 

„ „ mean 1*618 Br. 

Siliceo-carbonate of zinc and 

iron, least 1-6005 Br. 

Ditto, ditto, greatest 1-8477 Br. 

Hopeite, ord 1*601 ] 

Glass, ruby-red... 1*601 VBr. 

Meionite 1*606 j 

„ ord 1*5955 


r Dx. 


„ ext 1*5595 } 

Iron sinter 1*606 1 ^ 

Glass, purple-coloured 1*608 J 

Resin of jalap 1*608 Br. Y. 

Hyposulphite of strontian, 

least 1*608 \ „ 

Ditto, greatest 1*651 J 

Topaz, colourless 1*6102 Bi. 

„ 1st axis of elasticity... 1*6145 Ru. 

„ 2d ditto ditto 1*6167 Ru. 

„ 3d ditto ditto 1*6241 

„ bluishjfrom Cairngorm 1*624 Br, 

„ Brazil, ord. 1*6323 Bi. 

„ J, ext 1*6401 Bi. 

„ blue Aberdeen 1*636 \ 

3 , yellow l*638 lBr. 

„ red 1*652 J 

” ^ 1 

\yV6150j 

Siliceo-carbonate of zinc from * 

Aachen, least 1*6173 Br. 

„ greatest 1*6395 Br. 

3 , from Bohemia, least 1*600 
„ „ greatest 1*848 

Castor 1*623 Br. 

Sulphate of barytes, ord 1*6352 M. 

If „ ext 1*6468 M. 

' „ „ ord 1*6201 Bi. 

Do. ord. yellow, green rays... 1*6460 He. 

„ „ 1-646 W. 

Muriate of ammonia 1*625 

Aloes 1*634 

Glass, opal-coloured 1*635 

Tourmaline, line D, ord 1*6366 

j> ,, ext. . ... . .1*61 93 ^ 

Euclase, ord 1*6429 Bi, 

„ ext 1*6630 Bi. 

Sulphate of strontian 1*649 ] 

Mother-of-pearl 1*653 I 

Spargel stein 1*657 I 

Epidote, least 1*661 /Br. 

„ greatest ..1*703 

Chrysolite, least 1*660 

„ greatest 1*685 , 

„ (cymophane),f“J;J®®® 
axes of elasticity 

Dioptase, ord 1*667 

„ ext 1-723 

Phenakite, ord.... 1*652 | 

„ ext 1-672 J 

Chloruret of sulphur 1*67 

Nitrate of bismuth, least 1*67 

„ „ greatest 1*89 

Glass, orange-coloured 1*695 \ 

Boracite 1*701 

Glass, tinged red with gold... 1*71 5 

„ deep red... 1*729 

Euchroite, least 1*709 

Nitrate of silver, least. 1*729 

5 , „ greatest 1*788 J 

Chromate of potash, yellow,^ 1*722 
Hyposulphite of soda and 
silver, least 1*735 


Br. 

Br. Y. 
Br. 

Ifp. 


He. 


Br. 


S. 

He. 


Index of Refraction. 
Hyposulphite of soda and 

silver, greatest 1*785 He. 

Idocrase, ord 1*7205-1 

.1 ext 

Nitrate of soda, ord 1*506 ( 

„ ext 1*366 J ♦ 

Apatite, ord 1*646 j yy 

„ ray D, ext 1*641 J 

Axinite 1*735 \ 

Nitrate of lead 1*758 ( g 

Cinnamon stone 1*759 

Chrysoberyl 1*760 ) 

f 1*756 He. 

Spinelle { 1-761 Br. 

1 1*812 W. 

Felspar, greatest refr 1*764 Br. 

Sapphire, white 1*768 W. 

„ blue 1*794 ] 

„ ord 1*769 I Br. 

„ ext 1*762 J 

Eubellite 

RuT)y .,1-779 iBr. 

Zircon, orange coloured 1*782 j 

Glass lead (flint) 1*787 Ze. 

Pyrope 1*792 Br. 

Labrador hornblende 1*80 He. 

Arsenic 1*84 W. 

Garnet 1*815 Br. 

Borate of lead, fused, extreme 

redray 1*866 He 

Leadhillite /S 1*8828 Dx. 

Sulphate of lead 1*925 v 

Withamite, least 1*931 v Br. 

„ greatest 1*960 J 

Glass— lead 2 , sand 1 1*987 W. 

Zircon, least refraction 1-961 Br. 

„ greatest ditto 2*015 Br. 

/ 1*958 Hauy. 

Sulphur, native vlor W.’ 

( 2-115 Br! 

„ „ melted 2-148 Br, 

Calomel, ord 1-96 \ » 

„ ext 2-60 / ^ 

Tungstate of lime, least 1*970 \ 

„ „ greatest... 2* 129 J 

Glass — lead 3, flint 1 2-028 Ze. 

Carbonate of lead cc 2-0745 'j 

/3 2-0728 I Dx. 
y 1*798 ) 

Scaly oxide of iron 2*1 Y. 

j* 1-889 N. 

Glass of antimony J y]®?® 

1.2-216 Br! 

Silicate of lead, atom to * 

atom, extreme red 2*123 He. 

/ 2*125 Br. Y. 

Phosphorus | 2*224 Br. 

Blende 2*260 Br. 

Nitrate of lead, ord 2*322 He. 

Diamond, sp. gr, 3-4 | 

„ brown coloured.. | 

{'ri« !»■ 

Chromate of lead 2-479 \ 

Do. another kind, least refr. 2*503 I Br. 

Do. another kind, do 2-508 J 

Chromate of lead, another kind, 

greatest refraction.... 2*974 1 y. 

„ another kind, do. 2*926 j 
« » ord •-"2’S54 |„j, 

Octohedrite 2*500-1 

Realgar, artificial 2*549 I -o 

Red silver ore 2*564 j 

Greenockite, ord 2*688 J 


Dioptrics, 


Deduced from its polarizing angle, which was 65®, 
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Dioptrics. If light is regarded as consisting of material particles, it 
must move with greater velocity in bodies than in vacuo, 
in the proportion of the sines to which the refraction of 
these bodies is proportional. The power of bodies, there- 
fore, to refract and reflect light, must be inversely propor- 
tional to their specific gravities ; for if a body of small 
specific gravity has the same index of refraction as a 
body of great specific gravity, the former must have 
exercised a greater absolute force upon light than the 
latter. 

On the hypothesis of emission, it has been shoivn by Sir 


Isaac Newton that the absolute refractive power of bodies Dioptrics, 
is proportional directly to the square of the cosine of their ✓ 

maximum angle of refraction, and inversely to their specific 
gravity; that is, calling R the absolute refractive power, m 
the index of refraction, and D the density of the body, we 


— 1 


shall have R = — — , a formula by which the following 


table of absolute refractive powers has been computed. 
The numbers marked Dulong were, we believe, computed 
by Sir John Heischel from the refractive indices given by 
Dulong in the preceding table. 


Index of Refraction. 


Tabasheer 

Cryolite 

Fluor spar 

Oxygen 

Sulphate of barytes . . . . | 

Sulphurous acid gas .... 
Nitrous gas 

..0 0976 ) 
..0*2742 } 
..0*3426 J 
,.0*3799 
f 0*3829 
[ 0*3979 
..0*4455 *1 
..0*4491 1 
f 0*45 28 J 

Air 

0-4530 

1 0 5208 

Carbonic acid gas 

..0*4537') 

Azote 

..0*4734 } 

Chlorine 

..0 4813J 

Glass of antimony 

. 0*4864 

Nitrous oxide 

..0*5078 \ 

Phosgen 

. 0*6188 J 

Selenite 

.0 5386 

Carbonic oxide 

..0 5387 

Quartz 

,,0*6415 

Rock-crystal 

, 0*5450 \ 

Common glass 

,.0 5436 / 

Muriatic acid gas 

..0 5514 

Sulphuric acid 

,.0*6124 


Brewster. 

Dulong. 

Dulong. 

Newton. 

Dulong. 

Biot. 

Newton. 

Dulong. 

Newton. 

Dulong. 

Newton. 

Dulong. 

Malus. 

Newton. 

Dulong. 

Newton. 


Table of Absolute Refractive Poivers, 


Index of Refraction. 


Calcareous spar. 
Nitre 


Muriate of soda | ^ 

Alum 0*6570 

Nitric acid 0*6676 

Borax 0*6716 

Hydrocyanic acid 0*7366 

Buby 0*7389 

Sulphate of iron 0*7651 

Muriatic ether vapour ...0 7552 

Brazilian topaz 0*7586 

Bain -water 0 7845 

Flint glass, mean 0*7986 

Cyanogen 0 8021 

Sulphuretted hydrogen. .0*8419 

Gum-arabic 0 8574 

Sulphuret of carbon va- 
pour 0*8743 

Sulphuric ether vapour... 0*9138 
Proto-sulphuretted hydro- 
gen 0*9680 


r 0 6424 
\ 0*6536 
f 0*6440 

1 0.7070 


Malus. 

Newton. 

Brewster. 

I Newton. 
Brewster. 
Newton. 
Brewster. 
Newton. 
Dulong. 
Brewster. 
Newton. 
Dulong. 
Brewster. 
New ton. 
Brewster, 

j Dulong. 
Newton. 

Dulong. 


Index of Refraction. 

Ammonia 1*0032 ) t. , 

Alcohol, rectified 1*0121 ] 

Carbonate of potash 1*0227 j 

Chromate of lead 1*0436 J 

Olefiant gas 1*0654 Dulong. 

Muriate of ammonia 1 0788 Brewster. 

Carburetted hydrogen... .1*2204 Dulong. 

Camphor 1*2551 ■) 

Oil of olives 1*2607 

Oil of linseed 1*2819 

Sj)irit of turpentine 1*3222 1 

Bees’ wax 1*3308 

Amber 1*3854 

Octohedrite 1*3816 1 

Bi- .sulphuret of carbon ...1*4294 J 

Diamond 1*4566 

Oil of cinnamon fsp. gr.*^ 1*4944 \ 

Oil of cassia 1 1*044J 1*6184 

1-6666 1 r-™.*.- 

Ambergris 1-TOOO | 

Sulphur 2 2000 J 

Phosphorus 2*8857 ) 

Hydrogen 3*0953 Dulong. 


»■ Newton. 

Malus. 
New* ton. 

• Brewster. 
Newton. 


The results given in the preceding tables are su<?ceptible 
of increased accuracy, not only by taking accurate mea- 
sures of the indices of refraction of the bodies, in relation 
to the fixed line E of the spectrum, but also by obtaining 
more accurate measures of their specific gravities. 

Sect, IL~ On the Refraction of Rats by Bodies with 
Plane and Spherical Surfaces. 

Having shown how to find the refracted ray, when the 
incident ray is given, and the constant ratio of refraction 
which belongs to any transparent body, we may trace the 
progress of rays through bodies of any form whatever, pro- 
vided we have the lines given which are perpendicular to 
the surface of the body at the points where the rays fall 
upon it. In all spherical surfaces this per})endicular is a 
line drawn through the point of incidence and the centre 
of the spherical surface ; and in all other cases it is a line 
perpendicular to a line touching the surface at the point of 
incidence. 

The names prisms and lenses have been given to those 
transparent bodies which are most useful in optical experi- 
ments, and in the construction of optical instruments. Sec- 
tions of these different refracting bodies are shown in the 
annexed diagram. 



1. K prism, represented in the figure at A, is a solid 
piece of glass, having three plane surfaces, AR, AS, RS, 
which are called its refracting faces, the light passing 
through any two of them. 

2. A plane lens (B) is a lens the centre of whose surfaces 
are infinitely distant. Its sides are therefore parallel like a 
piece of plane slass. 
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3. A spherical lens (C) is a lens whose surfaces have the 
same centre, and is consequently a sphere or a part of one. 

4. A double convex lens (D) has two convex s])herical sur- 
faces, whose centres are on opposite sides of the lens. It is 
said to be equally co7wex when the radii of its two surfaces 
are equal ; and unequally convex when the radii are unequal. 

5. K plano-convex lens (E) is a lens which has one of its 
surfaces flat or plane, and the other convex, 

6. A double convex lens (shown at F) is a solid bounded 
by two concave spherical surfaces. It is equally concave 
when its surfaces have the same radius, and unequally con- 
cave when they have different radii. 

7. A plano-convex lens (G) has one of its surfaces con- 
cave and the other pkne. 

8. A meniscus lens (H) has one of its surfaces concave 
and the other convex, the two surfaces meeting if con- 
tinued. The convexity predominates, and it acts as a 
convex lens. 

9. A concavo-convex lens (I) diflPers from the meniscus 
only in tlie circumstance that the two surfaces do not meet 
if continued. Hence the concavity predominates, and the 
lens acts as a concave one. 

10. A cylindrical lens is shown in fig. 23 ; it is merely 
a cylinder of glass, or any other transparent body. 


Fig. 23. Fig. 24. 

11. A piano-cylindrical lens (shown in fig. 

24) has one surface plane and the other cy- 
lindrical. 

12. A transverse cylindrical lens (fig. 2o) 

resembles two piano-cylindrical lenses, plane 
transversely, or with their lengths at right 
angles to each other, and joined together by 
their plane surfaces at a, b, c, d, ^ rig. 25 , 

4 B 
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Di^tr^ })y prisTns* 

Refraction As prisms are essential parts of optical instruments, and 

by prisms, are of peculiar value in experiments on light, it is necessary 
to have a correct idea of the phenomena which they ex- 
hibit in refracting rays of light. 

Let ABE (fig. 26) be a prisrh of two equal sides BA, 
BE, and made of glass whose index of refraction is 1*500, 
or whose ratio of 
refraction is as 
1*500 to 1, or as 3 
to 2, and let 11 C 
bea ray incident on 
its first surface at 
C. It is required 
to determine the 
path of this ray 
after it has suffered 
refraction at both 
its surfaces AB, 

BE. From any scale set off CG equal to 10 divisions, and 
CR equal to 15, and through G draw GD perpendicular to 
AC. From the point C, and on the line GD, set off CD 
equal to CR, and through D and C draw DCc ; then Cc will 
be the refracted ray. From a scale on which Cc is 10, set 
off eC^ equal to 15 parts, and drawing gd perpendicular to 
BE, make cd equal to cC, and draw through d and c the 
line dcr ; then cr will be the path of the ray refracted by the 
second surface BE of the prism. When the radius Cc will 
not reach the perpendicular gd, the ray Cc will not be 
refracted at all, but will suffer total reflection. When total 
reflection commences, the point d will fall in the line 
EB, and the perpendicular gd will touch the circle de- 
scribed with the radius cC round c, at the point d. At 
all greater angles of incidence the ray Cc will be totally 
reflected. 

The sine of the angle of incidence at c, when the ray 
Cc is not able to emerge from the prism, but suffers total 
reflection, will be found in the case of plate-glass (whose 

1 2 

index of refraction is 1*500) to be equal to or g, or 

0*666; the angle corresponding to which is 41® 48'. 

The total reflection which thus takes place within trans- 
parent bodies is a very remarkable and highly interesting 
phenomenon. The light is far more brilliant than what is 
obtained from the brightest silver, which gives more re- 
flected light than any other metal; and it possesses curious 
physical properties, which will be explained in a subsequent 
part of the article. The phenomenon of total reflection may 
be finely seen by filling a tumbler-glass with water, and 
placing it above the head, so as to see the image of a candle 
reflected from the lower side of its surface when at rest. 
Th6 brilliancy of the image surpasses that of every other 
• species of reflection. Diamonds, precious stones, and the 
glass ornaments of chandeliers, &c. &c., are often cut so as 
to send to the eye light that has suffered total reflection. 
The brilliant white lustre of dew-drops arises from totally 
reflected light. 

To a person under perfectly still water, the vision of ob- 
jects either out of the water or on the bottom must be very 
singular. The whole visible heavens, in place of being a 
hemispliere, will appear like a cone, wnth an angle of 97*^. 
“ All objects,” says Sir John Herschel, ‘‘ down to the hori- 
zon, will be visible in this space, and those near the horizon 
much distorted and contracted in dimensions, especially in 
height. Beyond the limits of this circle will be seen the 
bottom of the water and all subaqueous objects reflected, 
and as vividly depicted as by direct vision. In addition to 
these peculiarities, the circular space above mentioned will 
appear surrounded with a perpetual rainbow of faint but 
delicate colours.” In order to understand this, let MN 



I c s. 



(fig. 27) be the surface of the water, and E an eye at the Dioptrics, 
bottom. Let DE be the direc- 
tion in which a horizontal ray 
ND would be refracted at D, 
and CE the direction in which 
MC would be refracted at C. 

Then it is clear that all objects 
on the horizon will be seen in 
the directions ED, EC, and as 

the same is true in every azimuth, ACEDB will be a sec- 
tion of the cone, which will comprehend within it all objects 
in the visible horizon. The sun and moon will appear to 
rise at A and set at B. They will have the appearance of 
ovals, with their smaller diameters vertical. They will quit 
the horizon, and descend to it again very slowly, as the 
angle of refraction varies very slowly from 90° of incidence 
downwards. If a man fishing near N stands up to his knees 
in water, his knees will just be seen above the water, in the 
direction EB, and his body standing within the cone.BEA, 
wdiile his legs will be seen bright, and inverted in the direc- 
tion of about EN, by the total downward reflection of the 
surface MN of the water. If we draw Cc and Dd, making 
the angles cCE, 6?DE, equal to CED, then all objects in the 
water, to the right hand of d, and to the left band of c, will 
be seen by total reflection from the inner surface MN of 
the water, in the space surrounding the cone AEB. An 
object at c will be seen by reflection from the point C in 
the direction EC, and an object at d by reflection from D ; 
but none of the objects between c and d will be seen by 
reflection to the eye at E. Hence we see the reason why 
the fisherman’s legs, like other objects under water, will be 
seen by total reflection in a direction near to EN. The 
circular rainbow, or rather fringe of colours, which separates 
the objects out of the water from those which are beneath 
it, and seen by total reflection, is that band of colour which 
alw’ays bounds light that is toully reflected. 

It frequently happens, both in optical experiments and in 
optical instruments, that light is refracted at the surfaces of 
two media placed in contact, such as water and glass, and 
in compound lenses of flint and crown glass, either touching 
one another or united by a cement. In all such cases, it ,s 
necessary to determine the refraction which light expe- 
riences at their refracting surface. It is found by experi- 
ment, and may be proved theoretically, that the index of 
refraction for the separating surfaces of media is equal to the 
quotient of the most refractive divided by the least refrac- 
tive medium. Thus, the index of refraction for the sepa- 


rating surface of water and plate -glass will be 


1*500 

1*336’ 


or 


1*122, which is nearly the same as that of tabasheer. In 
order, therefore, to find the refract- 
ed ray in this case, let MN (fig. 28) 
be a parallel stratum of water rest- 
ing upon a piece of parallel glass 
OP. A ray RC will be refracted 
in the direction Cc, and may be 
found by the method formerly 
given. In order to find the change 
produced in the direction of the 
ray at c, take a point g, in the line c'C, so that if cC is 
1*122, c[g shall be 1*000, then drawing gd' perpendicular 
to the refracting surface, make cd' equal to c C ; and having 
drawn through the points d, c the line dec, — cc will be 
the refracted ray. This ray being incident on the second 
surface of the glass plate at c, will be refracted in a direc- 
tion cr, which may be found by the method formerly de- 
scribed. It will be found both by projection and by ex- 
periment, — namely, by looking through the compound plate 
MNOP, and observing any distant object, — that the finally 
refracted ray cr is parallel to the incident ray RC. 

If the angle RCA (fig, 26), the complement of the angle 
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of incidence, is increased, the point c, where the refracted 
ray emerjres from the side BE of the prism, will approach to 
E, and the angle rcE will diminish, till at a particular incli- 
nation of the incident ray the angle RCA will become 
equal to the angle rcE. When this happens, the refracted 
ray Cc, will be eqiially inclined to the refracting faces of 
the pri.sm BA, BE, and will be parallel to the base AE. 
This will be obvious by considering Cc as an internal ray 
incident on both sides of the prism, and at equal angles to 
each, in which case it will suffer equal degrees of refrac- 
tion, and therefore be equally inclined to the refracting 
faces. 

If the eye is placed at r to receive the refracted ray cr, 
it will see the luminous body, sucli as a candle, from which 
the ray RC proceeds, in the direction rc, and the angle 
which this ray rc forms with RC will be the deviation of 
the ray produced by the refraction of the prism. Let us 
now suppose the candle to be fixed, and the prism turned 
round, so that the angle RCA maybe increased ; it will be 
found experimentally, and may be easily proved by pro- 
jection, that the deviation of the ray rc is /easi when the 
angle RCA is equal to rcE, or when Cc is parallel to AE, 
and increases when Cc deviates on either side from this 
mean position. Now this position may be easily ascer- 
tained by placing the eye behind the face BE, and turning 
the prism till the refracted image of the candle, or other 
object, becomes stationary. When this takes place, Cc is 
parallel to AE, or CcB is an isosceles triangle ; and it 
may easily be shown, by similarity of triangles, or by pro- 
jection, that t/te angle of refraction at the first surface is 
equal to half the angle of the prisrn^ or iABE. Hence 
we obtain the following simple rule for finding the index 
of refraction, after having measured, with a goniometer or 
otherwise, the angle of incidence, or the complement of 
the angle RCA : — Divide the sine of the angle of inci- 
dence by the sine of half the angle of the prism, and the 
quotient will be the index of refraction. 

For the purpose of measuring indices of refraction, we 
do not require regular prisms of considerable size. Two 
small faces, well ground and tolerably polished, are sufficient 
for this purpose. They need never a 

be larger than the pupil of the eye, 
and will answer well enough if 
they are of the size of a pin’s head. 

If we wish to measure the index /7 yy 

refraction of fluids, we have only to j \\ 

place a drop of the fluid at the an- 

gular point A of two pieces of par- 

rallel glass AB,AE (fig. 29 ), fixed Pig. 29. 

at any angle by a piece of wood or wax BE. Enough of the 

fluid for the purpose will be retained by capillary attraction 

at the point A, and after measuring the angle BAE of the 

prism, and the angle of incidence at which the image of 

the candle becomes stationary, the index of refraction will 

be found as before. 

R^raction through Plane Glasses. 

Every person is acquainted with the fact that light which 
passes through plane glasses, or glasses which have their 
two surfaces flat and parallel, like MN in fig. 30, does not 
suffer any very perceptible change, either in its general 
direction, or in the parallelism, convergency, or divergency 
of its rays. If AB, A'B', for example, be two parallel 
rays incident on the plate of glass MN, they will suffer 
equal refractions at B, B', because they are incident at the 
same angles, and the refracted rays BC, B'C will there- 
fore be parallel. These parallel rays again falling upon 


the second surface at C, C' will suffer equal refractions Dioptrics, 
there, and will emerge parallel in the lines CD, C'D'. 



Hence we conclude that parallel rays after transmission, at 
any obliquity, through a plane glass, will emerge paral- 
lel. But as the rays DC, D'C' will, to an eye at D and 
D', be seen in the directions DCa, D'C'a, their absolute 
directions in space are altered, and the difference between 
the real and the visible direction will increase with the 
obliquity of the rays AB, A'B', and with the thickness of 
the plate of glass. If we suppose MN to be part of a 
looking-glass, silvered on its lower side CC', then the re- 
fracted rays BC, B'C' will, after reflection at C, C, in the 
directions Cc, Cc\ be refracted at c, c into the parallel 
directions cc?, cd!. But the rays AB, A'B' will be reflected, 
though in a much fainter degree, in the directions BA B'A ; 
so that an eye placed so as to receive these rays will see 
the bright image reflected from the silvered surface, in tlie 
direction cc?, and the faint image reflected from the first 
surface, in the direction Bdf, at a distance from each other 
depending on the obliquity of the reflection, and on the 
thickness of the plate. A candle, for example, will be seen 
double at a short distance from the mirror ; but a larger 
object, in order to be seen double, must be viewed at a 
greater distance. At great obliquities, and when the ob- 
jects are very luminous, such as gas-burners, &c., other 
images will be seen by reflections at c, c, and the subse- 
quent reflections from the other side of the plate. If the 
two faces of the plate are not exactly parallel, the bright 
and faint images above described will change their dis- 
tance, sometimes overlapping each other, and sometimes 
separating, according to the part of the plate on wliich 
they fall, though the angle of incidence may remain the 
same.^ 

When aiverging and converging rays pass through a 
plane glass, the position of the 
points of divergency and con- 
vergency are altered. Let ABB' 

(fig. 31) be a pencil of rays 
diverging from A, and incident 
upon the plane glass MN. The 
emergent rays CD, CD' will, 
after the second refraction at 
C, C, proceed as if they had 
come from the point A Hence a 
plane glass brings the divergent 
point of diverging rays nearer 
to it. For the same reason, if 
D^D' is a converging beam of 
light, its point of convergency A 
will be removed to A by the Fig. 31. 

plane glass. 

When there is only one refraction, as in the case of 
standing water, whose surface is BB', and bottom CC, then 
the very reverse will be the result. A diverging beam 
ABB' will have its divergent point removed to 05 , and a con- 
verging beam would have it brought nearer the surface. 



^ We had once a looking-glass of this kind sent to us as a curiosity by a gentleman, who valued it on account of its remarkable proper- 
ties. It differed from all the rest in his possession only ia its being the worst. 
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Dioptrics. Refraction of Rays by Spheres, 

When a ray of light fills upon a curved surface of any 
by spheres, the infinitely small part of the surface which it occu- 
pies may be considered as coinciding with the tangent to 
the surface, or with a plane surface touching the curve at 
the point of incidence. Wlien the surface is spherical, this 
tangent plane is perpendicular to the radius, or the line 
drawn from the centre of the sphere to the point of inci- 
dence. Hence it is always given when the centre is given. 

Let MN (fig. S2) be the section of a sphere of glass, 
whose index of’ refraction is I’oOO, as before ; a ray 
passing through its centre S, and therefore unrefracted, be- 
cause it is incident perpendicularly on both surfaces ; and 



Fig. 32. 

RC, RC other rays parallel to, and equidistant from, R^; 
it is required to find the path of one of these, RC, through 
the sphere. Join SC, which will be perpendicular to the 
surface at C. From a scale on which RC is three parts, set 
off RG equal to 1, and draw GD parallel to CS (which is 
the same as drawing it perpendicular to the elementary 
surface, or tangent to the sphere at C). Make CD equal 
to CR, and through D and C draw the line meeting 
the posterior surface of the sphere at c, and the axis of the 
sphere at/. The point f would have been the focus, had 
there been no second surface to refract the ray Cc a second 
time. On a scale on which Cc is two parts, set off Cy 
equal to 1 part, and having joined Sc, draw gd parallel to 
Sc, and make cd equal to cC. Through cdraw <fcF, meet- 
ing the axis of the sphere in F. As the ray RC, below 
RS/; falls in the very same manner on the sphere MN, it 
will have its refracted ray in a similar direction, and the 
two rays will meet at F, which is called the focus of the 
sphere for parallel rays, or the principal focus of the sphere. 

If we determine the path of the ray RC, and find the foci 
/andF for both surfaces; by using different indices of re- 
fraction, we shall find that in every case the distance EF 
of the principal focus of the sphere is exactly one-half of 
the distance Ef of the focus for the first surface, and tliat 
FS is to ES as the sine of incidence or the index of refrac- 
tion is to the difference between twice the sine of incidence 
and twice the sine of refraction ; that is, in glass, as l*o00 
is to 3*000 —•2*000, or as T500 to 1*000. 

Hence we have for difierent refractive bodies the follow- 


ing results : — 

Index of Refraction. 

Taljasheer FS is to ES as Till is to 0*222 

Water..., FS is to ES as 1*336 is to 0*672 

Olass FS is to ES as 1*500 is to 1*000 

Zircon FS is to ES as 2*000 is to 2*000 


Hence it appears that in the case of zircon, and all other 
bodies whose index of refraction is 2*00, the focus F falls 
exactly on the posterior surface of the sphere at E ; and it 
therefore follows that in diamond, phosphorus, &c., and all 
bodies whose refractive pow’er exceeds 2*000, the principal 
focus falls within the sphere^ the focus advancing from E 
towards S, as the index of refraction increases, and reaching 
the centre of the sphere S, when the index of refraction 
becomes infinite. 

It may. be interesting to trace the distances E of the 
pi mcipal focus F from the sphere, in bodies of various re- 


fractive powers, supposing the radius of sphere to be 1 Dioptrics, 
inch, and placed in vacuo, 



I)istance.s EF. 

Ft. 

in. 

Hydrogen.... 


.. 301 

11 

Oxygen 

1338 „ 

.. 153 

2 

Atmospheric 

air 1701 „ 

.. 141 

9 

Phosgen 

432 „ 

.. 33 

0 

Tabasheer.... 

4 ,, 

.. 0 

4 

Water 

0-98 „ 

0 

1 nearly. 

0 

Glass 

0-50 „ 

0 

Zircon 

.. .. 0*00 

0 

Diamond 





In spheres of diamond, and other substances of high re- 
fractive power, a refracted ray Cc may fall so obliquely 
upon the inner surface of the sphere, that it would be 
totally reflected, and would therefore be carried round the 
surface of the sphere, without the possibility of making its 
exit. If the length of the refracted ray Cc should cut off 
an arc which is an aliquot part of a circle, the ray would 
describe a regular polygon, being always reflected from the 
same points ; but if it was not an aliquot part of a circle, 
the points of reflection would vary in every revolution of 
the ray. 

The following is the rule for finding the principal focus 
of a sphere, or its focus for parallel rays: — Divide the 
index of refraction by twice its excess above unity, and the 
quotient is the distance of the principal focus from the 
centre of the sphere. 

When the rays RC, RC, in place of falling on the sphere 
in directions parallel to the axis, or to one another, proceed 
from a near object, and always from a point in the axis 
RSE, their focus may be found by the very same method 
which we have already given. When the point from which 
the rays diverge is very distant, the focus of such rays will 
be a little farther from the sphere than F, and as the radiant 
point approaches to the sphere, the focus F will recede from 
it, as will be more fully explained when we treat of the pro- 
gress of rays through lenses. 


Refraction of Rays by Convex Lenses- 

The action of an equally convex lens in refracting the Refraction 
rays of light, is exactly the ^ ty convex 

same as that of a sphere, with 
this difference only, that the;# 
two surfaces are brought 
nearer each other, and in^ 
consequence of this, the ray 

n .11 .1 n , 



lenses. 


refracted by the first sur- 
face falls upon the secondjL 
surface at a different point, 
and at a different angle, the 
effect of which is to produce 
a change in the position of the focus. 

If LL (fig. 33) be a double and equally convex lens parallel 
of glass, a line A/ passing through the centre C, or middle rays, 
point of its greatest thickness, is called its axis. Let paral- 
lel rays AB, A'B' fall upon the first surface at the points 
B,B'; these will be refracted in directions BD, B'D', which 
will be determined by the method shown in fig. 32. Had 
there been no second surface, these rays would have con- 
verged to a focus at /, but as they meet the second sur- 
face of the lens at D and D', they will tliere be refracted, 
as shown in fig. 32 for the sphere, so as to take the direc- 
tions DF, D'F, and have their principal focus at F. 

The following is the rule for finding the principal focus 
of a glass lens unequally convex : — Multiply the radius of 
the one surface by the radius of the other, and divide twice 
this product by the sum of the same radii! 

If the glass lens is equally convex, and has its index of 
refraction 1*500, the distance CF, or its principal focal dis- 
tance, will be equal to the radius of any of its surfaces. 

The following is the rule for finding the principal focal 
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Dioptrics. 



Oblique 

rays. 


Diverging 

rays. 


distance of a plano-convex lens of glass. When the convex 
side is exposed to parallel rays, tlie focal distance, reckoned 
fiom the plane side, will be equal to double the radius of 
the convex surface, diminished by two- thirds of the thick- 
ness of the lens. When the plane side of the lens is ex- 
posed to parallel rays, the distance of the focus from the 
convex side will be equal to twice the radius. 

When the rays AB, A'B', A"B" (fig. 34) are oblique to the 
axis, the middle ray ABC, 
passing through the centre 
C, v\ill obviously suffer re- 
fraction at B, but as it 
falls upon the second sur- 
face at the same angle, it 
will be refracted a second 
time in an opposite direc- 
tion, so that it will proceed 
in a direction df parallel to Fig. 34. 

AB. The rays A'B', A"B" 

will suffer refraction at the points B', B", and also at the 
points D, and D', and it will be found by projection that 
they meet in a focus F in the axis df. 

In the preceding case the parallel rays are supposed to 
issue from some very distant object; but if the object from 
which the rays proceed is near or not very distant from the 
lens, its focus will recede from the lens, in proportion as the 
object or point of divergence approaches to it. This fact 
scarcely requires to be proved, for it is manifest that as the 
radiant point approaches to the lens, the rays fall more and 
more obliquely on the first suiface, and less and less obliquely 
on the second, so that the deviation produced by refraction 
is not sufficient to bring them to a focus so near the lens as 
the point F, in fig. 33. This will be better understood from 



fig. 35, where LL is a convex lens, whose focus for parallel 
rays is F. Let RL, RL be rays diverging from a candle 
or other body, at ^ 

R, then, if we 

trace the refract- mj 

ed rays by the^^ ® 

method already 

given in fig. 32, Fig. 35 . 

we shall find that 


they will meet at a point farther from the lens than F, 
and that if the point R advance to R', the focus / will advance 
to f \ and so on, the focus f receding from the lens as R 
approaches to it. When the distance RC is equal to twice 
CF, or twice the principal focal distance, the distance of 
the focus/' from the lens will be equal to the distance of 
radiant point from it, or Cf will be equal to CR'. When 
R comes nearer C,/ goes rapidly away from it, and when 
R comes to F', which is called the anterior focus, CF' being 
equal to CF, the rays will be parallel, or what is the same 
thing, the focus / will have retired to an infinite distance. 
When R comes nearer to C than F', the rays will diverge, 
after passing through the lens, as if they came from some 
point in front of the lens, and this point, or virtual focus, 
as it is called, will approach to the lens as R approaches it, 
in moving from F' towards C. The points R and / and 
R' and are called conjugate foci, because it may be 
shown that rays diverging from / will be refracted to R, 
and rays diverging from /', to R'. It is indeed a general 
truth in all the phenomena of refraction and reflection, that 
if the refracted rays are supposed to be the incident ones, 
the incident rays will be the refracted ones ; for the ray 
experiences the very same action in an inverse order, by 
retracing its path. 

The following is the rule for finding the focus / or the 
conjugate focal length of a convex lens of glass for diverg- 
ing rays Multiply twice the product of the radii of the two 
surfaces of the lens, by the distance of the radiant point or 
RC, for a dividend. Multiply the sum of the two radii by 


the same distance RC, and from this product subtract twice Dioptrics, 
the product of the radii, for a divisor. The quotient of the 
dividend divided by the divisor will be the focal distance 
Cf required. 

When the lens is equally- convex, multiply the distance 
of the radiant point RC by the radius of the surfaces, and 
divide that product by the difference between the same 
distance and the radius, and the quotient will be the focal 
distance C/ required. 

If the lens \s plano-convex, divide twice the product of 
tlie distance of tlie radiant point RC multiplied by the ra- 
dius of the convex surface, by the difference between that 
distance and twice the radius, and the quotient will be tlie 
distance of the focus from the centre of the lens. 

When converging rays fall upon a convex lens, they are Converg- 
always refracted to a point between the lens and their point ing rays, 
of convergence. Let 
RL, RL (fig. 36) oe 
rays converging to 
any point r, behind the 
lens LL, it is very 
evident that refraction 

must always make 86. 

them cross the axis RCV of the lens somewhere between r 
and the lens, and always between the principal focus F and 
the lens. The exact point may be found by the method’s 
already given. As the point of convergence r recedes from 
the lens, the focus /will approach to the principal focus F, 
and when r is infinitely distant, the rays RL, RL become 
parallel, and / will coincide viith F. W'hen r approaches 
to C,/ will also approach to it. 

The focus of a double-convex glass lens, when its thick- 
ness is small, for converging rays, may be found by the fol- 
lowing rule ; — Multiply twice the product of the radii of the 
two surfaces by the distance rC of the point of conver- 
gence, for a dividend. Multiply the sum, of the two radii 
by the same distance rC, and add to this product twice the 
product of the radii, for a divisor. Tiie quotient obtained 
by dividing the above dividend by this divisor, will be the 
focal distance/C required. 

When the lens is equallg-convex, multiply the distance 
rC by the radius of the surfaces, and divide that product 
by the sum of the same distance and the radius, and the 
quotient will give the focal distance /C required. 

In plano-convex lenses we must divide twice the product 
of the distance rC multiplied by the radius of the convex 
surface, by the sum of that distance and twice the radius, 
and the quotient will give the focal distance required. 



Refraction of Rays by Concave Glasses, 


In order to show how to find the refracted ray when the Refraction 
light is incident on a concave surface, let LL (fig. 37) be J’S' concave 
a double and equally con- 

cave lens of glass, and RB, \ ^ V Parallel 

R'B' two rays parallel and 

equidistant "from the axis I 

RC of the lens. From a ^ jer 

scale on which RB is 1*5, r 

take BG equal to 1, and / 

from G draw GD parallel ^ 

to SB, the radius, and con- 
sequently perpendicular to Fig. 37. 

the first concave surface of the lens. Make BD equal 


to BR, and through D and B draw DB5, which will be the 
ray refracted by the first surface. On a scale where 5B 
is 1, make bBg equal to L5. From g draw gd parallel to 
hs, the radius of the second surface, and consequently per- 
pendicular to that surface at h. Make hd equal to ^B, and 
through b draw dhr; hrmW be the ray refracted by the second 
surface. In like manner, the other ray R'B' will be refracted 
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Dioptrics, by the 6rst surface, in the direction Bi, and tne two re- 
fractecl ravs 5r, Vr will diveriy^e as if thev had proceeded from 
a point F, found by continuing hr^ br backwards, which 
is called the virtual focus of the concave lens LL. 

If we trace oblique 'parallel rays through a double con- 
cave lens in the same manner as we have done for a con- 
vex one in fig. 34, we shall find that they will be refracted 
as if they diverged from a focus in the axis or rav which 
passes through the centre of the lens. The rules for find- 
ing the virtual focus of parallel rays refracted by a double- 
concave or plano-concave lens, are the same as for convex 
lenses. 

Diverging When diverging rays RB, RB (fig. 38) fall upon a 
rays. concave lens LL, they 


will be refracted in 
lines hr^ more 

divergent than paral-K.- 
lei rays, as if they 
proceeded from a vir- 
tual focus / nearer the 
lens than its principal 



Fig. 38. 


focus F. As the radiant point R approaches to C,/ will 
approach to C. 

The following are the rules for finding the virtual focus 
of a concave lens of glass for diverging rays: — Multiply 
twice the product of the radii by the distance RC of the 
radiant point R, for a dividend. Multiply the sum of the 
radii by the distance RC, and add to this twice the pro- 
duct of the radii, for a divisor. Divide the dividend by 
the divisor, and the quotient wull be the virtual conjugate 
fncal distance /C. If the lens is equallg-concave^ multiply 
the distance of the radiant point R by the radius, and 
divide the product by the sum of the same distance and 
the radius, and the quotient will be the virtual focal dis- 
tance required. 

If the lens is a piano-- concave one, multiply twice the 
radius by the distance of the radiant point, and divide this 
product by the sum of the same distance and twice the 
radius, and the quotient will be the virtual focal distance. 
Converg- When convergmg rags fall upon a concave lens, their 
ing rays, virtual focus will be without the principal focus on one 
side, if the point of convergence is without the principal 
focus on the other side. This case is shown in fig. 39, 
where the rays 
RB, R'B', con- 
verging to f, . 

Without the prin- 

cipal focus F, Til'll 
be refracted in 
the direction Br, 

B'r , as if they had diverged from a focus at/' on the other 
side of the lens. When fC is equal to twice the principal 
focal distance CF, the virtual focus of divergence/ will be 
at the same distance on the left hand of C as the point of 
convergence f is distant on the right hand. When / ap- 
proaches the lens on the right hand, the virtual focus/ will 
recede from it on the left. When/ reaches F, the virtual 
focus will be infinitely distant, or the refracted rays will be 
parallel ; and when / advances from F to the lens, the re- 
fracted rays will converge on the right hand of the lens, 
and the focus will advance towards the lens, as the point of 
convergence advances towards it. 

The rule for finding the conjugate focus of a converging 
beam, for a doubly concave lens, is the same as that for 
diverging rays in a doubly convex lens. If the lens is 
plano-concave, the rule is the same as for diverging rays 
falling upon a plano-convex lens. 

Refraction of Rags by Meniscuses, and Concavo-Convex 
Lenses, 

It would be quite unprofitable to trace the progress of 



different rays through these various forms of glasses, both Dioptrics, 
because they are but little used, and because the very same 
methods which are applicable to convex and concave sur- Refractioa 
faces, are applicable also to them. When used by them- by menis- 
selves and for ordinary purposes, these lenses are inferior cases, 
to the common convex and concave lenses, and therefore 
are seldom met with. W'e shall therefore content our- 
selves with giving the rules for finding their foci. 

In a meniscus the focus for parallel rays is obtained by 
dividing twice the product of the two radii by their dif- 
ference, and the quotient will give the focal distance. 

In the same kind of lens the focus for diverging rays 
will be thus found : — Multiply twice the distance of the ra- 
diant point by the product of the radii of the two surfaces, 
for a dividend. Multiply the same distance by the differ- 
ence between the two radii, and to their product add twice 
the product of the two radii, for a divisor. The quotient 
arising from dividing the dividend by the divisor, will be 
the focal distance of the meniscus. This rule will answer 
also for converging rays. 

In concavo-convex lenses the very same rules will apply, and con- 
but the rays have a virtual focus in front of the lens, as in cavo-con. 
concave lenses- iensesj 

In treating of the passage of oblique rays through a 
double convex glass (as shoum in fig. 34), we have stated 
that there is a point C, called the centre of the lens, through 
which the ray that passes suffers the same refraction at both 
surfaces, or emerges parallel to its original direction. 

In equi-convex lenses, this centre C is accurately in 
the middle line of the 
thickness of the lens ; 
but in other forms of 
lenses it is not. Hence 
it is necessary to point 
out the method of find- 
ing this centre. In 
double convex or con- 
cave le?isest the centre 
C (see figs. 34, 40, and 
41 ) lies within the two surfaces of the lens. 
vex and 'plano-concave 
lenses, it is coincident 
with the vertex of the 
convex or concave sur- 
faces, and in menis- 
cuses and concave-con- 
vex lenses it lies without 
the thickness of the 
Jens, and nearest to the 
surface which has the 



Fig. 40. 


In plano-con- 



Fig.4l 


greatest curvature. I^et R, r (figs. 40--43) be the centres 
of the convex and concave surfaces of the lenses, and REr 
(figs. 40, 41 ), or RrE (figs. 42, 43), are their axes. Taking 
any point A in one 
surface, draw RA, and 
parallel to this draw 
m, which will cut the 
other surface of the 
lens in a. Join Aa, 
and continue it till it 
meets the axis REr or 
RrE in some point E ; 
tins point E is called the 
centre of the lens, because every ray that passes through it 
will have its incident and emergent parts parallel, such as 
QA and qa. From the similarity of the triangles REA, 
rEa, and the composition and division of ratios, we have 
RAq=ra : ra=RE=+irE (or Rr) : rF, Hence rE must be 
invariable like the other lines, and on whatever point the 
parallel radii RA, r«, are drawn, the line Aa must cut the 
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Dioptrics, axis Rr in the same point E. 

P^ss out of the lens in 
both directions, it will suffer 
the same quantity of refrac- 
tion in opposite directions, 
because the angles of inci- 
dence aAR, Ear, are equal. 
Hence the incident and 
emergent parts, AQ, a(/, will 
be parallel 


If we suppose the ray Aa 



Fig. 43. 


Refraction 
by cylin- 
drical 
lenses. 


When the lens is small in diameter, or of a great focal 
length, or its thickness inconsiderable from other causes, 
the path of the ray Q,.\aq, may be taken as a straight line 
parsing tliroiigh the centre E of the lenses. This is evident 
from the circumstance that the perpendicular distance be- 
tween the lines AQ, oq diminishes both with the obliquity 
of the incident ray and the thickness of the lens. 

On the Refraction of Rays by Cylindrical Lenses, 

Cylindrical lenses may have all the forms of the lenses 
which we have already described. A perfect cylindrical 
lens corresponds with a sphere whose section is the same ; 
a plano-convex cylinder has its section similar to a plano- 
convex lens of the same dimensions ; and a meniscus cylin- 
der has one of the cylindrical surfaces convex and another 
concave. 

In all these cases the curved surfaces are cylindrical ; 
that is, circular in one direction, and rectilineal in another ; 
but we may combine a splierical surface either convex or 
concave, with a cylindrical surface either convex or con- 
cave, and thus produce cylindro-spherical lenses, an ingeni- 
ous application of which to vision was made by Mr Airy, 
for the purpose of remedying a defect in his own eye. 

This class of lenses, therefore, whether entirely cylindrical 
or cylindro-spherical, having been found of real use both 
in matters of science and for the purj)oses of vision, it be- 
comes of consequence to give a general account of their 
properties. 

Let LLL'L (fig. 44) be a double convex cylindrical lens, 
composed of two cylindrical surfaces, 
one of which is LLL'L Then 
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rays passing through the thinnest por- 
tion of the upper part of the lens, it . 
is obvious that they will be refracted ■ 
to a focus at F, at the same distance 
from the lens as in an ordinary lens. 

In like manner the rays R'R'R' falling upon the lowest 
portion of the lens will have their focus at F. Every 
intermediate portion of the lens mW have a similar focus 
somewhere in the line FF', and if we suppose all the rays 
to proceed from a distant object, such as the sun, there will 
be an image of the sun, or a luminous focus in every point 
of the line FF, and FF will be a brilliant line of light. 

This projierty of a cylindrical lens to form a bright line 
of light has been ingeniously applied by Captain Kater in 
the construction of his azimuth compass, which we have 
described in our article Magnetism:, vol. xiv. 

In cylindrical lenses diverging and converging rays will 
have the same foci as in common and concave lenses of the 
same curvature ; and therefore the rules for finding their 
foci are applicable also to them. 

Cylindrical lenses have been applied by Sir David 
Brewster for improving the vision of objects that are 
rectilineal, such as the defective lines in the solar spectrum. 
When these lines are not visible, or are very imperfectly 
visible, on account of the imperfections of the telescope, 
the application of a cylindrical lens, either solid or fluid, 


renders them more visible when the axis of the cylinder or Dioptrics 
cylindrical surface is accurately perpendicular to the lines. 

A prism has a similar effect. Both of them act in filling 
up the irregularities of the edges of the lines by a succes- 
sion of images of other parts of the line. If we look, for 
example, at a screw nail, or a twisted or rough rope, through 
a prism or cylinder, wliose length is perpendicular to the 
screw or rope, the edges of both will be as smooth as if they 
were polished cylinders. 

A patent was taken out several years ago by a Parisian 
artist for a transverse cylindrical lens similar to that showm 
in fig. 25; vvhich differs from the cylindrical lens in fig. 

42 in this, that the second cylindrical surface has the axis 
of the cylinder of which it is a part, perpendicular to the 
axis of the cylinder of which the first surface is a part. 

The effect of this combination is exactly equivalent to a 
plano-convex glass of the same radii of curvature, and 
therefore it does not possess any superior properties, as was 
believed by its inventor. 

If we cross two cylindrical lenses, such as that in fig. 41, 
at right angles, we shall have all the effect of a double con- 
vex lens. Or if we cross two good test tubes filled with 
water or any other fluid, in the same manner, we shall also 
obtain a rude imitation of the effect of a spherical lens, which 
may answer for the common purposes of a microscope. 

(See Microscope, vol. xiv.) 

The application of a cylindro-spherical lens by Mr Airy Mr Airy’s 
to the purpose of remedying imperfect vision in his own eye, sphero-oy- 
deserves to be more particularly noticed. He found thatlintirical 
his eye refracted rays to a nearer or shorter focus in 
vertical than in a horizontal plane, ^ so that his eye was 
completely useless. Hence he concluded that the curva- 
ture of his cornea was greater in a vertical than in a hori- 
zontal plane, and he ingeniously proposed to correct this 
defect by cylindrical refraction. As the eye was short- 
sighted, he required concave surfaces to correct the general 
defect of a too convex cornea. He therefore had a lens 
constructed which was doubly concave, one of the surfaces 
being spherically concave, and the other cylindrically con- 
cave, and of such a curvature as to bring to the same point 
the vertical and horizontal foci of the cornea. An artist of 
the name of Fuller, at Ipswich, constructed for Mr Airy 
lenses of the proper dimensions, which enabled him to read 
the smallest print at a considerable distance with his defect- 
ive eye, as well as he could do with the other. He found 
that vision was most distinct when the cylindrical surface 
was turned from the eye, and h'e placed the lens as near the 
eye as possible. There is another application of cylindrical 
lenses which we believe has not hitherto been made. In 
all preparations of natural history, objects w4uch are gene- 
rally preserved in cylindrical bottles or vessels containing 
fluids, the objects are always seen distorted, being magnified 
to tlie greatest extent in a plane perpendicular to the length 
or axis of the cylinder, while in a rectangular direction the 
object is not magnified at all. In order to see the objects 
of their true shape, and have them equally magnified in all 
directions, a cylindrical lens of a suitable focus should be 
employed, so that the axis of the cylinder may be at right 
angles to the cylindrical axis of the vessel. 

Sect, ILL — On the Formation op Images by Lenses, 

AND ON THE ViSION OF OBJECTS THROUGH THEM. 

In the preceding section we have treated of the forma- 
tion of images by rays transmitted through small apertures, 
and have considered the formation of images by reflecting 
surfaces. 

In order to explain the formation of images by convex 
lenses, whether double, or plano-convex, or meniscuses, let 


^ This was the case also in Dr Thomas Young’s eye, but it did not injure his vision. (JEJl. iV«t. FAiL, vol. ii., pp. 578,579.) 
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LL (fio** 45) be a convex lens, MN an object farther from behind the lens ; and NLL another similar cone from the Dioptrics, 
it than*lts princi})al focus. Let MLL be a cone of diver- other extremity N of the object, and having their focus at n, 
o-ent rays proceeding from M, and having their focus at m Every other part of the object will send out rays in all direc- 



tions ; but only those which fall upon the circular surface 
of the lens LL will be refracted by it, and they will all have 
their focus between m and n. These refracted pencils, 
however, cannot be shown in the figure without crossing 
one another. As every part of the object MN will there- 
fore send to corresponding points of the image mn rays of 
their own colour, an image of MN resembling it in all re- 
spects will be formed at mn^ and as the rays from the upper 
part M of the object go to w?., and from the lower part to n, 
this image will be an inverted one; and if we draw lines 
through the centre of the lens from M to and N to w, it 
will be evident from the similarity of triangles that the size 
of the image will be to the size of the object as the distance 
of the image from the lens is to the distance of the object. 

If we place the eye behind this image mn^ we do not see 
it suspended in the air at nm^ but it appears as if it were in 
front of the lens. That the image, however, is formed at 
mn may be proved by viewing it on smoke raised at that 
place, or on a piece of ground glass, or semi-transparent 
paper ; or if we bring the eye in front, we shall see it dis- 
tinctly painted on any white ground, such as a })iece of 
white paper. We shall suppose it, however, to be seen on 
smoke by the eye placed behind it at A or B. It will be 
seen exactly at as if it were a real object ; and in order 
to see it distinctly, the eye must view it at the same dis- 
tance as it views other objects, and it may be viewed as 
any other object is, through a pair of spectacles or a mag- 
nifying-glass. 

As all the rays from MN cross each other at the points 
w, n of the image, the very same rays radiate from those 
points that radiated from M, N, and consequently the very 
same effect must be produced in the eye as if these rays 
proceeded from a real object at mn. Hence, by placing an- 
other convex lens at a proper distance behind mn^ a distance 
greater than its principal focus, we may form another image 
of this image in the conjugate focus oi' the second lens. 

If we wish to form a magnified image of an object by any 
lens, we have only to place the object nearer the lens, and 
it follows from the rules for conjugate foci that the image 
will increase. If MN, for example, is brought nearer LL, 
the image mn will recede from the lens, and increase in size. 
When ML is equal to twice the principal focal distance of 
the lens, the distance of the image mL, and the size of the 
image will be the same as that of the object MN. If MN 
comes still nearer the lens, mn will recede still farther, and 
continue to increase in size till it becomes infinitely large 
and infinitely distant. When this 'happens, the rays which 
form it will have become parallel. If during all these 
changes the eye is withdrawn from the lens, so as to be at 
least six inches behind the place where the image is formed, 
it will observe the image distinctly before it. But when 
the rays become parallel, the eye may then be placed im- 
mediately behind the lens, and it will see the object dis- 


tinctly in the anterior principal focus of the lens, and mag- 
nified in proportion to the shortness of the focal distance of 
the lens. 


In the preceding paragraphs, we have described the prin- 
ciples of the camera ohscura^ the compound microscope^ and 
tlie operation of the single microscope. When the image 
mn is distinctly formed on paper, the lens LL acts as in 
the camera obscura^ painting all objects before it in their 
natural colours, in their just proportions, and with all their 
movements, on a white ground placed behind it. When the 
image mn has become greater than the object MN, by the 
advance of the latter to the lens, the eye views this mag- 
nified })icture, and the effect is the same as in the compound 
microscope^ whose object-glass is LL, and whose eye-glass 
has a focal distance equal to that of the eye. When the 
image is infinitely distant, and the rays enter the eye paral- 
lel, the object being then in the anterior principal focus of 
the lens LL, and tlie eye behind it, the lens is then acting 
as a single ynicroscope. 

When objects are within our reach, such as microscopic 
objects, or near objects presented before a camera obscura, 
it is always in our power to illuminate them with artificial 
light, and tlius make dark objects give brighter images ; but 
when this cannot be done, in consequence of tlie objects 
being out of our reach, we can increase the brightness of 
the image by increasing the area or superficies of the lens. 
If the area of the lens LL, for exanqile, were doubled, it 
would collect twice the quantity of rays that flow from every 
point of an object, and concentrate them at the correspond- 
ing points of the image mn. 

In order to understand the principle of the telescope and 
single microscope, we must be acquainted with what is called 


the apparent magnitudes of objects. If we hold a sixpence 
A (fig. 46) at the distance of six or eight —— 
inches from the eye E, then it it will 
exactly cover or appear equal to a shil- ^ ^ 
ling placed at B, a half-crown placed at 
C, and a crown at D. If we remove the sixpence A, the 
shilling will just cover the half-crown. If we remove the 
shilling, the half-crovim will just cover the crown. Hence 
all these coins, placed as they are in the figure, are said to 
have, to an eye placed at E, the same apparent magnitude, 
because they are all seen under the same angle DEF, and 
would all cover the same portion of the sky, or of any dis- 


tant object. 

If the sixpence A is brought thrice as near the eye E as 
in fig. 47, its angle of apparent magni- 
tude will now be GEF thrice as great 
as DEF (fig. 46), and it will appear ^ 
thrice as large as DF. The sixpence H 
has therefore been magnified; and if^A& 
we interpose a lens between it and the rig. 47 . 


eye, so as to make the rays refracted by the lens parallel, 
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Dioptrics, it will appear distinctly magnified^ and the lens which we 
interpose will be a single microscope. 

Objects within our reach, and capable of being placed 
where we please, may be therefore magnified to any extent 
by placing them very near the eye, and in the anterior focus 
of a small convex glass, which, by making the diverging 
rays parallel, render the object as distinctly seen under a 
great angle as if it were a large object placed at a distance, 
and subtending the same angle at the eye. 

Rationale But when objects are at a distance and beyond our reach, 
of the tele- such as remote terrestrial objects, and the planets and stars, 
scope. gan magnify them, or represent them to our eye under 

a greater angle of apparent magnitude, by a different prin- 
ciple. If, when the object is the dial-plate of a clock, at 
the distance of 12,000 feet, we place a lens whose focal dis- 
tance is six feet in the end of a tube about 6 feet long, and 
direct it to the dial-plate, a distinct inverted image of the 
dial-plate will be formed in the focus of the lens at a dis- 
tance of 6 feet from it. If we then view this image with 
our eye placed six inches behind it, we shall see the image 
of the dial-plate distinct and magnified. Now, as the dis- 
tance of the dial-plate is 12,000 feet, and that of the image 

7 ..... ,.1 1 . -n 1- 12,000 

only SIX feet from the lens, the image will be — g — , or 

2000 times smaller in diameter than the object, not in ap- 
parent magnitude, but by real measurement; and if we 
were to take the image and ))lace it beside the dial-plate, 
and view them botli at the distance of 12,000 feet, their 
apparent magnitudes would, like their real magnitudes, be 
in the proportion of 2000 to 1. But the image is fortunately 
within our reach, and we can do with it what we choose. Let 
us first view it with the naked eye, which, generally speak- 
ing, sees objects most distinctly at a distance of 6 inches, and 
as we see it at the distance of 6 inches, it will appear as 
much greater as it would have done at the distance of 12,000 
feet as 12,000 feet is to 6 inches, or as 24,000 is to 1. Hence 
it follows, that though the image is diminished in the focus 
of the lens 2000 times, yet it is magnified from its proxi- 
mity to the eye 24,000 times, — that is, it is magnified on 
24 000 

the whole 2 qqq > twelve times. Now, this magnifying 

effect will be found under all circumstances to be equal to 
the focal length of the lens employed, divided by the focal 
distance of the eye, or the distance at which it sees small 
objects most distinctly, which is 6 inches, — that is, in the 

^ 6 feet 72 inches . ? a 

present case ^ — , or -;r-: — : — , or twelve times. A 
^ 6 inches 6 inches 

short-sighted person, whose eyes have a focus of only 3 
inches, would be liable to see the same image of the dial- 
plate at the distance of three inches, and in his case the 

magnified effect would be ^ times ; and an 

old person, or one whose eyes were long-sighted, bO as not 
to be able to see objects distinctly nearer than 12 inches, 
would see the dial-plate magnified only 6 times. But both 
these persons could put on highly magnifying spectacles, 
so as to see the image at very short distances, or what is 
the same thing, to look at the image of the dial-plate through 
a magnifying glass, which would enable them to see it at 
the distance of 1 inch. In this case the magnifying effect 
72 

would be — , or 72 times. 

Telescopes. But the instrument which we have now fitted up is pre- 
cisely a telescope, the large lens being its object-glass, and 
the small one used by the observer its eye-glass ; and hence 
the magnifying power of such an instrument is always equal 
to the focal length of the object-glass divided by the focal 
length of the eye-glass. The image formed by such a 


telescope is inverted, which is of no consequence when we Dioptrics, 
look at the heavenly bodies, and it is therefore called an 
astronomical telescope; but in looking at the dial-plate, Astrono- 
and at terrestrial objects, the inversion would be disagree- mical. 
able ; and it is therefore usual to make the image erect, by 
using either a concave eye-glass, or three or more convex 
eye-glasses. In the former case it is called the Galilean Galilean. 
telescope^ and in the latter a terrestrial telescope. 

When the distance of the object is not very great, or Their mag- 
when the focal length of the lens bears a considerable pro- nifying 
portion to the distance of the object, the magnifying power power, 
of a lens, when the eye views the image formed by the lens at 
the distance of 6 inches, will be the following. Subtract the 
focal distance of the lens in feet from the distance between 
the image and the object, and divide the remainder by the 
same focal distance. By this quotient divide twice the 
distance of the object in feet ; and the quotient will express 
the magnifying power, or the number of times that the object 
has been increased in apparent magnitude by the lens. 

The very same observations apply to images formed by Reflecting 
concave mirrors ; and hence a single concave mirror be- telescopes, 
comes the simplest form of the reflecting telescope, the eye 
viewing the image which it forms. In the case of such 
images the body or the head of the observer must be placed 
between the object and the image, so that in order to use a 
single concave mirror, we must either make the mirror so 
large that the observer’s head will not obstruct all the light, 
or we must make the reflection a little obliquely, or, what 
is done in practice, we must by means of a small plane 
mirror or a prism reflect or refract the rays to one side, so 
as to allow the observer to look at the image formed by the 
concave mirror without obstructing the rays in their passage 
from the object to the mirror, the quantity obstructed by 
the plane mirror or prism being too small to do any injury, 

IC we view the image through a convex lens, so as to mag- 
nify it still more, the mijTor and the lens will constitute a 
reflecting telescope. 

Sect, IV , — On the Form: of the Images op Objects 
PRODTJCE n BY LeNSES OP DIFFERENT SiZES. 

Various optical wTiters^ have treated of the images of Form of 
objects, such as lines and surfaces ; but, in so far as we images ty 
know, no writer has treated of the shape and condition of the 
image of solids, such as the human figure, or of landscapes, 
the parts of which are placed at different distances from the 
lens or mirror by which they are formed. To the pho- 
tographer, and to the public who employ him, this subject 
is one of fundamental importance, whether the object to be 
delineated is to be looked at as a single picture, or consists 
of binocular images to be raised into relief by the stereo- 
scope. 

The images of solid objects, or objects in relief, formed 
upon a plane surface, differ in many respects from the ob- 
jects themselves. Science the most profound, and art the 
most inventive, have been combined, and in a great degree 
successfully, in executing lenses for telescopes, microscopes, 
and photographic cameras ; but even when a lens is optically 
perfect, all points of the object placed at different distances 
from the lens will be represented in the image with different - 
degrees of distinctness. The same is true of the images of 
objects seen by the most perfect eye when fixed on one 
point of the object. By changing its focus, however, if one 
eye is used, or, if two eyes are used, by converging the optic 
axis upon every point of the object in rapid succession, a 
distinct view of every part of it is obtained. This, however, 
cannot be done with the images of lenses ; and hence it is 
impossible to form upon a plane surface the image of any 
object in which all the parts sliall he equally distinct. 
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^ Smith’s Com;pUu Sifstem of Opths^ vol. i., p. 238 ; and vol, ii., p. 83, 
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Dioptrics. Following the geometrical principles of perspective, a cor- 
rect picture of any object whatever upon a plane surface is 
obtained by drawing lines from the point of sight through 
every point of the object to that plane. Such a picture, 
thus stippled as it were, will be more distinct than any 
picture formed in the most perfect camera, because every 
point will in the one case be equally and perfectly distinct, 
while in the other those points alone wliich are equidistant 
from the lens will be distinct, all the rest being little discs 
of light, increasing in diameter with their distance from 
their true foci. As the images seen by the human eye are 
formed by a lens, whose aperture is the pupil, about one-fifth 
of an inch in diameter, we may regard it as a correct repre- 
sentation of external objects, not differing perceptibly from 
the perspective picture. For the same reason, we may con- 
sider the image of an object formed by a lens one-fifth of an 
inch in diameter as a correct representation of it. 

If we now, in perspective, take a new point of sight one- 
fifth of an inch distant from the first, and draw lines as before 
from every point of the object supposed to be fixed, the 
perspective representations of it on the former plane will 
be changed, the two pictures will be dissimilar, and the 
similar points of the one will not coincide with the similar 
points of the other. For the same reason, if we look with 
one eye at the same object from two different points one-fifth 
of an inch distant, we shall obtain two views of this object 
equally dissimilar. The dissimilarity of the two pictures will 
increase with the distance of the two points of sight ; and if 
the points of sight are distant 2-^ inches, the dissimilarity will 
be consid,erable. But the two eyes of man are distant 2^ 
inches, and therefore the pictures of objects seen by each eye 
must be very dissimilar, the right eye seeing parts on the left 
side of a statue, for example, which are not seen by the left 
eye, and the left eye seeing parts on the right side of the 
statue which are not seen by the right eye. If we wish, 
therefore, to have a picture of any solid object exactly the 
same as it is seen with our two eyes, we must take it with two 
lenses one-fifth of an inch in diameter, placed at the distance 
of 2^ inches, and having their axes converged to the point 
of the object which we desire to see most distinctly. Or 
we may take the picture by a lens three inches in diameter, 
by means of two apertures one-fifth of an inch in diameter, 
the centres of which are one inch and a quarter distant from 
the centre of the lens, the line joining them being hori- 
zontal. The picture thus taken will not be so distinct as 
one taken with the single lens of the same diameter.^ 

These facts being admitted as rigorously true, let us 
suppose that a perfect lens four inches in diameter is em- 
ployed to produce upon a plane surface, the ground glass 
of a camera for example, the image of any object, lineal, 
superficial, or in relief, the diameter of the pupil being one- 
fifth of an inch. Then, as there will be in the lens several 
hundred areas (400 if the apertures are square) equal to 
that of the pupil, the image formed by the lens will be a 
compound image, or a combination of 400 perspective 
views of the object, taken from 400 different points of 
sight, each distant J-th of an inch from its neighbour, and 
all those formed by the margin of the lens such as seen 
from points of sight 3 inches and four-fifths distant from each 
other. Such a jumble of incoincident images cannot under 
any circumstances be a true representation of an object, 
whether dead or alive. This view of the question, founded 
on the principles of perspective^ will be more intelligible if 
we consider the subject in its optical aspect. 

Let LL' (fig. 48) be either the horizontal or the vertical 
section of a lens, and let ABDEC be the similar section of 
a solid cylinder A BCD, terminated by a cone CED, placed 
before the lens in order to have an image or picture of it 
taken upon a plane surface behind the lens. Prolong the 
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lines EC, ED, till they meet the lens at the points c, d, and Dioptrics. 
CA, DB till they meet it at the points h. If we now 
cover all the lens x. 

except the central 
portion ah^ or use a 
lens of the diameter 
a6, the image of the 
object ABE will be 
a circle^ because not 
a single ray from the 
lines AC, BD, or 
CE, DE — that is, 
fi-om the surface of 

the cylinder or the Fig. 48. 

cone — can reach the lens ah. In like manner, if 
we cover all the lens except erf, all the rays from AC, 

BD— that is, from the surface of the cylinder — will fall 
upon the lens erf, but none of the rays from EC, ED, the 
surface of the cone. But when the whole lens L'L is ex- 
posed, the rays from EC, ED will fall upon it, and have 
their image formed behind the lens. The image of the 
solid thus formed upon a plane, such as the ground glass of 
a camera, will be represented by a circle corresponding to 
AB, surrounded by a luminous ring, whose external diame- 
ter represents the surface of the cylinder, and a second 
ring whose external diameter represents the surface of the 
cone. If the object ABDEC is viewed by the eye, the 
diameter of whose pupil is the circular end AB of the 
cylinder would alone have been seen ; so that it is obvious 
that the images of objects must vary with the diameter of 
the lenses which produce them. These results have been 
confirmed by direct experiment. 

Let us now apply these principles to pictures of the human 
bust taken by a photographic camera. The human face 
and head, or bust, consists superficially of various lines and 
surfaces, inclined at all angles to the axis of the lens by 
which their image is to be formed upon a plane surface. 

A true perspective representation of the human head placed 
at AB will be given by a lens ah^ whose diameter is equal 
to that of the pupil of the eye. From such a portrait all 
surfaces, such as AC, BD, EC, ED, will be excluded, be- 
cause no rays from them can fall upon ah ; but if we use 
the whole lens LL', all these surfaces, and all those of an 
intermediate inclination, between AC and EC, and between 
BD and DE, will be introduced into the portrait. If LL' 
is a horizontal section of the lens, the marginal parts between 
a and L might introduce into the portrait the left eye, the 
left ear, or the left side of the nose, which are not visible 
in a true perspective representation of the head ; and for 
the same reason the marginal parts between h and L' might 
introduce into the portrait the right eye, or the right ear, or 
the right side of the nose, which are not visible in a true 
perspective representation of the head ; or all these features 
will be enlarged or widened horizontally, because they 
subtend a greater angle, as seen from the marginal parts of 
the lens. If LL' be a vertical section of the lens, the top 
of the head, the upper part of the lips, and the eyelids will 
be introduced into the portrait by the npper marginal part 
of the lens ; while the lower part of the nose, the interior 
of the nostrils, the lower part of the upper lip, and the lower 
part of the chin will be introduced by the marginal parts 
bU of the lens. The same is true of all other sections of 
the lens ; and a monstrous representation will thus be ob- 
tained of the human head, the monstrosity incresising with 
the size of the lens. The form and character of portraits 
will thus vary with the shape of the lens ; so that by making 
it circular, oval, square, rectangular, triangular, or any 
irregular form, we may produce remarkable modifications of 
photographic portraits. A round and swelled face might 



^ See JSdmhwrgh Transactions, vol. xv., p. 365. 
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Dioptrics, be improved by a lens whose length is three or four times 
its breadth, and a narrow and pinched face might be im- 
proved by a large circular lens. 

The hideousness of photographic portraits is universally 
admitted. A distinguished writer speaks of the terrible 
reality of photography, adopting the general idea that the 
look of age and suffering exhibited in sun pictures arises 
from the unsteadiness of the sitter, and the necessary con- 
straint of feature and of limb under which the victim 
submits to the operation. The true cause, however, modi- 
fied doubtless by others, is to be found in the size of the 
lens, however perfect it may be.^ 

There is another defect in large lenses which requires to 
be mentioned. When pictures of trees, of shrubs, and 
flowers, or any other object smaller than the lens, are taken, 
the images of these objects, though absolutely opaque, are 
transparent ; and leaves and stems, and small objects behind 
them, are seen like ghosts through the photographic image. 
This will be understood from the annexed figure, in which 
LL' is a large lens, and AB an object whose picture is to 
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Fig. 49. 

be taken by it* It is obvious that rays from a small object 
D situated beyond AB, will fall upon the marginal parts 
Lm, Vn of the lens, which will form an image of it in front 
of the image of AB, so that AB will appear transparent.^ 

The preceding observations, mutatis mutandis, are equally 
applicable to mirrors or specula, which are sometimes em- 
ployed for taking photographic pictures. 

Having described the nature of images taken by large 
lenses,^ it is of importance to notice certain properties of 
small lenses which render them peculiarly valuable in pho- 
tography, or other purposes where a very correct picture 
of objects is required If we could illuminate objects suffi- 
ciently, or give a very high degree of sensitiveness to the 
collodion or other material for the reception of their images, 
a small pin-hole, without any lens at all, would give the 
most accurate picture of objects of all kinds, whether lineal, 
superficial, or solid.^ In cameras with two large achromatic 
lenses, the light has to pass through a great thickness of 
glass, which may not be altogether homogeneous, and which, 
if it is not, must deform the image. The light, too, has to 
pass through eight surfaces, which may not be truly spheri- 
cal, and, whether so or not, must scatter light in all direc- 
tions upon the sensitive plate. If the optical axes of these 
surfaces are not perfectly coincident, the image must be 
injured ; and whether they are or not, the lights reflected 
from them must fall upon the sensitive plate. In addition 
to these evils, the difficulty of keeping away from the sensi- 
tive plate all extraneous light is in proportion to the size of 
the lens. From all these imperfections small lenses are to 
a great extent free ; and we have no doubt that the time is 
approaching when a single achromatic lens one quarter of 
an inch in diameter will be in universal use. In proof of 
this, we have now before us a photograph taken in sixty 


seconds with a single lens of rock-crystal,® not achromatic, Spherical 
and which is far superior to all others of the same person Aberra- 
(and they are numerous) taken by the first photographic ^ j 
artists with the most perfect cameras. With these facts 
before us, we have no hesitation in expressing our con- 
viction that the photographer who has the sagacity to per- 
ceive the defects of his instrument, the honesty to avow it, 
and the skill to remedy them by the researches of optical 
science, will take a place as high in photographic portraiture 
as that of a Reynolds and a Lawrence in the sister art. 


Part III.— ON SPHERICAL ABERRATION, AND 
CAUSTIC CURVES. 

The rules which we have already given for finding the 
foci of lenses and mirrors, are strictly applicable only to 
rays that pass near the axis of the lenses and mirrors ; and 
this may be readily proved by the method of finding the 
refi'acted and reflected ray which we have explained and 
used. 


Sect. L — -On the Spherical Aberration of Lenses. 

In order to prove and illustrate the preceding truth, we Spherical 
shall suppose parallel rays to be incident on a mass of glass aberration 
MNOP (fig. 50) in which there is only one refraction at its 
first surface, and we do this both to avoid the confusion of 
lines, and because it is perfectly sufficient for the purpose 
of explanation. Let RS be the axis of the spherical sur- 
face MN, passing through 
S, its centre of curvature; 
and if we consider it a ray, ' 

also, it will go on to F m — i 9 

without any refraction. 

Let RB be a ray falling ^ 
on the refracting surface 
at a distance from the axis " 

RS, and parallel to it. 

of inci- 



Fig. 50. 


From the point 
dence B draw BS, which 
will be perpendicular to the surface at B,and take BG three- 
fourths of BR, BG being to BR as 1 is to 1*500, the 
index of refraction. From G draw GD parallel to BS, 
and making BD equal to BR, through the points D and B 
draw BfC for the refracted ray. Do the very same thing 
for the ray RB' falling on the point B', and parallel to RS, 
and equidistant from it, and B^A will be the refracted ray. 

If we now take two rays rb, rU near the axis, and parallel 
to and equidistant from it, and apply the same method of 
projection to them, we shall find the refracted rays to be 
^F, 5'F crossing the axis, and convergingatapoint F, more 
remote from the refracting surface than /I If we draw 
through F a line AFC, perpendicular to the axis, then A 
and C being the points where the marginal or most remote 
rays which fall on the surface MN meet AFC, and F be- 
ing the focus of those nearest the axis, the distance /F is 
called the longitudinal spherical aberration, and AC the 
lateral spherical aberration of the lens. 

These results may be obtained experimentally by cover- 
ing up with a circle of black paper, ^1 the central parts of 
the spherical surface, leaving a clear marginal ring corre- 
sponding with BB*. If the surface thus limited is exposed 
to the solar rays, we shall find a pretty distinct picture or 


^ The photographic picture of a cube taken by a lens of a greater diameter than the cube, will show po^ of its sides, when a true per- 
spective representation of it is simply a single square of its surface. 

^ See Sir D. Brewster’s Trmtise on the Stereoscope^ p. 176, where this phenomenon is more fully explained. 

® Lenses of nine and even twelve- inches diameter have been used in- photography. 

^ See Treatise on the Stereoscope already referred to, p. 137, 

® A single lens of rock-crystal should have its radii as 14 to 1. which is nearly a nlano-convex. the flattest side being turned to 
the object. 
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Spherical image of the sun formed at/ which, from a cause which 
Aberra- explain, will be highly coloured at the edges. 

f If we now remove the black circle from the surface MN, 
and cover the outside surface with black paper, excepting 
a small opening in the vertex of the lens, where the axis 
RS cuts it, and expose the lens to the sun’s rays, we shall 
find the image of the sun distinct at F, and it will be less 
coloured than the image formed at / from another cause. 

If we now expose successive rings of the surface MN to 
the sun’s light, shutting up all the rest of the lens, we shall 
find that the ring nearest the axis will have its focus near/, 
between /and F ; the second ring, its focus still nearer F ; 
the third, its focus still nearer F ; and so on, till the last 
ring will give its image of the sun close to F. Hence it 
follows, that there will be distinct images of the sun formed 
by each ring, and occupying the whole space /F ; and, 
therefore, if we expose the whole surface MN to the solar 
rays, the image of the sun must be extremely confused 
and indistinct ; and if received upon a sheet of white paper 
placed at AC, it will consist of a bright disc at F, sur- 
rounded with a broad halo of light, becoming fainter and 
fainter towards A and C. 

As this is true of every spherical surface whatever, it 
follows that every image formed by a spherical surface or 
lens, and every object seen through it, must be indistinct, 
from the confusion of rays produced by spherical aberra- 
tion. As this indistinctness increases with the aperture of 
the lens, or the distance of the marginal rays from the 
axis, we may remove it to a certain degree by limiting the 
aperture, or using smaller lenses ; but excepting in the case 
of the sun or any highly luminous body, this diminution 
of the aperture would injure vision, from the want of light, 
especially in microsopes and telescopes; and hence it 
becomes an object of the highest importance in optics, and 
it is one which has occupied much attention, to discover 
methods of diminishing or correcting the spherical aberra- 
tion of lenses. 

Philosophers have therefore been led to calculate with 
accuracy the amount of spherical aberration in lenses of 
different forms, and having different sides exposed to the 
incident rays. The following are the results which they have 
obtained, and they may be readily verified either by experi- 
ment, or by tracing the refracted rays through large dia- 
grams of lenses of different shapes. 

1. In a plano-convex lens (such as that shown at E, fig. 
22.), whose plane side is turned to parallel rays, or to 
distant objects, if it is intended to form an image of them 

aberration. ; or with its plane side turned to the eye, if it 

is to be employed as a single microscope or magnifier, — 
the spherical aberration is times its thickness, or the 
greatest that can be obtained from it. This is called its 
worst position. 

2. In a plano-convex lens, whose convex side is turned 
to parallel rays^ the spherical aberration is only l-j^irths of 
its thickness, or the least that can be obtained from it. 
This is called its best position. 

3. In double convex lenses with equal convexities, the 
spherical aberration is l-i^-J^ths of their thickness, greater 
than that of a plano-convex Jens in its best position. 

4. In double convex lenses having their radii as 2 to 5, 
the spherical aberration will be the same as in a plano-- 
convex lens in its worst position, if the flattest side, or that 
which has its radius 5, is turned towards parallel rays ; and it 
will be the same as that plano-convex lens in its best posi- 
tion, if the surface whose radius is 2 is turned to parallel rays. 

6, The lens of least spherical aberration is a double 
convex one, the radii of whose surfaces are as 1 to 6, hav- 


Forms of 
lenses of 
least and 
greatest 


ing the surface whose radius is 1 turned towards parallel Spherical 
rays» In this, which is its best position, the aberration is Aberra- 
only IjJ^ths of its thickness. But if the side with the 
radius 6 is turned towards parallel rays, the aberration will 
be S-j^ths of its thickness. 

If we determine the virtual focus of the central and 
marginal rays for a concave surface (as in fig. 50), we shall 
find that the spherical aberration is exactly the same for 
concave as for convex lenses ; and hence all the preceding 
results are equally applicable to them. 

If we suppose that the lens of least spherical aberration 
(as in art. 5) has an aberration expressed by unity, the com- 
parative aberrations of other lenses will be as follows ; — 

Double convex or concave with radii as 1 to 6, in ) 7 .nno 

best position J 

Plano-convex or concave in best position 1’081 

Double equi-convex or equi-concave 1*661 

Plano-convex or concave in worst position 4*206 

As a general rule for all lenses already made, and whose 
focus it is inconvenient to alter, the most convex surfcuce 
should always be placed towards parallel rays when the 
lenses are used singly. 

The preceding results are calculated on the supposition, Abermtion 
that the lens is made of glass whose index of refraction is 
1*500 ; but the numerical results vary greatly when we use 
transparent media of higher and lower refractive powers. 

When the index of refraction is 1*6861, which is nearly 
that of some of the metallic glasses, and of several precious 
stones, and of sulphuret of carbon nearly, the lens of least 
spherical aberration is not one which has its radii as 1 to 
6, but one which is plano-convex ; and when we come to 
higher refractive powers, such as those of sapphire, ruby, 
garnet, and diamond, of which lenses are now made for mi- 
croscopes, and ought to be made for the eye-glasses of power- 
ful telescopes, one of the surfaces of the lens of least sphe- 
rical aberration must be concave. This will be seen from 
the following results which we have calculated from Sir 

John Herschel’s formula,^ viz., ~= ^ where R'' 

xt Zfu fJtj 

and R' are the radii of the surfaces of the lens of least sphe- 
rical aberration, and p the index of refraction.'^ 


Index of Refraction. 

Ratio. 

Vacuum 

...I'OOO 

..1 to 1*00 equi-convex. 

Tabasheer 

... 1*100 

..1 to 1*31 

New fluid in amethyst... 

... .1-111 

..Ito 1*35 

Second do, in topaz 

...1*200 

..Ito 1*76 

Ice 

,.,a*3oo 

.1 to 2-43 

„ Water 

...1*3368 

,.lto 2*77 

Cryolite 

...1*360 

,.l to 2*93 

Fluor spar 

...1*400 

.1 to 3'60 

Plate-glass 

...1-600 

.1 to 6*00 

Quartz, Topaz 

...1-600 

.1 to 14-00 

Chrysolite 

...1*686 

.1 to infinity, plano-convex. 

Sulphuret of carbon 

...1*700 

.1 to— 93 meniscus 

G-arnct, Ruby 

...1*800 

.1 to-12 

G-lass— 'lead 2^, flint 1 . . . 

...1*900 

.1 to-7 

Zircon 

...2*000 

.1 to-5 

Diamond, Octohedrite . . . . 

...2-600 

.1 to -2*5 

Chromate of lead 

...3*000 

.1 to— 2*1 


3*600 

.1 to -1*6 


4*000 

.1 to— 1*5 equal radii. 


infinite 

.1 to-1 


But it is not merely the curvature of the lens of least 
aberration that changes its character and its magnitude, — 
the aberration itself suffers a very great variation. This 
will appear from the table already referred to in the article 
Microscope. 

In the case of diamond the aberration must be next to 
nothing ; but in order to obtain this great advantage, its 
second surface must be very concave, which diminishes 


^ Phil, Trans, 

See OUT wtiole Mioboscopb, vol. xiv., p. 771, for the numbers obtained by Mr Ooddington, from indices of refraction from 1'4 up 
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Spherical greatly its magnifying power. We have no doubt that arti- 
Aberra- ficial glasses or other solids will yet be made by art, and 
that mineral bodies will be discovered which will have such 
a high refractive power, as to enable opticians to remove 
almost wholly the spherical aberration of single lenses. 
Aberration Hitherto we have spoken only of the aberration of parallel 

effect of which is invariably to shorten the focus 
para . marginal or exterior rays ; but when the incident 

rays converge or diverge, the aberration diminishes, and the 
focus of the marginal rays continues to be nearer the sur- 
face than that of central rays, till the focus of convergence 
or divergence comes up to two particular points in the axis^ 
at the firfcst of which, as will be presently seen, the aberra- 
tion disappears,, and at the second of which, namely, the 
focus of parallel rays on the convex side, it is infinite. When 
the focus of convergence or divergence is situated between 
these points, the effect of aberration is to lengthen the focus 
of marginal rays, and shorten that of central rays, the focal 
distance of the latter being now shorter than that of the 
former. These results are true for all curvatures and all 
indices of refraction.^ 

Sir John Herschel has given the following general rule 
for all double convex or concave lenses, and for all menis- 
cuses and concavo-convex lenses in which t he sum o f the 
curvatures of their surfaces is greater than times 

their difference {p being their index of refraction). The 
effect of aberration will he to throw the focus of marginal 
rays more towards the incident light than that of central 
ones, when the lens is of a positive character, or makes pa- 
rallel rays converge; hut more FROM the incident light f of 
a negative character, or if it cause parallel rays to diverge?" 

We have mentioned above, that there is a point in the 
axis, at which rays which diverge from it, and fall upon a 
concave surface, will have no spherical aberration. This will 
be understood from ^ 

fig. 51, where BB' ■ 
is the first concave * 
surface of a medium, ^ 

C its centre, RCD ,, 

its axis, and A a ^ 
point in the spheri- -C 

cal surface, where it 
meets the axis be- 

yond the centre C. ^ 

If we take two points 

R, F, such that RC is equal to the radius AC of the sur- 
face multiplied by the index of refraction, or RA to AF 
as the index of refraction is to unity, then all rays diverging 
from R, whether marginal or central, and falling upon the 
concave surface BDB', will be refracted at BB' in direc- 
tions Br, BV, which will proceed from the virtual focus F 
without any spherical aberration. This may be readily 
proved by tbe projection of the rays. Hence if, upon F as 
a centre, with any radius FE greater than FD, we describe 
a circle MEN, we shall have the second surface of a con- 
cavo-convex lens, which will be entirely free of spherical 
aberration. This is evident, as the rays refracted by the 
first surface BDB' 
fall perpendicularly 
on the second sur- 
face, and suffer there- 

fore no refraction. I 

As there is a 
concavo-convex lens r — 
without aberration, 
for rays diverging 
from one point of its 

axis R (%. 51), so Fig. 62 . 

there is a meniscus without aberration for rays converging to 


a particular point in its axis. Let RB, R'B' (fig. 52) be Spherical 
rays converging to a point f in the axis RC/* of a convex 
refracting surface BDB', whose centre is C. If we take 
/C so that it is to the radius CD as the index of refraction 
is to unity, then it may be shown, by projection or calcula- 
tion, that the refracted rays RB, rb, whether marginal or 
central, will be refracted in lines BF, 5F, having the same 
focus F, without any spherical aberration. Hence if, with 
F as a centre, we describe any circle, having its radius Fd 
less than FD, we shall have the second or concave surface 
of a meniscus, which will have no aberration, because the 
rays BF, hF will pass through that surface perpendicularly, 
and suffer no refraction. 

Owing to the injurious effect of spherical aberration on 
the performance of telescopes and compound microscopes, 
philosophers have sought to correct the spherical aberra- 
tion of convex lenses by the opposite aber- s 

ration of concave ones. We have already A 

given drawings^ of three doublets without / \ 
spherical aberration, according to the cal- // \\ 

dilations of Sir John Herschel. We // \\ 

shall now give an account of the method / / \ \ 

used by Dr Blair of correcting the sphe- A-f — — tA ^ Dr Blair 

rical aberration in his compound object- ‘^Vii hj on spheri- 

glasses, and as they possess some histori- \ 1 | / cal aberra- 

cal interest, we shall give the same dia- \ 1 I 

grams which he employed. Let AB (fig. \ \ I / 

53) represent a convex lens receiving a \\ / 

pencil of diverging rays from the object S, \\ / 

and let D be the focus of marginal and F \l j/ 

that of rays incident near the axis, such M u 

as ST. The greatest longitudinal aberra- \ / 

tion will therefore in this case be DF. IL 

Let GH (fig. 54) be now a concave lens, W 

upon which are incident parallel rays or! 

SH, RK. Let P be the virtual focus of 58. 

marginal rays, such as SH, and N the focus of rays near 
the centre, such as RK, so that PN will be in this case the 
longitudinal aberration. The convex lens in fig. 53 is in 
the position which gives the least \ \ » , 

spherical aberration, and the con- \ 1 t jcf 

cave lens in fig. 54 is in the position \ 1 I j 

which gives the greatest aberration. \ / / 

Hence, in order to make the aberra- \ / / 

tions equal, we must make the focal \ j 

distance of the convex glass much 

shorter than that of the concave one, 1 / 

and if it is requisite to have the dis- \ \ I 
tance of the points F and N from \ 1 / / 

the convex and concave lenses the \ \ I 
same as it is shown in the figures, M M 

the object must then be placed much \ I I / 

nearer the convex lens. Hence the \1 j 

image of the. near object S is placed M i 

at the same distance from the con- \ j 

vex lens in fig. 53, or the virtual focus A I 

of the concave lens in fig. 54, where / 

it is shown as refracting parallel or n! k s 

infinitely distant rays. Fig. 64. 

When the focal distance KN, therefore, for parallel rays, 
is equal to the distance TF for rays diverging from S, and 
when the aberration DF and PN are equal, then if the 
two lenses are combined (as in fig. 55), parallel rays SH, 

RK falling upon them, will be refracted to the focus S, 
without any spherical aberration. For if we suppose all the 
rays from S, which the convex lens (fig. 53) converges to 
D and F, to be returned back from these points to the lens, 
they would be refracted accurately to S. But the parallel 
rays SH, RK, after refraction by the concave lens (fig. 54), 


^ Sir John HerschePs Treatise on Light, sect. 288. 


2 Ibid., 299. 


2 Art. Microscope, chap, ii., vol. xiv. 
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Spherical the directions HX, KV, are exactly in the same relative 
Aberra- situation as the rays which we have sup- 
^ posed to be returned directly back from F 
and D are in at their incidence on the con- 
vex lens. Hence, when these lenses are 
combined, as in fig. 55, parallel rays falling 
on the concave lens, and after refraction 
incident upon the convex lens, will be re- 
fracted accurately to S without any sphe- 
rical aberration.^ — — — (r—th 

Lenses not The difficulty of getting rid of the aber- 
spherical. ration of spherical surfaces induced opti- 
cians at a very early period to propose the 
construction of lenses that were not sphe- 
rical, and that had such forms as to be en- 
tirely free of spherical aberration. As the 
marginal parts of spherical lenses refract 
the rays which fall upon them too much, 
the spherical aberration would obviously 
be removed or diminished by giving the ^ 

surface any curvature in which the mar- J'if.ss. 
ginal parts become less convex. Now this is the character 
of two well-known curves, viz., the ellipse and the hyper- 
bola, which, as Descartes discovered, may be employed 
in the formation of lenses in the following manner : — 




Vig. 56. 

Ellipsoidal If a lens LL (fig. 56) has the form of a meniscus in 
lenses. which the convex surface LAL is part of a prolate spheroid 

formed by the revolution of an ellipse, whose greater axis 
AD is to its eccentricity (or distance between its foci F. /) 
as the index of refraction is to unity, and if the other sur- 
face LaL is concave, and part of a sphere whose centre is 
F, the remoter focus of the spheroid ; then rays RB, RA, 
RB, parallel to the axis RF of the spheroid or the ellipse, 
will be refracted by the convex spheroidal surface alone to 
the remoter focus F, and as these rays fall perpendicularly 
upon the second surface LaL, they will suffer no change 
whatever by its action, and continue their progress to F. 

The same property belongs to a concavo-convex lens LX', 
whose anterior or concave siirface is part of a prolate sphe- 
roid of the same dimensions as for the meniscus, and having 
its convex side spherical, with / as a centre, and of any 
radius. In this case, all rays R'5, R'5, parallel to the axis 
and incident at b, 5, will be made to diverge from the same 
virtual focus F, and will suffer no change of direction in 
passing out of the second or convex surface, as they all fall 
upon it perpendicularly. 

These truths may be proved by the most elementary 
principles of the conic sections, or by drawing a tangent 
mn to the elliptical surfaces at B, b, and determining the 
refracted rays by the method already described. 

Hyperbolic Upon the same prin- 
lens. ciples a plano-convex 
lens may be constructed 
without spherical aber- 
ration as shown in fig. 

Plano-cou- 57, provided its pos- 
vex. terior surface LaL is 
pan of a hyperboloid 



formed by the revolution of a hyperbola LaL, whose greater Spherical 
axis is to the distance between the foci as the index of re- Aberra- 
fraction is to unity. Parallel rays RB, RA, R'B', will suf- 
fer no refraction at the plane surface BAB', but, at the points 
of the convex surface 5, 5', will be refracted accurately to 
F, the further focus of the hyperboloid. 

In like manner a plano-concave lens, having its concave Plano-con- 
surface part of a hyperboloid, will diverge all rays so as to cave, 
have their virtual focus in one of the foci of the hyperbo- 
loid.2 

The following elegant method of determining the figure Huygens’ 
of a refracting surface which shall refract marginal andleiisofno 
central rays to the same focus is due to Huygens. Let R 
(fig. 58) be the focus 
of diverging rays, and 
F the focus to which it 
is required to refract 
them with accuracy. 

Take any point A as 
the vertex of the re- 
fracting surface requir- 
ed; the surface must 
be such that the inci- 
dent and refracted rays 
RB, BF, have such a ratio to each other, that the excess of 
RB above RA shall be to that of FA above FB, as the in- 
dex of refraction is to unity. In order to find the curve 
BAB which possesses this property, take in the axis RF any 
point D, and let DA be divided at the point C in such a 
manner that AC is to AD as unity is to the index of re- 
fraction, and from R and F as centres describe the arches 
of circles BDB', BCB', with the radii RD, FC, their points 
of intersection, B, B' will be in the required curve. In like 
manner, any other points in the curve may be found, and 
in order to convert it into a lens we have only to describe 
a spherical surface LaL, round the focus F as a centre, so 
that the refracted rays BF, B'F ma^ suffer no change by 
passing through it perpendicularly. The curve BAB° gra- 
dually approaches to an ellipsoid as the radiant point R 
becomes more distant from the lens, and when it is in- 
finitely distant the curve is the section of an ellipsoid, 
whose further focus is in F.^ 

Various attempts have been made to execute lenses of 
other forms than spherical, but without decided success. 

Descartes has described machines for this purpose in the 
tenth chapter of his Dioptrics, but though he succeeded to 
a certain degree in his experiments, yet the art has never 
been acquired of producing figures sufBciently accurate for 
fine telescopes and microscopes. 

Sect. IL — Spherical Aberration op Mirrors. 

It has been already stated under “ Catoptrics’" in this ar- Spherical 
tide, that in all reflections from spherical surfaces it is only aberration 
for the ray near the axis that the rules for finding their foci of 
are correct, those which fall farther and farther from the 
axis having their foci nearer the reflecting surface. Hence 
all the images which are formed by spherical surfaces are in- 
distinct from spherical aberra- 
tion, like those formed by lenses, 
with this difference, that the ^ 
images are not confused with 
the different colours which al- 
ways accompany the refraction ~ 
of lenses. 

If MN (fig. 59) is a concave 

mirror, by which parallel rays R, R are reflected from its 
margin, and r, r from near its axis, it will be found, from 




^ See Edinburgh Transactions, vol. iii., p. 27. ^ See Descartes’ Eioptrica, cap, viii. 

® See Newton’s Lectiones OjpJicce, part i., see. iv., and Haygens’ Traiti de la Lurmre^ p. Ill, &c. 
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' Spherical a simple projection of the reflected rays, that R, R will in- 
Aberra- variably be reflected to a focus F nearer the mirror than 
tion, the focus/of the central ray^ The space Ff is called the 
longitudinal or linear spherical aberration, and it will ob- 
viously become greater as the diameter of the mirror is in- 
creased, its focal length or its curvature remaining the 
same, and with its curvature when its diameter or aper- 
ture remains the same* 

In mirrors, in all cases but one, the marginal rays have 
a shorter focus than the central ones, or, what is the same, 
have their focus nearest the reflecting surface* This case 
takes place when the radiant point is situated between the 
surface and the principal focus on the concave side of the 
mirror, in which case the focus of marginal rays is farther 
from the mirror than that of central rays. 

There are only two cases in which spherical reflecting 
surfaces have no spherical aberration, — namely, when diverg- 
ing rays radiate from the centre of a concave mirror or 
spherical surface, in which case they are reflected back 
without aberration to the point from which they came, with- 
out any aberration ; and when they converge to the centre 
of a convex mirror or spherical surface, in which case they 
will be reflected back in lines diverging from the centre or 
virtual focus behind it, without any aberration. 

One of these cases, namely, the first, is not an ideal 
one, but is actually applicable to practical purposes. For 
example, if rays diverging from F, the centre of curvature 
(not the focus) of the reflecting mirror MN (fig. 60), fall 
upon the mirror, they 
will be reflected to F, 
and pass through F to- 
wards a lens LL, which 
will refract them into a 
parallel beam LLRR, 
if FL is the focal length 
of the lens ; or into a 
converging beam, so as 

to illuminate strongly any near object, if FL is greater than 
the focal length of the lens. This contrivance has been 
proposed for lighthouse illumination, where, in addition to 
the beam FLL radiating directly from F, the lens LL re- 
ceives also the other beam FMN, both of which it unites 
in one parallel beam LLRR. In the accurate illumination 
of objects for the microscope this contrivance is also appli- 
cable; and hence for this purpose a spherical mirror is 
better than a mirror of any other form. 

As we cannot in the case of reflectors diminish their 
spherical aberration as we did in lenses, by giving a different 
shape to the two surfaces, it becomes of great importance 
to form the reflecting surface in such a manner as to re- 
move the spherical aberration altogether. It is evident 
from the inspection of fig. 59, where CB is a perpendicular 
to the mirror at B, RMC the angle of incidence, and CBF 
the angle of reflection, that if the reflecting surface should 
be such that the line BF, drawn to a fixed point F, should 
always form equal angles with a line CB perpendicular to 
the mirror at the point of incidence, the parallel rays would 
all converge to the point F. Now the parabola is a curve 
which possesses this property, as shown in fig. 61. Let AEB 
be a parabola which forms a reflecting • 
surface by its revolution round its axis 
RFE, and let R, R, R be parallel Ga- 
rays incident upon the paraboloidal 
surface at the points A, E, B. Then 
if F is the focus of the parabola, and 
GH a line touching the curve at A, 
it is a property of the parabola^ that - 
the angle GAR is equal to HAF, but ei. 

GAR is the complement of the angle of incidence, and 


Parabo- 

loidal 

mirrors. 
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therefore HAF will be the complement of the angle of re- Spherical 
flection, and consequently AF the reflected ray. As this Aberra- 
is true for every ray parallel to the axis RFE, it follows ^ ^ 

that all parallel rays incident upon the surface of a parabo- 
loidal mirror will be reflected accurately to the focus of the 
paraboloid. 

It may be shown, in like manner, that convex parabo- Convex pa- 
loidal reflectors will reflect parallel rays so as to make them raboloidal 
diverge from the virtual focus of the paraboloid. If, in fig. ^iirrors. 
61, we continue the line RA to R', and also FA to r, it 
follows, from the above reasoning, that R'AH is equal to 
rAG, and that the reflected ray is Ar, diverging accurately 
from the focus F. 

When we wish to reflect diverging rays to a focus with- 
out aberration, we must have recourse to another solid of 
revolution, — namely, a prolate spheroidal surface formed by 
the revolution of an ellipse round its greater axis. In this 
case, rays diverging from one of its foci will be reflected 
accurately, without aberration, to the other focus. This will 
be understood from fig. 62, where R, F are the foci of an 
ellipsoid, AEB a section of the 
ellipsoidal surface, and GH a 
line touching the ellipse at A ; 
then if rays diverging from one 
of its foci R, fall upon the re- 
flecting surface at A, E, and B, 
they will be reflected accurately 
to the focus F, or if they radiate 

from F, they will be reflected to R, As it is a property of 
the ellipse^ that the angle GAR is equal to HAF, then since 
GAR is the complement of the angle of incidence, HAF 
must be the complement of the angle of reflection, and AF 
the reflected ray. As the same is true of every other point 
of the ellipsoidal surface, it follows that all rays incident 
upon it from one focus will be converged without aberra- 
tion to the other focus. 

In like manner it may be shown, by producing RA to Concave 
R', and RB to R', that rays falling upon a convex eUipsoi- 
daZ mirror, and converging to one focus, will be reflected 
as if they diverged accurately from the other focus ; that 
is, rays R'AR, RBR, converging to R, will be reflected in 
diverging directions Ar, Br, as if they diverged from the 
focus F, or rays rA, rB converging to F, will be reflected 
in directions AR', BR', as if they diverged from R as their 
virtual focus. 



If the concave surface of a mirror is a portion of a hyper- Hyperbo- 
boloid, a solid generated by the revolution of a hyperbola 
about its axis, rays converging to one focus will be 
fleeted to the other focus. Let AEB (fig. 63) be a sec- 
tion of the hyperboloid, and RAR', 

RBR', rays converging to its fo- 
cus; these rays will be reflected 
to its other focus F. Let GH be 
a tangent to the hyperbola at A, a- 
then by a well-known property of 
the hyperbola,^ the angle GAR is 
equal to HAF ; but the former be- 
ing the complement to the angle of 
incidence, and the latter the com- rig. 65. 

plement to the angle of reflection, AF will be the reflected 
ray. For the same reason, if the rays diverge from the 
focus F, they will, after reflection, diverge in the directions 
AR, BR, as if they came from the other focus R'. 

In a similar manner it may be shown, that in a convex 
hyperboloidal mirror AEB, rays diverging from one focus 
R', will be reflected in directions Ar, Br as if they diverged 
from the other focus F. 

The preceding truths are of great practical use in the 
construction of optical instruments. In all reflecting tele- 



Se© Conic Sections, vol. viiiy part i., prop, iii., cor. 3. 


Ibid., part U., prop, v., cor. 4. 


® Ibid,, part iii., prop. v. 
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Caustics, scopes, where parallel rays are required to be reflected to a 
single focus, it is necessary that the figure of the reflecting 
surface should be that of a paraboloid ; and as in the spe- 
cula of such telescopes the portion of the paraboloid which 
is requisite does not differ much from the same portion of 
a spherical surface that has the same focal length, artists 
have contrived f^articular methods by which the marginal 
parts of the spherical surface shall be worn down in the act 
of polishing, so as to convert tiie spherical into a parabo- 
loidal surface. 

In the reflectors of lighthouses, where a large surface is 
required to be used, a copper plate thickly plated with silver 
is hammered by means of a gauge to as correct a para- 
boloidal figure as possible, and a lamp being placed in its 
focus, the light which it radiates is reflected in a beam of 
considerable brilliancy. 

Mirrors for In the construction of reflecting microscopes, where the 
ra.cro- image of a small object placed in one spot has a magnified 

scopes. image of it formed in another point, an ellipsoidal speculum 

is used ; and Mr Cuthbert, an eminent London artist, has 
succeeded in giving to such small specula an accurate ellip- 
soidal form. Professor Potter has also succeeded, as we have 
mentioned elsewhere,^ in giving specula a true ellipsoidal 
form, and has published an account of the method by which 
he was able to effect this important object.^ 

Sect IIL — On Caustic Ctjuves tortmed by Spherical 
Replectino^ and Refracting Surfaces. 

Caustic When two or more rays of light cross one another at any 
curves. point, they illuminate any reflecting substance placed in 
that point with their united light. Hence it follows, that 
when spherical surfaces converge the rays which fall upon 
them to different foci, these different foci must form so many 
illuminated points, if they are received on smoke, on white 
paper, or on water with any reflecting particles suspended 
in it. The lines which passthrough these luminous foci, or 
rather the lines formed by the union of a great number of 
them, are called caiistics^ or caustic curves. As these 
curves are in reality a visible representation of the pheno- 
mena of spherical aberration, they possess considerable in- 
terest as experimental illustrations of that class of facts. 

When diverging rays fall upon a spherical mirror, whose 
surface exceeds a hemisphere, the caustics formed by re- 
flection are exceedingly beautiful. Let ACB (fig. 64) be 



the section of such a spherical surface ; whose centre is E, 
and whose principal focus for parallel and central rays is at 
f. Let a beam of light RAC, diverging from R, be in^- 
cident on the upper part AC of this mirror, the beam con^ 
sisting of the individual rays Rl, R2, R3, &c., up to RIO ; 
and let the reflected rays 1-1, 2-2, 3-3, &c., be found by 
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making the angle of reflection which they form with the Caustics, 
perpendiculars drawn from 1, 2, 3, &c., to E, equal to the 
angles of incidence which they form with the same perpen- 
diculars. We shall then have the directions, and also the 
foci and intersections of all the rays. The ray 10-10 does 
not meet the axis RC at all, but falling on the mirror at the 
point 3, will there suffer a second reflection. The ray 9-9 
has its focus exactly at C, the vertex of the mirror, where 
it will suffer a second reflection ; and so on with all the re^t 
up to 12, which is the last which will suffer a second re- 
flection. All the reflected rays, after 9-9, cross the axis, 
or have their foci at points gradually approaching to 
which is the focus of the central ray Rl. As all the rays 
proceeding from R, but not drawn in the figure, which fall 
upon the other half CB of the mirror, at points correspond- 
ing to Rl, R2, &c., will have their foci in the same points 
between C and /, there will be along that line a series of 
foci constituting a line of light becoming more intense to- 
wards /. 

But the rays RIO, R 9, R 8 cross each otlier after re- 
flection, and before they reach the axis, as shown in the 
figure, and hence there will be a beautiful curve of light 
A/, called a caustic^ formed by the intersection of these rays. 

The other half of the mirror CB will form a similar caustic, 
and the projecting points f are called the cusps of these 
caustics, and Cf their tangent. 

If a small pencil of light, consisting of two contiguous 
rays, moves from RA towards the position RB, being in- 
cident successively at 9, 8, 7, 6, &c., the conjugate focus of 
this pencil, or that formed by the intersection of the two 
rays of which it consists, will move along the caustic curve 
A/ while the points where it crosses the axis RC, or its 
focus formed by its union with a similar pencil similarly 
incident on the other half of the mirror, will advance from 
C to/. 

If we now consider ACB as a convex spherical surface, 
and place the radiant point R as far to the right of the ver- 
tex C as it is to the left of it in the figure, and if we project 
the reflected rays, we shall find that when traced back- 
wards, they will intersect the axis and each other, in the 
very same manner as they do in the figure, Ibrming an 
imaginary or virtual caustic, in place of a real one, the 
two being in every respect the same. 

while the radiant point R remains as in the figure, we 
suppose the convex surface ASB to receive the incident 
rays, it will then be found, by projecting the reflected ra^s, 
that they will form an imaginary caustic A^B, less than 
A/B, and joining it at the points A, B, This difference in 
size arises from the radiant point being in this case much 
nearer the convex surface than before. 

Let us now suppose that the radiant point R recedes from 
the concave mirror ACB, the point f of tlie cusps will gra- 
dually approach to F, the tangent Cf diminishing at the 
same time ; and when R is infinitely distant, or the rays 
parallel, the point / will coincide with F, the focus of 
parallel rays. The same will take place in the case of the 
convex mirror ACB ; but in the case of the convex mirror 
ASB, the point ^ of the cusps will approach to F', and will 
coincide with it when R is infinitely distant. 

If, in the case of the concave mirror ACB, the radiant 
point R now approaches to the mirror, the cusps / will ap- 
proach to the centre E of the mirror, the caustic curve kf 
becoming flatter and flatter, and when R reaches E, there 
will be no caustic at all, in consequence of all the rays being 
reflected back to the centre, all their foci and intersections 
having united in that point. 

In the case of the imaginary caustic A^B, when R 
approaches to S, ^ will also approach to S, the caustic 
approximating in form to the circular arch AS ; and when 


^ Art. Microscope, chap, iii., vol. xiv. 


2 of ScimeCf N.S,, No. xii., p. 228. 
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Caustics. R reaches S, will also reach S, the caustic disappearing 
when it has reached that limiting form. 

All that we have said is obviously applicable only to one 
section of the spherical mirror ; but as the same is true of 
every section whatever, the caustic will not be a curve, but 
a surface formed by the revolution of the curves A/B round 
its axis fCy all the reflected rays being tangents to this 
surface. 

We shall now consider the change in the appearance of 
the caustic, when the radiant point comes within the sphere 
of which the reflecting surface is a part, and when the 
mirror becomes a concave polished sphere. The effect 
thus produced is shown in fig. 65, RE being less than RS. 
In this case a remarkable double caustic will be formed, 



composed of a short one of the kind shown in fig. 64, and 
another with two long branches, one of which is shown at 
1, 2, 3, 4, 5, the dotted line below the axis SE showing the 
other halves of the caustic, and long branches converging 
behind the mirror. Had R been placed nearer S than E, 
the branches 1, 2, 3, &c., would have diverged behind the 
mirror, having their virtual foci within the mirror. When 
II is half-way between S and E, the curved branches be- 
come parallel lines. When R comes nearer E the branches 
j , 2, 3, &c., shorten ; the smaller caustics also shorten ; they 
both approach to the centre E, the long branches moving 
quickest, till at E, as we have already seen, all the rays from 
R are reflected back to the same point, and the caustics all 
disappear. 

M. A. Delarive, in his ingenious dissertation on caustic 
curves,^ has shown that caustics generated by parallel rays 
are epicycloids^ formed by one circle rolling upon a fixed 
circle concentric with that of the mirror, and having a radius 
equal to half of its own. Dr Smith has shown that when 
the radiant point is at S, the caustic is an epicycloid whose 
generating circle is two- thirds of the radius of the mirror, 
and the fixed circle one-third of that radius,^ 

When the radiant point passes the centre E, the caustics 
shift their place to the opposite side of E, and present the 
same phenomena as before. 

There is a curious property, however, involved in these 
phenomena, which we have represented in fig. 66, where 
the radiant point is supposed to be at F, a very little within 
the principal focus of a spherical mirror ACB. We have 
supposed the rays to diverge from a point a little within 
the principal focus, because it is only in this case that the 
rays Fl, FI, at a little distance from the axis, may be 
reflected in directions 1-1, 1-1, exactly parallel. The 
rays F2, F2, falling at a greater distance from the axis, 
will be made to converge to a focus at /2, and rays 
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F3, F3, to a focus /3, still nearer the mirror. If we Caustics, 
now conceive rays flowing from F to fall on the mirror 


A 



between the rays Fl, Fl, and the axis FC, these rays will 
diverge, because they radiate from a point a little wdthin 
the principal focus, and hence we have one spherical mirror 
which has, under these circumstances, the paradoxical pro- 
perty of rendering a faint cone of diverging rays parallel, 
converging, and diverging, after reflection. 

All that we have said of the caustics formed by the sec- Caustics 
tions of spherical surfaces, are true of cylindrical surfaces, from cylin- 
and by means of surfaces of this kind the phenomena 
caustic curves may be beautifully exhibited. They are in- 
deed often presented to the eye at the bottom of china 
vessels of a cylindrical form, when exposed to the rays of 
the sun or to the light of a candle. Owing to the depth 
of such vessels, the obliquity of the rays prevents the effect 
from being well seen ; but we may take shallow cylindrical 
vessels, or make deep ones shallow by an artificial bottom 
of paper or pasteboard, or by filling them nearly with milk, 
or any other fluid with a white opacity, or with a fine white 
powder pressed into a smooth surface. In order to show 
the caustics, when the radiant point is placed within the 
cylindrical surface, a piece of card should be made to float 
upon oil in the cylindrical vessel, and a very minute wick 
inserted in the card at the points of the axis where we 
wish the radiant point to be placed. This wick, when lighted, 
will be the radiant point R in fig. 65, and the caustics 
will be beautifully formed on the surface of the white card. 

The following method, however, of exhibiting caustic 
curves, we have found very convenient and instructive, and 
it has the advantage of allowing the radiant point to come 
within the cylinder. A piece of steel spring, highly polished, 
such as a watch-spring, is bent into a concave form, like 
AB (fig. 67), and is placed vertically with its lower edge 
resting upon a piece of card or white 
paper. It is then exposed to the solar 
rays, or those of any artificial light, so 
that the plane of the card MN passes 
through the luminous body, and the caus- 
tic curves will be seen finely displayed, 
varying with the distance of the radiant 
point, and with the reflecting arch AB. 

By altering, too, the curvature of the arch, 
and bending it into different known curves, 
either by applying a portion of its breadth 
to the required curves delineated upon a 
piece of wood, and either cut or burned Fig. 67. 
sufficiently deep in the wood to allow the edge of the thin 
strip of metal to be inserted in it, a great variety of inter- 
esting phenomena may be observed. The brightest re- 
flector is a thin strip of polished silver or plated copper. 

Gold and silver foil will also answer, or a strip of mica. 

A cylindrical section of a wide glass tube or a bottle, 
especially if a piece is cut out of them to allow the incident 
rays to pass to the reflecting surface in the plane nearly of 
the base of the cylinder, will produce the caustic curves in 
great perfection. The caustic curves produced by a highly 



^ Dissertation sur la Fartie de VOptique qui traite des courles dites Caustiquest p. 84, Geneve, 1823. This interesting dissertation con- 
tains an account of the labours of preceding mathematicians, including Malus and Gergonne, and merits the attention of those who wish 
to prosecute the subject mathematically* ^ Complete System of Optics, vol. i., p. 174. 
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gilt or polished metallic ring, such as the ring of a bell 
handle, are exceedingly beautiful, the phenomena of a 
convex and a concave surface being here united. 


Caustics formed hy Eefrocting Surfaces. 

It is evident, from what has been said of caustics formed 
by reflection, or Catacaustics^ that analogous curves must 
also be formed by spherical refracting surfaces, which have 
been called Diacaustics. In order to explain these curves, 
we shall take the case of diverging rays falling upon a 
spherical surface, as shown in fig. 68, where DBD is the 
spherical surface, C its centre, R the radiant point, RD, 



ED, two extreme rays touching the sphere, and refracted 
in the directions D/, D/; and RB, RB, other rays nearer 
the axis, and refracted in the directions BF, BF. If we 
join CD, CD, and drawing the semicircles DEC, DE'C, 
make the lines CE, CE' in the same proportion to CD as 
unity is to the index of refraction, the caustic will begin at 
E,E', and extending in the directions EF^, E'F, willapproach 
to the axis RC till it meets it at the principal focus F. 

The caustics formed by the two refractions of a sphere, 
or of a cylinder (in a plane perpendicular to its axis) are 
shown in fig. 69, where ACB is the spherical section, E its 



centre, R the radiant point, and RC the ray which touches 
the spherical surface. This ray will be refracted by the 
first surface in the direction 6-6, and by the second surface 
of the sphere at 6; the other rays, R5, R4, &c., will be all 
refracted in the directions indicated by the numerals 5, 4, 
&c., and their various intersections will form the caustic 
6, 4, 3, 2, 1,/, each ray crossing the next ray before it cuts 
the axis, / being the focus or the point where the rays 
nearest the axis cut it. The luminous figure bounded % 
the intersection of the successive rays, is composed of the 
two bright caustic curves. Within these caustics there is 
also much light arising from the intersections between the 
caustics and the axis; but as there are no intersections 
without the caustics they are bounded by darkness. 

When parallel rays fall upon the spherical section ACB, 
the caustic commences at the extremity of a diameter per- 
pendicular to the axis of the section, because the extreme 
ray suffers refraction at that point, and will intersect the 
nearest a little within it ; and they extend, as in fig, 69, to 
the principal focus of the sphere for rays near the axis. 
The real caustic will be the surface formed by the revolu- 
tion of the curves round the axis !l^; the section of this 
surface will be a luminous point at/, but at the posterior 
part it will be a luminous circle vividly depicted on the 
sphere. M. Delarive has pointed out a method of deter- 
mining the index of refraction of solid spheres, or of hollow 
spheres containing different fluids, by measuring the 
diameter of this luminous circle, which is smaller in fluids 
of high than in those of low refractive power. The phe- 
nomena of caustics formed by refraction, may be distinctly 
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exhibited by exposing to the rays of the sun, or a strong 
artificial light, a globe of glass filled with any fluid, or a 
solid transparent sphere, or the widest part of a round glass 
decanter. With all these bodies the whole of the luminous 
figure will be clearly seen. If we use a cylinder full of 
water, such as a tumbler or a cylindrical bottle, we shall see 
the caustic curves formed upon a white surface held parallel 
to the cylindrical surface of the fluid, the light falling upon 
the cylindrical suiface in the same plane. 


Ohro. 

inatics, 


PiJiT IV.— ON THE REFRACTION OF COMPOUND 
LIGHT, OR THE DOCTRINE OF COLOURS AND 
THE PRISMATIC SPECTRUM. 

In the preceding pages we have considered white light, Chro* 
whether emanating directly from the sun or from artificial matics. 
flames, or consisting of the same rays reflected and modified 
by other bodies, as a simple element, all the particles of 
which had the same index of refraction, or suffered the 
same change of direction when refracted by any transpa- 
rent body. This, however, is not the nature of light. 

White light, as emitted by the sun or other luminous bodies, 
is a very compound element, all the parts of which possess 
very diferent properties, and these properties are of a very 
remarkable and interesting kind. The power which causes 
the reflection of light from polished metallic bodies is not 
capable of decomposing it, unless when it enters the sub- 
stance of the metal ; but the power which produces refrac- 
tion is peculiarly influential in separating compound white 
light into its elements. The same decomposition may be 
effected by the inteTference of rays of light, by absorption, 
and by another principle of analysis which has been called 
dissection. The two first of these processes of analysis de- 
compose compound light of different degrees of refrangibi- 
lity, while the two last decompose compound light whose 
rays have the same refrangibility. 

Sect L — On the Decomposition op Light, and the 
Different Refrangibility op its Rays. 

The constituent parts or colours which compose white Seven co- 
light are seven in number — red, orange, yellow, green, blue, lours. 
indigo, and violet These colours have been long observed 
and studied in the rainbow, and in the refractions produced 
by lenses and prisms, but till the time of Sir Isaac New- 
ton no satisfactory explanation had been given of their 
origin and properties. Descartes had found that colours 
similar to those of the rainbow were produced by prisms, 
and he endeavoured to explain them by saying that the 
particles of the medium, or matter which transmits light, 
endeavour to revolve with so great force, that they cannot 
move in a straight line, whence comes refraction ; and that 
those particles which endeavour to revolve more strongly 
produce a red colour, those that endeavour to move a little 
more strongly produce yellow, and so on with the other 
colours. Now this explanation, as Dr WhewelP has justly 
remarked, though it contains a gratuitous hypotliesis respect- 
ing the cause of refraction, yet it proves that Descartes 
considered the different colours as produced by different 
degrees of refraction. In like manner Grimaldi, as the 
same author has observed, explains colours by saying “ that 
the colour is brighter where the light is dense ; and the 
light is denser on the side from which the refraction turns 
the ray, because the increments of refraction are greater 
than the rays that are more inclined;”^ that is, that the blue 
rays are more refracted than the red rays. We cannot agree, 
however, with Dr Whewell in the opinion, that this expla- 
nation of Grimaldi’s might give an explanation of most of 
the facts, but one much more erroneous than a develop- 


^ BisU of Inductive Sciences, vol. ii., p, 350* 


2 Ibid., p. 352, 
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Chromatics ment of Descartes’ views w^ould have been.” It appears 
to us quite manifest, that both Descartes and Grimaldi had 
a vague sentiment that the different colours were produced 
by different degrees of refraction, and that Grimaldi’s is the 
more distinctly expressed of the two ; but we cannot for a 
moment agree with the author above quoted, that Des- 
cartes was led very near the same point with Newton.” 
The sentiments expressed by Descartes and Grimaldi were 
mere notions of the moment, which authors often throw out 
without much thought, and which are employed in future 
times to pervert the histoiy of science. If these two 
authors really thought that colours were produced by dif- 
ferent degrees of refraction, why did they not, as they did 
other opinions, submit them to “the test of an experiment, 
which required neither thought nor labour, and the means 
of making which were in their hands ? Sir Isaac Newton 
was well acquainted with the writings of Descartes, and so 
much with Descartes’ notions about colours, that the exa- 
mination of them was the object which he had in view in 
purchasing his prisms. He never refers to them as anticipa- 
tory of his own discoveries ; and we must therefore continue 
to give Sir Isaac the undivided merit of the discovery of the 
unequal refrangibility of light, as well as its experimental 
establishment. 


Unequal 
refrangibi- 
lity of 
light. 


We shall now proceed to give our readers some account 
of this great discovery, and we shall make no apology in 
doing this to some extent in Sir Isaac Newton’s own words, 
abridging his descriptions where they are redundant or 
have become unnecessary, and omitting the demonstration 
of some of his propositions. We are induced to do this also 
because they exhibit the finest model of experimental re- 
search, and should be studied by every person who is de- 
sirous of investigating truth with diligence and patience. 

“ 1. The light of the sun consists of rays which differ 
in colour and refrangibility , — In a very dark chamber, at a 
round hole F (fig. 70), about one-third of an inch broad, 
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two rectilinear and parallel sides, and two semicircular ends. Chromatics 

On its side it was bounded pretty distinctly, but on its ends 

vei 7 indistinctly, the light there vanishing by degrees. At 

the distance of 18J- feet from the prism the breadth of the 

image was about 2^ inches, but its length was about lOf 

inches, and the length of its rectilinear sides about 8 inches; 

and ACB, the refracting angle of the prism, by which so 

great a length was made, was 64 degrees. With a less 

angle the length of the image was less, the breadth remaining 

the same. It is also to be observed that the rays went on 

in straight lines from the prism to the image, and therefore 

at their going out of the prism had all that inclination to 

one another from which the length of the image proceeded. 

This image PT was coloured, and the more eminent colours 
lay in this order from the bottom at T to the top at P : 
red, orange, yellow, green, blue, indigo, and violet; together 
with all their intermediate degrees, in a continual succession 
perpetually varying.” 

Hence ‘‘ the light of the sun consists of a mixture of 
several sorts of coloured rays, some of which, at equal in- 
cidences, are more refracted than others, and therefore are 
called more refrangible. The red at T, being nearest to 
the place Y, where the rays of the sun would go directly if 
the prism was taken away, is the least refracted of all the 
rays ; and the orange, yellow, green, blue, indigo, and violet, 
are continually more and more refracted as they are more 
and more diverted from the course of the direct light. For, 
when the prism is fixed in the posture above mentioned, so 
that the place of the image shall be the lowest possible, the 
figure of the image ought to be round, like the spot at Y, 
if all the rays that tended to it were equally refracted. 

Therefore, since it is found that this image is not round, 
but about five times longer than it is broad, it follows that 
all the rays are not equally refracted. This conclusion is 
fartlier confirmed by the following experiments : — 

‘‘In the sunbeam SF (fig. 71), which was propagated into 
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made in the shutter of a window, I placed a glass prism 
ABC, whereby the beam of the sun’s light SF which came 
in at that hole, might be refracted upwards, toward the op- 
posite wall of the chamber, and there form a coloured image 
of the sun, represented at PT. The axis of the prism was, 
in this and the following experiments, perpendicular to the 
incident rays. About this axis I turned the prism slowly, 
and saw the refracted or coloured image of the sun, first to 
descend, and then to ascend. Between the descent and 
ascent, when the image seemed stationary, I stopped the 
prism, and fixed it in that posture, for in that posture the 
refractions of the light at the two sides of the refracting 
angles, — that is, at the entrance of the rays into the prism, 
and at their going out of it, — are equal to one another. 

‘‘ Xl^en -I let the refracted light fall perpendicularly upon 
a sheet of white paper (MN) placed at the opposite wall of 
the chamber, and observed the figure and dimensions of 
the solar image (PT) formed on the paper by that light. 
This image was oblong, and not oval, but terminated by 


the room through the hole F in the window-shutter EG, at 
the distance of some feet from the hole, I held the prism 
ABC in such a posture that its axis might be perpendi- 
cular to that beam ; then I looked through the prism upon 
the hole F, and turning the prism to and fro about its axis, 
to make the image yt of the hole ascend and descend, when 
between its two contrary motions it seemed stationary, I 
stopped the prism ; in this situation of the prism, viewing 
through it the said hole F, I observed the length of its re- 
fracted image pt to be many times greater than its breadth ; 
and that the most refracted part thereof appeared violet at 
p; the least refracted appeared red at t; and the middle 
parts indigo, blue, green, yellow, and orange in order. The 
same thing happened when I removed the prism out of the 
sun’s light, and looked through it upon the hole shining by 
the light of the clouds beyond it. And yet if the refrac- 
tions of all the rays were equal according to one certain 
proportion of the sines of incidence and refraction, as is 
commonly supposed, the refracted image ought to have 
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Chromatics appeared round. So then, by these two experiments,^ it 
appears that in equal incidences there is a considerable in- 
equality of refractions.'* 

2. The light of the shy, or the light of the sun reflected 
from the first surface of bodies, and also the white flames 
of all combustibles, whether direct or reflected, differ in 
colour and refrangibility, like the direct light of the sun, 

3. Homogeneal light is refracted regularly without any 
dilatation, ^splitting, or shattering of the rays; and the con- 
fused vision of objects seen through refracting bodies by 
heterogeneous light arises from the different refrangibility 
of several sorts of rays, 

4. Every homogeneous ray considered apart is refracted, 
according to one and the same rule; so that its sine of in- 
cidence is to its sine of refraction in a given ratio ; that 
is, every differently coloured ray has a different ratio be- 
longing to it. 

Sir Isaac Newton has proved this by experiment ; and 
in other experiments he has determined by wliat numbers 
these given ratios are expressed. For instance, if a hete- 
rogeneous white ray of the sun emerges out of glass into 
air ; or, which is the same thing, if rays of all colours be 
supposed to succeed one another in the same line AC (fig. 
72), and AD, their common 
sine of incidence in glass, be 
divided into^^^ equal parts, 
then EF and GH, the sines 
of refraction into air of the 
least and most refrangible 
rays, will be 77 and 78 of 
such parts respectively- And 
since every colour has se- 
veral degrees, the sines of 


refraction of all the degrees 
of red will have all interme- 
diate degrees of magnitude 
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from 77 to 77j ; of all the degrees of orange from 77^ to 
77^; of yellow from 77J- to 77^-; of green from 77J to 77|-; 
of blue from 77^ to 77|*; of indigo from 77|- to 77-J; and 
of violet from 77J to 78. 

5- Whiteness, and all gray colours between lohite and 
black, may be compounded of colours; and the whiteness of 
the sun's light is compounded of all the primary colours, 
mixed in a due proportion. 

Such is an abridged account of Newton’s great discovery 
of the different refrangibility of light- 

In examining the prismatic spectrum, it is difficult to 
discover the terminations or boundaries of the different 
colours. They pass into one another by insensible shades, 
and if any person were to lay down their apparent limits 
by the nicest observations, he would find, what has been 
recently discovered, that these limits vary with the state 
of the atmosphere, and with the altitude of the sun. 
Sir Isaac Newton, however, did make the attempt, and 
the following are the results which he obtained, we believe 
with crown or plate glass. We have added the results 
obtained long afterwards by Dr Wollaston^ and Mr Fraun- 
hofer^ with flint-glass, which shows the difficulty of this 
class of observations ; — 



Newton in 

Fraunhofer in 

Wollaston ii 


Crown-Glass. 

Flint' Glass. 

Flint-Glass. 

Red 


66 'I 


Orange . 

27 

27 y 

....Red 57-6 

Yellow* .. 

40 



Green. . .. 

60 

46 ... . 


Blue 

60 

481 



Indigo.. 


47/ — 

..Blue 129*6 

Violet... 



90 


360 


360 


^ See sect, v. 


2 1 
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The influence of these discoveries on the progress ofChromatics 
optical science was very remarkable. They led Sir Isaac 
to discover that the cause of the imperfections of the refract- imperfec- 

ing telescopesjj^ t . tion of 

was the differ- refracting 

ent refrangibility H telescopes, 

of the rays of 
light. IfLLjfor^-' 
example, is a lens 
without spherical 
aberration, upon^^. 
which parallel 

rays R, R, R of white light are incident, then it is obvious 
that the violet, or most refrangible rays, will be most re- 
fracted in directions Lv, Lt;, crossing the axis at v, and there 
giving a violet focus of light. In like manner the red, or 
the least refrangible rays, will be refracted in directions Lr, 

Iat, crossing the axis atr, and there giving a red focus of 
light. In like manner, all the other rays will have foci of 
their own colour between v and r. If we draw the line ab, 
meeting the intersection of the extreme violet rays after 
their convergence with the extreme red rays before their 
convergence, it will cut the axis at a point c. The line vr 
is called the longitudinal aberration of refrangibility, or the 
longitudinal chromatic aberration, and ab is called the la- 
teral aberration of refrangibility, or the diameter of the 
circle of diffusion, all the coloured rays being diffused over 
the circle of which ab is the diameter- The space varb 
is called the sphere of diffusion, and the section of it shown 
in the figure may be regarded as a parallelogram, on ac- 
count of the smallness of the angles rLr, rhv, which are 
greatly magnified in the figure. Hence it may be easily 
shown that the longitudinal aberration vr is to the lateral 
aberration ab as the focal distance of the lens is to its radius 
or half its aperture. 

In the circle of diffusion ah the light becomes very faint 
towards a and h, and very intense in the centre c, so that 
there is formed at e a sort of general focus indistinct and 
coloured. Every i)art of an object, therefore, will have its 
image, formed in the foci of such a lens, similarly indistinct 
and similarly coloured, and hence we see the reason why 
refracting telescopes had such great imperfections that it 
was necessary to make them of enormous length, in order 
to obtain a sufficient magnifying power. 

From these causes, Sir Isaac Newton despaired of the 
improvement of refracting telescopes, and set himself at an 
early period of his life to execute reflecting telescopes. His 
successors, however, Mr Hall and Mr Dollond, studied the 
subject of refraction as produced by prisms made of different 
substances, and found, as we have already fully stated in 
our history of Optics, that Sir Isaac Newton was mistaken 
in supposing that all refracting media gave spectra, or se- 
parated the colours of white light, in the same proportion 
as their refractive powers, and that different bodies had 
different dispersive powers, as well as different refractive 
ones.^ This grand discovery we shall now proceed to 
explain. 

Sect II,— 0^ THE DIFFERENT DISPERSIVE PoWERS OF 

Bodies. 

The term has been employed to denote theDippprsion 

separation of the different rays of white light into that ilgkt. 
divergent beam which constitutes the prismatic spectrum, 
the differently coloured rays having been dispersed or scat- 
tered by their different refrangibility. Sir Isaac Newton 
believed that all bodies whatever, whether water, or crown 
or plate or flint glass, dispersed light in an equal degree, 


® See the article Acheomatic Glasses, vol. ii. 


These results are taken frqin his coloured figure of the spectrum. 
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Chromatics provided the mean refraction, that is, the refraction of the 
mean or middle ray of the spectrum (the green ray, viz.), 
of these bodies was equal ; or, in other words, that the 
dispersion, or the angle formed by the extreme red and 
the extreme violet ray was in diflFerent bodies proportional 
to the mean refraction. 

As Sir Isaac Newton submitted to experiment a number 
of fluid substances, in the form of prisms, it is, perhaps, 
one of the most remarkable oversights in the history of 
science, that he did not think of comparing the length of 
the spectra which they formed ; and it is equally strange 
that for more than a century he, and all his successors, 
should never have thought of forming the spectrum from 
any other luminous body less in diameter than the sun, 
or even from any luminous line of small breadth. The 
consequence of these oversights was, that the most im- 
portant discoveries relative to light, and to optical instru- 
ments, w^ere reserved for another age. 

In our History of Optics, and in the article Achkom v- 
Tic Glasses, we have given a detailed history of the suc- 
cessive labours of Hall, Dollond, Euler, and others, by 
which the achromatic telescope was invented and perfected. 

If we perform the experiment shown in fig. 70, with 
two prisms, the one oi flint, and the other of glass, 
and measure in each the length of the spectrum PT, or 
rather the angles which the violet and the red rays PA, 
TA make with each other, and the angle which the mean 
green ray forms with the direction of the white beam SY, 
this last angle will be the mean refraction of the prism, and 
the first the angular dispersion. We shall then find, that 
while in crown-glass the quotient obtained by dividing the 
greater by the lesser angle, or the part of the mean refrac- 
tion to which the dispersion is equal, will be seventeen 
hundredths flint-glass it will be thirty 

hundredths (i^), this number varying with the nature of 
the glass. ' 

This result may be exhibited to the eye by placing be- 
hind a prism of crown-glass C, another of flint-glass F, of 
such an angle as not to produce any deviation by refrac- 
tion, the angle of deviation of the green ray produced by 
the crovjn-giass prism C, being compensated by an equal 


c ^ 
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and opposite deviation produced by Xhe flint-glass prism F ; 
that is, the green ray will emerge parallel to the incident 
ray HA. When this has been effected, it will be seen that 
there is still a spectrum rv, which will colour the edges of 
any object which is viewed through the prism, and in which 
the colours will have the same position as if they had been 
produced by a small flint-glass prism placed in the same 
manner as the flint-glass prism F, 

If we now take two prisms, one of crown and the other 
of flirU glass, of such angles that all objects seen through 
them are colourless, or that a ray of light when re- 
fracted by them (as in fig. 74), shall be white, it will be 
found that the white pencil Bw; will be refracted towards 
the base of the crown-glass prism, the flint-glass having 
corrected the colour produced by the crown-glass one, but 
still left a considerable balance of refraction produced by 
the latter. 

Hence it is manifest that the colours produced by a con- 
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vex lens of crown-^os^, as shown in fig. 73, may be cor- Chromatics 
rected by a concave lens of ^^zw^glass, while the rays pro- 
duced by the unbalanced refraction of the convex glass are 
still converged to a focus. Such a combination of lenses 
is called an achromatic ohject-glasSs and a telescope with 
such an object-glass is called an achromatic telescope. 

Nothing is easier than to determine by experiment, when 
we have obtained good glass for the construction of these 
lenses, the proper radii to which they should be ground in 
order to correct the aberration of colour ; but it may be 
readily shown that the aberration of colour produced by a 
convex lens of crown-glass will be corrected by a concave 
lens of flint-glass, provided the focal lengths of the two 
lenses are proportional to their dispersive power. Thus, in 
fig. 75, if LL is a convex lens of crown-glass, whose focus 
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for green rays is at f and for violet and red rays at v and r, 
and if F is the virtual focus of a concave lens U of flint- 
glass, for the mean green ray, then parallel rays A, A, A 
will be refracted to a single focus at RV, where the violet 
and red rays will be united, provided the focal length of 

viz., EF, is to E/, the focal length of LL, as 0*068, the 
dispersive power of j^ 2 «^-glass, is to 0*033, the dispersive 
power of cro24?w-glass. 

The dispersive powers of various glasses, and of some Dispersive 
fluids, had been measured with considerable care, in re- powers of 
ference to the improvement of the telescope, but no at- ‘bodies, 
tempt was made to investigate it as a branch of physics, 
exhibiting new and interesting properties of transparent 
bodies. Dr Wollaston set the example of beginning this 
inquiry, and he determined in a very general manner the 
dispersive qualities of tliirty-three substances, w'hich he ar- 
ranged in the order of their dispersive powers, without giv- 
ing any numerical estimate of their value. In tliis state of 
the subject Sir David Brew’’ster, by a new method of measur- 
ing dispersive powers, which presented considerable facility 
of observation, made a very extensive series of experiments 
on the subject, which, in a physical point of view, presented 
several curious results. In laying the following table of his 
observations before our readers, we must warn them that 
they were made often with the most imperfect specimens 
of the minerals and fluid substances, from the difficulty of 
getting any other, and that they were intended only to in- 
dicate the general properties of bodies in dispersing light. 

The want of fixed points in the spectrum in reference to 
which the measures could be taken, rendered it necessary 
to use the extreme points, which varied with the intensity of 
the light employed, and with the absorbing action of the 
bodies themselves, when they happened to be coloured or 
imperfectly transparent. The discovery of tlie fixed lines, 
and their use in measuring dispersive powers, introduced 
by Fraunhofer, has given a new impetus to this subject ; 
and when it is practicable to obtain good prisms of the 
substance under examination, no other method should be 
adopted. This, however, is very difficult, and in general 
impossible, especially in saline substances, minerals, and 
gems, which are never used in combination with glass, or 
with one another, to produce achromatic combinations. 

The same remark is applicable to fluids, with very few 
exceptions. 
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Table of the Dispersive Powers of various Solid and Fluid Bodies, 


Chromatics 


Names of Substances. 


Part of the 
YTbole re- 
fraction to Dispersive 
•which the power, 
dispersion 
is eiiual. 


Chromate of lead ^ 
(greatest refrac- V 
tion) estimated at J 
Chromate of leadl 
(greatest refrac- V 
tion) must exceed j 
Realgar, a different 1 

kind, melted J 

Chromate of lead 1 
(least refraction).. J 

Realgar, melted 

Oil of cassia 

Sulphur, after fusion.. 

Phosphorus 

Sulphuret of carbon... 

Balsam of Tolu 

Balsam of Peru 

Carbonate of lead \ 
(greatest refrac- I • 

tion) i 

Barba does aloes 

Essential oil of bitter \ 

almonds j 

Oil of anise seeds 

Acetate of lead, melted 

Bals'Jtm of styrax 

Guiacum 

Carbonate of lead 1 
(least refraction) . J 

Oil of cummin 

Essential oil of tobacco 

Gum ammoniac 

j Oil of Barbadoes tar... 

Oil of cloves 

! Green-coloured glass.. 

Sulphate of lead 

Deep red glass 

Oil of sassafras 

Opal-coloured glass .... 
Muriate of antimony 1 
(refr. pr. 1*598)... J 

Rosin 

Oil of sweet fennel 1 

seeds j 

Oil of spearmint 

Orange-coloured glass 

Rock-salt 

Flint-glass, Bosco- 1 

vich’s highest J 

Caoutchouc 

Oil of pimento 

Flint-glass 

Deep purple glass 

Oil of angelica 

Oil of thyme 

Oil of fenugreek, 

Oil of wormwood 

Oil of pennyroyal 

Oil of caraway seeds... 

Oil of dill seeds 

Oil of bergamot 

Flint-glass 

Ohio turpentine 

Gum thus 

Oil of lemon 

Flint-glass 


+ 0*091 +0 091 


Part of the 
whole re- 

Names of Substances. ® Dispersive 

wnicu tno power, 
dispersion 
is equal. 


Oil of juniper 

Oil of chamorayle 

Gum juniper 

Carbonate of stron- \ 
tites (greatest re- I 

fraction) J 

Oil of brick 

Flint-glass, Bosco- ) 

vich’s lowest J 

Nitric acid 

Oil of lavender 

Balsam of sulphur 

Tortoise shell 

Horn 

Canada balsam 

Oil of marjoram 

Gum olibanum 

Nitrous acid 

Cajeput oil 

Oil of hyssop 

Oil of rhodium 

Pink-coloured glass.... 

Oil of savirie 

Oil of poppy 

Zircon (greatest refr.) 

Muriatic acid 

Gum copal 

Nut oil 

Burgundy pitch 

Oil of turpentine 

Oil of rosemary 

Feldspar 

Glue 

Balsam of capivi 

Amber 

Oil of nutmeg 

Stilbite 

Oil of peppermint ..... 

Spinelle ruby 

Calcareous spar 'j 
(greatest refrac- > 

tion) J 

Oil of rape -seed 

Bottle-glass 

Tartrate of potash ) 

and soda j 

Carbonate of potash ^ 
(greatest refrac- J- 

Gum elemi 

Sulphate of iron 

Diamond 

Oil of olives 

Gum mastich 

White of an egg 

Oil of rhue 

Gum myrrh 

Beryl 

Obsidian 

Ether 

Selenite 

Alum 

Castor oil 

Sulphate of copper.... 
Crown-glass, very 1 
green J 


Names of Suhstancos, 


Part of the 
whole re- 
traction to Dispersive 
which the power, 
dispersion 
is equal. 


Gum arahic 

Sugar, after being 1 
melted and cooled J 
Jelly-fish, body of | 
(Medusa esquorea) J 

Water 

Aqueous humour of 1 
a haddock’s eye... J 
Vitreous humour of 1 

ditto J 

Citric acid 

Rubellite 

Leucite 

Epidotc 

Common glass. Bos - ) 
covich’s highest... J 

Glass of borax 

Garnet 

Pyrope 

Chrysolite 

Crown-glass 

Common glass, Bos- 1 
covieVs lowest.... J 

Oil of ambergris 

Oil of wine 

Phosphoric acid, ) 
solid prism, yellow | 
Glass of phospho- 1 

rus, white J 

Plate-glass 

Sulphuric acid 

Tartaric acid 

Nitre (least refraction) 

Borax 

Axlnite 

Alcohol 

Sulphate of barytes . . . 

Tourmaline 

Phosphoric acid, fluid 
Carbonate of barytes 1 
(least refraction)^ J 

Malic acid 

Carbonate of stron-) 
tites (least refrac- > 

tion) J 

Crown-glass, Leith, \ 

Robison J 

Rock-crystal 

Emerald 

Borax-glass, 1 bor, ) 

2 silex j 

Calcareous spar ] 
(least refraction) ] 

Blue sapphire 

Bluish topaz, from 1 

Cairngorm j 

Chrysoberyl 

Blue topaz, from 1 
Aberdeenshire ... J 
Sulphate of strontites.. 
Carbonate of potash 1 
(least refraction).. J 

Prussic acid.. 

Fluor spar 

Cryolite 


. . The following measures of the dispersive powers of blue glass, which stops the green, yellow^ and most re- 
several varieties of glass were taken by Sir John Herschcl, frangible red rays, and therefore allows the extreme rays of 
by a method which gave him nearly the extreme rays of the the spectrum to be seen, — rays which the eye does not 
spectrum, namely, by viewing the spectrum tlirough a dark recognise in any of the ordinary lights which are used in 


1 The dispersive power of the other image is considerably greater than this, Trans,, vol. vii., p, 289. 
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Chromatics optical instruments. If we condense the sun’s light, as we 
have done, in order to render visible rays at the extremities 
of the spectrum that have not been recognised, we should 
obtain dispersive powers still higher than those given by Sir 
John Herschel. By determining, however, the extremities 
of the spectrum seen by the ordinary light of the sky, it 
would be easy to accommodate all measures of dispersive 
power taken in such a light to those taken in the light used 
l3y Sir John Herschel, or in the more condensed and con- 
sequently elongated spectrum above referred to. In order 
that the measures in the following tables may be correct, 
it is necessary that they should all have been taken when 
the sun had die same altitude ; because it is quite certain 
that the violet part of the spectrum diminishes in length 
very rapidly as the sun approaches the horizon, and some 
change also takes place at the red extremity* 


Dispersive Powers of different kinds of Glass, 


Names of Substances. 

Part of the whole 
refraction to which 
the dispersion is 
e^ual. 

Dispersive 

power. 

Flint-glass. 

0*03849 

0^03705 

0*03734 

0-03951 

0-03747 

0-02139 

0-02494 

0-02616 

0-06404 

0-06409 

0-06386 

0-06555 

0-06409 

0-04063 

0-04704 

0-05090 

Ditto 

Ditto 

Ditto, heavy 

Ditto 

Crown-glass 

Ditto, a different kind 

Plate-glass 



Sir John Herschel justly remarks, that it ought not to ex- Chromatics 
cite surprise that the dispersions deduced by this method 
should considerably exceed all former estimates.^ 

In the preceding table of dispersive powers we have given Explana- 
two columns of numerical results, the first column contain- tion of the 
ing the part of the whole refraction, or angle of deviation to tables, 
which the angle of dispersion is equal, and the other the 
dispersive power itself. The first column is obviously not 
a measure of the dispersive power, because, if the dispersion 
in that column is -g^th part of a low refniction in one body, 
and the ^th part of a high refraction in another body of 
great refractive power, the dispersive power of the latter 
must be smaller than that of the former, in the inverse ratio 
of the index of refraction of the two bodies minus unity. 

Hence the numbers in the second column, the dispersive 
powers, are obtained by dividing the first column by the 
index of refraction minus one. 

If we wish to have the intrinsic or absolute dispersive Absolute 
powers of bodies, in reference to the action of their ultimate dispersive 
molecules, on the theory of emission, and on the supposition, power, 
as Sir John Herschel has remarked, in reference to abso- 
lute refractive powers, of the ultimate atoms of all bodies 
being equally heavy^ we must divide the numbers in the 
second column of the preceding table by the specific gra- 
vities or densities of the bodies. In this way we have com- 
puted the results in the following table, containing the 
substances principally that exercise an extreme action in 
the dispersion of light. 


Table of Absolute Dispersive Powers, 


Names of Substances. 

Specific 
gravities used. 

Absolute 
dispersive power. 

Sulphate of barytes 

4-48 

0-00602 

Ditto strontites 

3-95 

0-00607 

Carbonate of barytes 

3-70 

0-0063 

Sapphire 

3-50 

0-0066 

Chryso-beryl 

3*93 

0-00675 

Topaz 

3-50 

0-00685 

Fluor spar 

3-17 

0-0069 

Cryolite 

2-95 

0-0074 

Diamond 

3*50 

0-0109 

Plate-glass 

2-76 

0-0112 

Rock-salt 

2-143 

0-0250 


Names of Substances. 

Specific 
gravities used. 

Absolute 
dispersive power. 

Water 

1-00 

0-035 

Amber 

1-04 

0-0400 

Oil of olives 

0-913 

0-0415 

Oil of turpentine 

0-87 

0-0483 

Sulphur, fused 

2 00 

0*065 

Realgar 

3*50 

0-0728 

Phosphorus 

1-75 

0-0731 

Oil of anise seeds 

0-987 

0-078 

Bi-sulphuret of carbon 

1-27 

0-081 

Oil of cassia 

1-044 

0-131 


These results present us with several views of consider- 
able interest. The salts of barytes have, in reference to 
their density, the least dispersive power of all bodies, and 
the next in order are the gems, including even diamond, 
which occupies so diiferent a place in our table of absolute 
refractive powers. The inflammable bodies, with the ex- 
ception of diamond, stand at the head of the table, oil of 
cassia having by far the greatest absolute dispersive power 
of any body yet examined. That this is owing to the hy- 
drogen which it contains is very probable, and has almost 
been proved by an experiment by Sir John Herschel, who 
deprived a portion of this oil of most of its hydrogen by 
making a stream of chlorine pass through it till it refused to 
act any farther. By this means he converted the oil into 
a viscous mass, the dispersive power of which was dimin- 
ished one-half, while its refractive power had hardly suf- 
fered any change. This result leads us to conclude that 
hydrogen has the greatest intrinsic dispersive power of all 
bodies. Fluorine seems to be the element which has 
nearly the lowest dispersive power. 

Double of the most interesting results exhibited in the ge- 

dispersive neral table of dispersive powers relates to the dispersive 
power. powers of doubly-refracting substances. Dr Wollaston had 
measured the dispersive power of the ordinary ray in cal- 


cai*eous spar, so far at least as to ascertain that it stood 
above water, and plate and crown glass. Sir David 
Brewster had been led to measure the dispersion of the 
extraordinary ray, and found it to be much lower than that 
of water. He was hence induced to examine the dis- 
persive powers of other doubly-refracting crystals, and was 
thus led to the result which we have stated.^ Similar re- 
sults have been more recently obtained byM. RudbergancI 
Mr Cooper, without knowing that the subject had been 
previously investigated. 

Sect, IIL — On the Ierationality of the Coloured 

Spaces in the Spectrum, and the Existence of a 

Secondary Spectrum. 

We are indebted, we believe, to M. Clairaut for the dis- Secondary 
covery of the irrationality of the coloured spaces in the spectrum, 
spectrum. He found that when the flint-glass of an achro- Clairaut. 
matic object-glass had its aberration of colour as com- 
pletely corrected as possible, — that is, when the extreme red 
and violet rays were accurately united in the same focus, — 
still there remained a portion of uncorrected colour, which 
was of a purple or claret colour on one side of the focus, and 
of a green colour on the other. If prisms had been used 


1 Mm , Trans ,^ vol. ix., p. 458. 


'2 See Thil, Trans, 1813, p, 107, where this result was first published. 
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Gliroma.tics in place of lenses, and the siin*s light transmitted through 
them in the usual manner, there would have been a small 
residual spectrum, or secondary spectrum^ as it has been 
called, consisting of purple and green light. The Abbe 

Boscovich. Boscovicli afterwards observed the same fact, but con- 
sidered it so extraordinary that be suspected some latent 
cause of error, and submitted his experiments to the most 
rigid scrutiny. He at last admitted the irrationality of the 
coloured spaces in the spectrum as a demonstrated truth, 
and has shown how three of the colours of the spectrum 
may be corrected or united in the same focus in achro- 

Rohison. matic telescopes. Professor Robison obtained similar re- 
sults, and gave the name of outstanding colours to those 
which were not united, and which form the secondary 
spectrum. 

Blair, This subject was more fully investigated by Dr Blair, in 

his interesting paper on the unequal refrangibility of light,’- 
and he has shown that the proportions of the coloured spaces 
vary with the substance of the opposing prisms, so that a 
complete correction of colour cannot possibly be effected 
by two media of different dispersive powers. Hence Dr 
Blair was led to examine the nature of the dispersive 
action of different media, and by the most ingenious de- 
vices succeeded in producing fluid object-glasses in which 
the aberration of colour was completely corrected. The 
telescopes which he made on this i)rinciple were so extra- 
ordinary, that Professor Robison assures us that one of 
them, FIFTEEN inches in focal length, equalled in all re^ 
spcciSy ifdt did not surpass^ the best of Dollond's forti:- 
TWO inches long. 

Wollaston. Under these circumstances, the scientific world was sur- 
prised at the following statement published by Dr Wollas- 
ton in the PML Trans, for 1 803 ; — “ Since the proportions 
of these colours have been supposed by Dr Blair to vary 
according to the medium by which they are produced, I 
liave compared with this appearance the coloured images 
caused by prismatic vessels containing substances supposed 
by him to differ most in this respect, such as strong but 
colourless nitric acid, rectified oil of turpentine, very pale 
oil of sassafras, Canada balsam, also nearly colourless. With 
each of these I have found the same arrangement of these 
four colours, and in similar positions of the prisms, as nearly 
as I could judge, the same proportions of them.” Dr Blair 
was surprised that Dr Wollaston should have used such a 
coarse method of determining a point that required delicate 
observations, especially with the substances above men- 
tioned ; and he remarked to the writer of this article, that 
if Dr Wollaston would only make use of lenses, he would 
see his mistake after a single observation. 

There is no doubt, however, that the secondary spec- 
trum can be made very visible by prisms, and if we 
use a prism of oil of cassia to correct the colour pro- 
duced by another of sulphuric acid, we shall have a strik- 
ing ocular proof of the existence of a large secondary 
spectrum. 

The phenomena of a secondary spectrum will be under- 
stood from fig. 76, where RR is a ray passing through an 
aperture in the window-shutter SS, and refracted by a prism 
P in the direction PM, so as to form the spectrum AB on 
the wall — PA being the extreme violet ray, PM the mean 
ray, and PB the extreme red. The spectrum will consist 
of four palpable colours, — red, green, blue, and violet; and 
if the prism is one of crown-glass, the mean ray PMN 
which bisects the spectrum will be at the boundary of the 
blue and green spaces. If we were to take a prism of flint- 
glass with a much less refracting angle, and form a spec- 
trum CD of the same length as AB, and at the same dis- 
tance from the prism, the line mn which marks the bound- 


I c s. 

ary of the blue and green spaces will no longer be the Chromatics 
mean ray of the spectrum, but will be decidedly nearer the 


A. C 15 



red extremity D. The least refrangible half of the spec- 
trum has therefore been more contracted, and the most 
refrangible half more expanded than in the crown-glass 
spectrum. If we now take a prism of sulphate of barytes 
or fluor spar, capable of forming a third spectrum EF of 
the same length as the other two, the boundary of the blue 
and green spaces will now be at pv, nearer the violet than 
the red extremity of the spectrum, and tlie least refrangible 
half of this spectrum will be more expanded, and the most 
refrangible half more contracted, than in the crown-glass 
spectrum. 

‘‘ If a spectrum,” says Sir David Brewster,^ “formed by 
flint-glass, had its coloured spaces exactly of the same di- 
mensions with those of an equal spectrum formed by 
crown-glass, any object, such as a window-bar lying parallel 
to the common section of the refracting planes of the two 
prisms, should appear perfectly coloui less when seen through 
the combined prisms. But if the coloured spaces in the 
two spectra are not proportional, as shown in fig. 76, but 
are irrational, then the window-bar cannot be wholly free 
from colour, for though the extreme red and violet rays 
of both the spectra are united, yet the intermediate colours 
are not rendered coincident. In the spectrum AB, formed 
by the crown-glass, the first green ray MN, which is here 
the mean ray, is obviously more refracted than the first 
green ray mn in the spectrum CD formed by the flint- 
glass, and therefore the flint-glass will not be able to re- 
fract the green ray so as to unite it with the red and violet. 
Hence the green ray will, as it were, be left behind, while 
the red and violet rays are rendered coincident. Thus, 
if a prism p of flint-glass is placed behind a crown-glass 
prism P, so as exactly to correct its dispersion, the spec- 
trum AB will be reduced to a secondary spectrum ah, the 
upper half of which is green, which is lel’t behind, and the 
lower half is of a claret colour, formed by the union of the 
red and violet rays. If the bar of a w^indow had been ex- 
amined through the combined prism the upper side of 
it would have been tinged with green, and the lower side 
of it with a claret-coloured fringe. 

“ By comparing, in a similar manner, the spectrum EF, 
formed by fluor spar, with the spectrum AB, formed by 
crown-glass, it will be found that the fluor spar, having a 
gi-eater action than the crown-glass upon the green ray, 
will carry it beyond the place of the united red and violet, 
and will form a secondary spectrum ef, the lo^ve^ half of 
which is green, and the upper half of a claret colour, 
arising from the union of the red and violet light. If the 
bar of a window were viewed through the combined prisms 
of crown-glass and rock-crystal, it would be tinged with 
green on its lower side, and with a daret-coloured fringe 
on its upper side. 

“When ahorizontal window-bar, therefore, is seen through 
any two prisms which correct each other's dispersion, with- 
out uniting all the colours, the green fringe will always be 


^ jEditi. ZVaiw.i Ui., p, 3. 


* TteatisA on Nm Fhilosophical InttrumcnU^ 1313, p. 356, 
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Chromatics on the same side of the bar with the vertex of the prism 
which has the least action upon the green light, or which 
contracts the red and green rays, and expands the blue and 
violet ones ; that is, if the vertex of the flint-glass prism is 
pointing downwards, the uncorrected green fringe will be 
on the lower side of the bar. By observing, therefore, the 
position of the green fringe, we can immediately ascertain 
which of the two prisms has the greatest action upon the 
green light. 

The following table contains the result of a numerous 
series of observations made by Sir David Brewster on the 
secondary spectra of different bodies, the substances being 
arranged inversely according to their action upon green 
light. The bodies at the top of the table form spectra 
in which the red and green spaces are most contracted, 
and the blue and violet ones most expanded. The rela- 
tive position of some of the substances, particularly 
the essential oils, is quite empirical; but by a refer- 
ence to the original experiments, it will be seen whether 
or not the relative action of any two bodies has been deter- 
mined.^ 

Table of Transparent Bodies arranged inversely accord- 
ing to their Action upon Green Light. 


1. Oil op cassia. 

Sulphur. 

Sulphuret of carbon. 
Balsam of Tolu. 

5. Carbonate of lead. 

Essen, oil of bitter almonds. 
Oil of anise- seeds. 

Oil of cummin. 

Oil of sassafras. 

10. Oil of amber. 

Acetate of lead melted. 
Opal-coloured glass. 
Orange-coloured glass. 
Red-coloured glass. 

16. Oil of sweet fennel seeds. 
Oil of cloves. 

Muriate of antimony. 

Oil of lavender. 

Canada balsam. 

20. Oil of turpentine. 

Oil of sage. 

Oil of pennyroyal. 

Oil of poppy. 

Oil of hyssop. 

25. Oil of spearmint. 

Amber. 

Oil of lemon. 

Oil of caraway-seeds. 

Oil of nutmegs. 

30. Oil of thyme. 

Oil of peppermint. 

Oil of bergamot. 

Oil of marjoram. 

^ Oil of wormwood. 

35. Oil of dill seeds. 

Oil of chamomile. 
Castor-oil. 

Gum copal. 

Rosin. 

40. Diamond, 

Nitrate of potash. 

Oil of beech-nut. 

Oil of rue. 

Oil of savin. 

45. Nut-oil. 


Balsam of capivi. 

Oil of fenugreek. 

Oil of rosemary. 

Oil of rhodium. 
Flint-glass. 

Zircon. 

Oil of olives. 

Oil of rape-seed. 

Oil of spermaceti. 

Oil of juniper. 

Oil of ambergris. 
Calcareous spar. 

Rock-salt. 

Gum juniper. 

Tartrate of potash and soda. 
Oil of almonds, 
CaOWN-GLASS. 
Gum-arabic. 

Alcohol. 

Ether. 

Borax, glass of. 

Borax. 

Tourmaline. 

Leucite. 

Selenite. 

Beryl. 

Topaz, blue. 

Fluor spar. 

Citric acid. 

Malic acid. 

Acetic acid. 

Nitrous acid. 

Muriatic acid. 

Prussic acid. 

Nitric acid. 

Rock-crystal. 

White of an egg. 

Tee. 

Wateb. 

Super-sulphuretted hydro- 
gen. 

Phosphorous acid. 
Sulphurous acid. 
Phosphoric acid. 
Sulphuric Acid. 


Dr Blair’s 
aplanatic 


Finding it impossible to obtain any highly dispersing 
medium which should refract the rays of the spectrum in the 
same manner as crown-glass, Dr Blair thought of employ- 
ing this very imperfection in obtaining a perfect correction 
of colour. As the green rays remained the outstanding 
ones, or were not united in the same focus with the red and 


violet, he considered that if an achromatic concave lens Chromatics 

should refract the outstanding green more strongly than the 

united red and violet, while an achromatic co7ivex lens 

should also refract the outstand- u n 

ing green more strongly than the \\ A 

united red and violet, then two S// 

such achromatic lenses combined £1/ 

might unite the outstanding green i// j 

with the red and violet, and thus 

effect a perfect union of all the ^ 

colours. Hence he took the com- X'i / 

bination ‘ shown in fig. 77, for a 

concave lens, composed of a con- ^ | ^ 

cave lens a6, of crown-glass, and \ / 

a convex lens cd of a fluid which \ / 

had its dispersive power of such \ / 

a character as to unite the red \ / 

and violet rays as stated in the \ / 

figures, and leave the green out- \ / 

standing and He Y 

then made an achromatic convex 

lens, fig. 78, composed of a convex lens hg of an essential 

oil, the same as that in cc?, which disperses the rays in a 

lesser degree, and of a concave v\ // 

lens efgh of an essential oil which ^ 1/ 

disperses the rays in a much 

greater degree. This compound 'i/J 

lens has its convexity such as to £// 

unite at a convenient distance, 

rays which diverge from the violet 

focus of the compound concave 

lens shown in fig. 77, and there- * ^ 

fore its focal length mustbe much , ^ 

shorter than the other, like the \ / 

flint lens in a common achroma- \ / 

tic. But though the focal lengths \ / 

of the two compound lenses are \ / 

thus different, yet, the distance \ / 

or deviation of the outstanding \ / 

green from the united red and V 

violet is equal in both. ^ 

When these two compound lenses are placed in contact, 
as shown in fig. 79, it is manifest that the equal and oppo- 
site deviations of the green ray 
will balance each other, and that A 

this ray will therefore be united / \ 

with the red and violet, and thus j \ 

form a pencil exempt from se- / \ 

condary colours. The plates of / \ 

glass shown by dotted lines at / \ 

ef cd^ though necessary when I 

the two compound lenses are se- 
parate, as in figs. 77, 78, are of 

course removed, since the two X’ 

fluids which they separate, as fig. 

79, are the same. Hence the 

compound object-glass consists 

of a concave lens of crown-glass 

a6, of a meniscus ^ of a fluid, 

and a convex glass of another 

fluid, inclosed between two glasses Fig. 79 

like watch-glasses. Dr Blair found it best in practice to 

make all the glasses concave meniscuses, in place of having 

all the concavity in one lens ah. 

In continuing his experiments, Dr Blair happened to try 
the muriatic acid mixed with a metallic solution. He found 
it best to make his compound convex lens, as shown in fig. 

78, of crown-glass and that fluid, which enabled him to cor- 
rect the colour of the compound concave in fig. 77, and like- 
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^ Brewster’s Treatise on New PMhaophieal Instruments, 373-387. 
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Chromatics wise to correct the aberration of figure by a concave which 
lengthens only by one-third the focal distance of the convex. 

When he was trying a compound concave formed only of 
crown-glass and muriatic acid, he observed that this fluid 
produced an inverted secondary spectrum, and gave a primary 
spectrum in which the green rays were among m . 

the most refrangible ; and hence he was con- j 
ducted to the idea of forming a compound lens 
consisting merely of a single concave lens of 
muriatic acid placed between a plano-convex 
and a meniscus of crown-glass. In this lens, 
which he actually constructed and used, he ob- \ 
serves that the rays of different colours were 
bent from their rectilineal course with the same 
equality and regularity as in reflection} 

In such telescopes, Dr Blair found that when 
the focal length of the object-glass was nine 
inches^ the aperture might be increased as far 
as three inches ; and in order to distinguish 
such instruments where the aberration is re- 
moved, from achrcmatic ones in which it is 
only partially removed, he proposed the use of 
the term aplanatic} 



Fig. 80, 


Section 7F.-— On the Tertiaet Spectrum, anb the 
Method op Correcting- the Aberration op Colour 
BY Prisms aistd Lenses op the same kind op Glass. 

Tertiary The existence of the tertiary spectrum was discovered , 
spectrum* experimentally by Sir David Brewster, who deduced it also 
from the constant ratio of the sines. It is produced when 
the dispersion of a prism of any substance is corrected 
by another prism of the same substance with a different 
refracting angle. An irrationality takes place in the 
coloured spaces, which prevents the correction of colour 
from being complete. The residuary spectrum was there- 
fore called the tertiary spectrum, merely to distinguish it 
from the secondary one, which is produced by the specific 
quality in the refracting media, which act in opposition to 
each other. 

In examining the phenomena of this n ew spectrum, Sir David 
Brewster was led to a very paradoxical method of exhibiting it. 
Having formed 
a prism of oiljjJ-'^ir^ 
of cassia, with a 

large refracting E-ig. 8i. 

angle, and viewing through it the broadest horizontal bar 
of a window, so that the edges of the bar were free of all 
colours, he inclined the prism so as to make the bar exhibit 
at its edges the prismatic colours, as shown in fig. 81, where 
the edges 6M and eN had spectra 6aM, ^N, consisting of 
the usual red and yellow rays, while the edges 6N had 
spectra ceZM, 5cN composed of the usual blue and violet 
rays. These spectra increased from b and e towards M! and 
N, and at the nodes e, where the sfiectra would have 
vanished, had each face of the prism received the rays 
symmetrically, the tertiary syectrum was clearly displayed 
in the form of a green and yellow fringe. 

In order to produce refraction without colour by two 
prisms of the same kind of glass, they may be combined, as 
in fig. 82, where a 
ray of light R in- 
cident on the first 

prism AB is re- it h''\ 


IS 

fri^cted to the axis ^ 
MF at F. The 



of correcting the dispersion of CD without balancing its Chromatics 
refraction ; the prism CD having a position in which its re- 
fraction and dispersion are a minimum. The ray R will 
therefore converge colourless, and meet the axis at F. 

If the prisms have the same refracting angle, and are 
placed in the position shown in fig. 83, the ray R will emerge 
colourless in the direction mr. This combination of prisms, 




prism AB has a smaller refracting angle than CD, and is 
placed in an oblique position, so that its dispersion is in- 
creased in a greater ratio than its refraction, for the purpose 


Fig. 83. 

as well as that in fig. 82, has the property of expanding all ob- 
jects viewed through them, in a vertical plane passing through 
their sections BA CD; that is, of magnifying them in one 
plane. Hence, if we place another similar pair of prisms 
horizontally, this pair also will magnify objects in a horizon- 
tal plane, and by combining these two pair of prisms, we 
obtain an instrument which will expand or magnify objects 
in all directions. 

This instrument was first constructed by Sir David 
Brewster in 1812, under the name of a teinoscope^ for alter- 
ing the proportions of objects in plans and drawings, by 
expanding them differently in rectangular directions and 
there is reason to think that Dr Blair was acquainted with 
this method of magnifying objects by prisms. Mr Archi- 
bald Blair some years ago put into Sir David Brewster’s 
bands an instrument of this kind, composed of four prisms, 
which had been executed by his father, but the date of its 
construction he had no means of discovering. There 
cannot, therefore, be the shadow of a doubt that both the 
principles and the invention of an instrument for magnify- 
ing objects by means of prisms, were known and published 
in Scotland long before the celebrated M. Amici of 
Florence brought forward a contrivance of the same kind. 
That M. Amici’s invention was an independent one will 
not be questioned. 

As we conceive that a telescope of this kind may have 
many useful applications, we have given in the annexed 
figure a sketch of the instrument as actually fitted up for use. 

It consists of A i> 

two prisms, "T'i'x 
AB, AC 
the same kind 
of glass, and 
having a small 
refracting an- Fig. 84. 

gle. Their common line of junction at A is horizontal, and 
their planes of refraction vertical. Other two similar prisms 
DE, EF, ai*e placed transversely, their common line of 
junction at E being vertical, and their planes of refraction 
horizontal. An object M, therefore, seen through the 
prisms in the direction OM, by an eye placed at O, 
will be magnified three, four, or five times, or more, ac- 
cording to the inclination and angles of the prisms. It is 
expanded or stretched out in a horizontal plane by the two 
first prisms ED, EF, and then expanded and stretched out 
in a vertical plane by the other two prisms AB, CD. 

If we use homogeneous light, we may construct the in- 
strument with only two prisms, as there is no necessity 
for correcting the colour with a second prism. For solar 
observations, the two prisms will constitute a telescope, a 
darkening glass being used as in other instruments. It 
will be thus equally useful for viewing the lines in the spec- 
trum, where homogeneous light is necessarily used ; and by 
placing two, three, or four instruments in the same tube, we 



^ Edin, Trans., vol. iii., p. 63. 


2 Ibid. 


3 JEdin. Phil. Jour.^ vol. vi., p. 334, April 1822. 
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Prismatic may obtain any magnifying power we desire. The length 
Spectrum, of the instrument which we have drawn is only two inches 
and three-quarters. 


Sect V. — On the Optical Phenomena op the 
Spectrum. 

Phenome- Although the discovery of the principle, and the actual 
naof the construction of achromatic and aplanatic telescopes had 
spectrum, tjjg attention of many observers to the nature of 

the prismatic spectrum, yet, with the exception of its vary- 
ing length in different bodies, and the continuity of its 
coloured spaces, no attempt was made to question the 
general account of its phenomena given by Sir Isaac Newton. 

Owing to his having used the diameter of the sun as the 
body from which his spectrum was formed, and to the diffi- 
culty of procuring in his day good prisms of glass, Sir Isaac 
never obtained anything like pure homogeneous light, and 
was therefore unable to determine the exact boundaries of 
the coloured spaces. Had the spectrum been observed in 
the same manner on the planet Mercury and on Saturn, the 
spectrum produced by the same prism would have been very 
different. On Mercury the rays would have been less 
pure and homogeneous than that observed on our earth, 
and the mean refrangible rays of a different colour ; while 
on Saturn the colours would have been more pure and 
homogeneous. 

1. Discoveries of Dr Wollaston. 

DiMovwies Thg gj-st person, in so far as we know, who proposed 
to form the spectrum by using a very narrow pencil of 
light in place of the sun, was Dr Wollaston, to whom 
we owe many most valuable observations on the subject. 

“ I cannot,” says he, conclude these observations on 
dispersion, without remarking, that the colours into which a 
beam of white light is separable by refraction, appear to me 
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Fixed lines ^e neither seven, as they usually are seen in the rainbow, 
reducible by any means (that I can find) to three, as 
some persons have conceived ; but that by employing a 
very narrow pen.cil of light, four primary divisions of the 
prismatic spectrum may be seen with a degree of distinct- 
ness, that I believe has not been described nor observed 
before. If abeam of daylight be admitted into a dark room 
by a crevice of an inch broad, and received by the eye 
at the distance of ten or twelve feet through a prism of flint- 
glass, veins, held near the eye, the beam is seen to 

be separated into the four following colours only, red, yel- 
lowish-green, blue, and violet, in the proportions represented 
in the figure. 

“ The line A that bounds the red side of the spectrum 
is somewhat confused, which seems in part owing to the 
want of power in the eye to converge red light. The 
line B, between red and green in a certain position of the 
prism, is perfectly distinct ; so also are D, and E, the two 
limits of violet. But C, the limit of green and blue, is not 
so clearly marked as the rest ; and there are also, on each 


side of this limit, other distinct dark lines, fandg, either of Prismatic 
which, in an imperfect experiment, might be mistaken for the Spectrum, 
boundary of these colours. s/w' 

‘‘ The position of the prism in which the colours are most 
clearly divided, is when the incident light makes about 
equal angles with two of its sides. I then found that the 
spaces AB,BC,CD,DE, occupied by them, were nearly as 
the numbers 16, 23, 36, 25.” Dr Wollaston adds, that 
when the inclination of the prism is altered so as to in- 
crease the dispersion of the colours, the proportions of them 
to each other are then also changed, so that the spaces AC 
and CE, instead of being as before 39 and 61, may be 
found altered a& far as 42 and 58. 

The lines which Dr Wollaston has described in the pre- 
ceding observations, are called the ^ived lines in the spec- 
trum, and may be considered, as we shall presently have 
reason to see, as one of the most valuable observations 
which have been made on this subject. He owed the 
discovery solely to his having used a narrower line of light, 
and had he employed a still narrower and brighter line, he 
would have seen many more lines. 

In considering Dr Wollaston’s observations, and com- 
paring the results with those of Sir Isaac Newton, we must 
carefully attend to the circumstance, that he used a beam 
of daylight, not one of sunlight, and as this beam eman- 
ated from the blue sky, and was light which had been greatly 
modified by the action of the atmosphere, as we shall soon 
show, his estimate of the number and nature of the coloured 
spaces does not in the least affect or invalidate the obser- 
vations of preceding authors. The sun’s light used by 
Newton had lost many of its rays by the absorptive action 
of the atmosphere, before it fell upon Dr Wollaston’s prism. 

In consequence of taking it for granted that Dr Wollaston 
was analysing the same land of light that Sir Isaac New- 
ton analysed, both he and Dr Young were misled in the 
interpretation of the phenomena. Speaking of the obser- 
vations of Newton and his followers. Dr Young says, The 
observations were however imperfect, and the andogy was 
wholly imaginary. Dr Wollaston has determined the division 
of the coloured image or spectrum in a much more accurate 
manner than had been done before ; by looking through a 
prism at a narrow line of light, he produces a more effec- 
tual separation of the colours than can be obtained by the 
common method of throwing the sun’s image on a wall. 

The spectrum formed in this manner consists of four colours 
only, red, green, blue and violet, which occupy spaces in 
the proportion of 16, 23, 36, and 25, respectively, making 
together 100 for* the whole length ; the red being nearly 
one-sixth, the green and the violet each about one-fourth, 
and the blue more than one-third of the length. The 
colours differ scarcely at all in quality within their respec- 
tive limits, but they vary in brightness ; the greatest inten- 
sity of light being in that part of the green which is nearest 
to the red. A narrow line of yellow is generally visible at 
the limit of the red and green ; but its breadth scarcely 
exceeds that of the aperture by which the light is admitted, 
and Dr Wollaston attributes it to the mixture of the red 
with the green light.^ There are also several dark lines 
crossing the spectrum within the blue portion and in its 
neighbourhood, in which the continuity of the light seems 
to be interrupted. This distribution of the spectrum Dr 
Wollaston has found to be the same whatever refracting 
substance may have been employed for its formation ; and 
he attributes the difference which has sometimes been 
observed in the proportion, to accidental variations of the 
obliquity of the rays.”^ Hence Dr Young was led to sup- 
pose that the yellow line was the accidental union of the 


1 Dr Young has given in his Memnts of Natural Philosophy, vol. i., p. 786, plate 29, a small coloured drawing of the spectrum as 
seen by Dr Wollaston and himaelfj with the yellow line. This line has no existence in the true solar spectrum. 

2 Nat Phil, vol. ii., p. 637. 
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Prismatic extremity of the red and green spaces, ^to regard yellow 
Spectrum, a mixture red and green light, and to suppose that the 
green s^poce consisted only of homogeneous green without 
any mixture of yellow. ‘'In consequence ” says he, «of 
Dr Wollaston’s correction of the description of the pris- 
matic spectrum compared with these observations, it became 
necessary to modity the supposition that I advanced in the 
last Bakerian lecture respecting the proportions of the 
sympathetic fibres of the retina ; substituting red, green, 
and VIOLET, for red, yellow, and blue.” In this manner 
the yellow space was struck out of the spectrum on the 
authority of Dr Wollaston’s observations ! 

2. Discoveries of Fraunhofer. 

Diiscoveries Without knowing anything of the discovery of fixed lines 
of Emun- j.j^g skylight by Dr Wollaston, M. Fraunhofer, a cele- 
brated practical optician at Benedictbaiern, near Munich, 
made a series of the most beautiful discoveries respecting 
the spectrum, which he published in 1814 and 1815. By 
making use of prisms of uniform density, »and entirely free 
of veins, and by excluding all extraneous light, and stopping 
the rays which formed the coloured spaces which he was 
not examining, he made the important discovery that the 
in solar spectrum was covered with a great number of black 
the -spec- lixies of different thicknesses parallel to each other, and 
trum. perpendicular to the length of the spectrum. 

All kinds of prisms, fluid or solid, provided they were 
good, exhibited the same lines, and Fraunhofer found that 
these lines had a fixed position in the spectrum, and that 
they varied with the length of the spectrum, the distance 
between any two affording a precise measure of the action 
of the prism on the rays in which these two lines were 
placed. These lines are darker than the rest of the spec- 
trum, and some cf them appear entirely black. The largest 
lines could scarcely be seen if the aperture exceeded a 


minute^ and the finest lines also disappeared entirely when Prismatic 
the aperture was 40." The aperture used by Fraunhofer Spectrum, 
was nearly one-fiftieth of an inch wide, and 2*88 inches 
high. The prism was made of flint-glass, and had a re- 
fracting angle of nearly 60°, and was placed before the 
object-glass of the telescope so that the angles of inci- 
dence and emergence were equal, or the angle of refrac- 
tion a minimum. This apparatus is shown in fig. 86, 



Fiff. 86. 

where the prism is seen in front of the object-glass of the 
telescope of a repeating theodolite resting on a horizontal 
plane with a steel axis, round which it moves. 

When the prism was turned round, so as to increase the 
angle of incidence, the lines disappeared, and tlie same took 
place when the angle of incidence was diminished. But 
the lines reappeared at a greater incidence by shortening, 
and at a smaller incidence by lengthening the telescope. 

The solar prismatic spectrum, as seen by Fraunhofer, is 
represented in fig. 87, w*hich has been abridged, and many 



Figr.sr, 

of the lines necessarily omitted, Fraunhofer himself having 
been obliged to leave them out of his map. At the line K 
the red space nearly terminates, and the violet space at I ; 
but when the light of an illuminated cloud fell upon the 
aperture in the prism, the spectrum appeared to terminate 
on one side at B, and on the other between G and H. At 
A there is a distinct and well-defined line, the boundary of 
the red space being a little beyond it. At a there is a 
mass of lines, forming together a band darker than the ad- 
jacent parts. The line at B is very distinct, and of a con- 
siderable thickness. From B to C may be reckoned nine 
very delicate and well-defined lines. The line at C is 
broad, and black like D. Between C and D are found 
nearly thirty very fine lines, which, however, with the ex- 
ception of two, cannot be perceived but with a high magni- 
fying power, and with prisms of great dispersion ; they are 
besides well defined. The same is the case with the lines 
between B and C, The line D consists of two strong lines 


separated by a bright one. Between D and E we recog- 
nise about 84 lines of different sizes. That at E consists 
of several lines, of which the middle one is the strongest. 
From E to 5 there are nearly twenty-four lines. At h there 
are three very strong ones, two of which are separated by a 
fine and clear line. They areamong the strongest in the spec- 
trum. The space 5F contains nearly fifty -two lines, of which 
F is very sti’ong. Between F and G there are about 185 
lines of different sizes. At G many lines are accumulated, 
several of which are remarkable for their size. From G to 
H there are nearly 190 different lines. The two bands at 
H are of a very singular nature. They are both nearly 
equal, and are formed of several lines, in the middle of 
which there is one very strong and deep. From H to I 
they likewise occur in great numbers. Hence it follows 
that, in the space BH, there are 574 lines. The relative 
distances of the strongest lines were measured with the 
theodolite, and placed in the figure from observation. The 



OPTICS. 


Prismatic faintest lines only were inserted from estimation by the 
Spectrum, eye ” The lines in the solar spectrum which we have thus 
minutely described after Fraunhofer, are not seen in the 
spectra formed by any white flame or white light, whether 
it is generated by ordinary combustion, or produced by the 
application of intense heat to a solid body. In the flame 
of a lamp, however, Fraunhofer discovered that there is a 
. double yellow line occupying exactly the same place as the 
double line D, the two black lines of D corresponding with 
the two luminous ones of the double yellow line in lamp 
light. Hence it follows that ordinary white light, pro- 
duced in the manner already mentioned, has 590 rays of 
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a definite refrangibility which do not exist in solar light, Prismatic 
and hence the black lines have been called defective rays Spectrum, 
or lines, 

By means of the apparatus shown in fig. 86, Fraunhofer 
determined in a very accurate manner the distances be- 
tween the principal fixed lines^ B, C, D, E, F, G, H, taking 
those which divided the spectrum most conveniently. The 
line 5, for example, would have been better than E for its 
magnitude and distinctness, but it does not divide the space 
DF so equally. He repeated these observations with dif- 
ferent kinds of flint and crown glass of several fluids, and 
obtained the results given in the following table : — 


Table showing the Distances of the Principal Fixed Lines in the Spectrum in various Media, according to Fraunhofer » 


Different Combinations of 
Refracting Media. 

— 

Pi ^ 

hlil 

Specific 

Gravity, 

Angle of the 
Prism. 

Angle of 
Deviation. 

BC 

CD 

DE 

EF 

EG 

GH 

Flint-glass, No. 13 

655° 

3-723 

26° 

24' 

30" 

17° 

27' 

8" 

3' 

16" 

9' 

4"*2 

ir 

50" 

10' 

33"-9 

20' 

23"- 9 

18' 

18" 

Crown-glass, No. 9 

m 

2-535 

39 

20 

35 

22 

38 

19 

2 

44*5 

7 

23-5 

9 

14 

8 

14 

15 

10 

13 

18 

Water 

65| 

1-000 

58 

5 

40 

22 

36 

40 

3 

24 

8 

10 

9 

58 

8 

38 

15 

16 

12 

41-9 

Ditto 

655 

1-000 

58 

5 

40 

22 

36 

40 

3 

12-4 

8 

10-6 

9 

57*5 

8 

30-5 

15 

15-6 

12 

46-2 

Sol. of potash in water 

525 

1-416 

58 

5 

40 

27 

45 

56 

4 

2 

10 

26 

12 

54 

11 

12 

20 

36 

17 

24 

Oil of turpentine 

0-885 

58 

5 

40 

33 

20 

12 

4 

56 

13 

52 

18 

46-1 

16 

14 

31 

8 

27 

28 

Flint-glass, No. 3 


3*512 

27 

41 

35 

17 

35 

16-6 

3 

8 

8 

22 

10 

46 

9 

50 

19 

10 

17 

10 

Ditto No. 30 


3-695 

21 

42 

15 

14 

3 

9 

2 

35*6 

6 

56*8 

9 

12-6 

8 

19 

16 

15-6 

14 

32-2 

Crown-glass, No. 13 

1 

2-535 

43 

27 

36 

25 

26 

35*4 

3 

5 

8 

14-4 

10 

28-2 

9 

10 

17 

14-8 

14 

48-4 

Ditto 


2-766 

42 

56 

40 

26 

39 

13 

3 

32*8 

9 

37-6 

12 

29-8 

11 

1-6 

20 

63-6 

18 

17*4 

Flint-glass, No. 23 


3-724 

> 60. 

15 

42 

49 

55 

13*2 

11 

12-6 

31 

14-8 

41 

21-4 

38 

14-8 

1° 14 

45-2 

3° 8 

3-6 

Ditto, ditto 


3-724 

45 

23 

14 

32 

45 

12*2 

6 

26 

17 

47-8 

23 

31-8 

21 

23*8 

41 

33*4 

37 

28-8 


These valuable data were deduced from measures taken 
six times for each substance ; but as the theodolite was 
only twenty-four feet distant from the window of his dark 
room, it became necessary to apply a correction to the angle 
of deviation /x, arising from the distance 4*25 inches of the 
centre of the prism from the axis of the theodolite. This 
correction would have been very great for twenty-four feet, 
and therefore Fraunhofer, to avoid the uncertainty which 
arises from a great correction, determined the angle ft for 
the yellow ray of the light of a lamp which has the same 
refrangibility as D. When the lamp was placed at the 
distance of 692 feet, the correction of ft for crown-glass and 
water was only 40'^ Hence for the smaller arcs, which were 
really measured, the corrections were very small, being only 
2"*5 for BC, 6"*5 for CD, and 8" for DE. All the angular 
distances, therefore, in the preceding table have had this 
correction applied to them. 

M. Fraunhofer then proceeded to determine the index 
of refraction m for the different fixed lines, and calling cr 
the angle of incidence, p the angle of emergence, i[/ the 
angle of the prism, and m the index of refraction, he 
obtained, 

(sin p + cos i/r sin o-y + (sin xjr sin (r)S 
sin if/ ) 

When the angle of incidence is equal to the angle of 
emergence, or the angle of deviation a minimum, and if /x 


is the angle of deviation, or that which the emergent ray 
forms with the incident ray, we have 
sin liij. + 
sin 

When the dispersive power of the body under examina- 
tion is very great, tlie value of the index of refraction m 
given by this last formula will not be rigorously correct, as 
the equality of the angles of incidence and emergence can 
only take place for one ray. Fraunhofer, therefore, mea- 
sured the distances BC, CD, when the distance of the 
two lines B and C, C and D was the smallest, which takes 
place when the ray or line which bisects these spaces has 
its angle of incidence and emergence equal. When the 
substances have a less dispersive power, or the prisms 
a smaller angle, the same care is not necessary to obtain 
this degree of accuracy. If we then call Ew the index of 
refraction for the ray E, we have 

iCft+i/' + DE) . 

sin * 

and for the ray F, 

Fjjt- si" i(K + »A+DE+ EF ) 

sin if 

In this way Fraunhofer obtained the following indices 
of refraction for the different solids and fluids formerly 
used : — 



1 The reader will be desirous of knowing which of these principal lines were discovered by Dr Wollaston. The following attempt 
to do this is given by Sir David Brewster in his Report on Optics,’’ published in the Proceedings of the British Association, vol. i., 
p. 320, note 2 ; — “ In the spectrum formed by a narrow beam of daylight, Dr Wollaston had, previously to the year 1802, discovered 
seven lines, which he has designated by the letters A, B, /, C, jr, D, E ; the first line A being, according to his observations, the extreme 
boundary of the red rays, and the last line E the extreme boundary of the violet rays. The correspondence of these lines with those of 
Fraunhofer I have with some difficulty ascertained to be as follows ; — 

A, B, /, 0, g, D, E, — Wollaston. 

B, D, h, F, Gr, H, — Fraunhofer. 

There is no single line in Fraunhofer’s drawing in the spectrum (nor is there any in the real spectrum), coincident with the line 0 of 
Wollaston ; and indeed he himself describes it as not being “ so clearly marked as the rest.” I have found, however, that this line 0 
corresponds to a number of lines half-way between 6 and F, which, owing to the absorption of the atmosphere, are particularly visible 
in the light of the sky near the horizon. In order to have seen the lines B and H of Fraunhofer, especially the last, Dr Wollaston’s 
“ beam of daylight ” must have come from a part of the sky very near the IsUn’s disc.” 
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Prismatic Table showing the Indices ofRfraction corresponding to the Principal Fixed Lines of the Spectrum, in various Wsmatic 
Spectrum. Media, according to Fraunhofer?- spectrum. 


Eefracting Media. 

Bm 

Cm 

Dm 

Em 

Fm 

G»i 

Hm 

.. 

Flint-glass, No. 13.... 

1-627749 

1-629681 

1-635036 

1-642024 

1-648260 

1-660285 

1-671062 

Crown-glass, No. 9 

1-525832 

1-526849 

1-529S87 

1*533005 

1-536052 

1-541657 

1-546566 

Water 

1-330935 

1-331712 

1-333577 

1*335851 

1-337818 

1-341293 

1-344177 

Ditto 

1-330977 

1-331709 

1-333677 

1*335849 

1-337788 

1-341261 

X-344162 

Solution of potash in water 

1-399629 

1-400515 

1-402805 

1*405632 

1-408082 

1-412579 

1-416368 

Oil of turpentine 

1-470496 

1-471530 

1-474434 

1-478353 

1-481736 

1-488198 

1-493874 

Flint-glass, No. 3 

1-602042 

1-603800 

1-608494 

1-614532 

1-620042 

1-630772 

1-640373 

Ditto No. 30 

1-623570 

1-625477 

1-630585 

1-637356 

1*643466 

1-655406 

1-666072 

Crown-fflass, No. 13 

1-524312 

1-525299 

1-527982 

1-531372 

1*534337 

1-539908 

1-544684 

Ditto 

1*554774 

1-555933 

1-569075 

1*563160 

1-666741 

1-573536 

1-579470 

Flint-glass, No, 23, prism of 60° 

1-626596 

1-628469 

1-633667 

1-640495 

1-646756 

1-658848 

1-669686 

Ditto No. 23, prism of 45° 

1-626564 

1-628451 

1-633666 

1-640544 

1-646780 

1-658849 

1-669680 


niiuninat- Before he proceeded to employ these results to the con- 
ing power struction of achromatic telescopes, Fraunhofer endeavoured 
of the spec- ‘ 



to determine by exact measurement the illuminating power 
of the spectrum at different points. In order to do this, he 
A. constructed an apparatus represented in figs. 

88, 89. To an eye-glass E, made on purpose 
for the telescope of the theodolite, he applied 
a small plane metallic mirror a, the edge of 
which being well defined, cut the field of the 
telescope in the middle, as shown in the figure. 
It was placed at an angle of 45® to the axis of 
the object-glass A, and in its focus. The eye- 
glass E is pulled out till the edge of the small 
speculum a is distinctly seen. At the side of 
the eye-glass, and in a direction at right angles 
• to the edge of the speculum a, or to the axis 
of the telescope, he fixed a tube cut at tlie 
point h in the direction of its length, and in 
this opening he placed a narrow and a shorter 
tube MN, whose section is seen at 5, crossing 
the larger tube cB at right angles. A small 
flame, supplied with oil from an external ves- 
i sel, was placed in the tube MN(fig. 88), so as to 

5 be in the axis of the tube cB. At the point of the 




Fig. 89. 

narrow tube b or MN, where it was cut by the axis of the 



tube cB, was a small round aperture for allowing the light 
of the flame to fall upon the speculum a. Hence it follows 
that the eye at E will see in half of the field the speculum 
a illuminated by the flame, and in the other half the colours 
of the spectrum formed by a prism placed, as formerly 
described, before the object-glass A. By making the tube 
MN and the flame approach the speculum, we increase its 
degree of illumination, and can therefore make it equal to 
the illumination of the part of the spectrum which we wish 
to determine. In this way he obtained for each coloured 
space in the spectrum a certain distance of the flame from 
the speculum, which afforded a measure of the intensity of 
illumination, the squares of the distances being inversely as 
the intensities. 

With the prism of flint-glass. No. 13, having an angle of 
26® 24' 5", he obtained the following results. Though tlie 
experiments were made in clear weather, and at noon, he 
sometimes perceived, in the course of the observations, a 
slight change in the density of the light which the prism 
received. The differences in the four sets of experiments 
may have been partly owing to this change, and the flame 
may also have changed its intensity in the course of the 
observations. If we call the intensity of the light at the 
briglitest part of the spectrum 1, we shall then have the 
intensities at the different points as under 

Table showing the Intensity of Illumination at different 
points of the Spectrum, 


Points of the Spectrum 
whore the illumination 
was measured. 

Intensity orliXOHT, 

Exp.l. 

Exp. 2. 

Exp. 3. 

Exp. 4. 

Mean. 

At the line B 

0-0100 

0*044 

0-053 

0-020 

0-032 

At „ C 

0-0480 

0-096 

0-16 

0-084 

0-094 

At „ D 

0-6100 

0-590 

0-72 

0-62 

0-640 

At 2-7 fchs of DB from E 

1-0000 

1-000 

1-00 

1-00 

1-000 

At the line E 

0-4400 

0-38 

0*61 

0-49 

0-480 

At „ F 

0-0840 

0-14 

0-25 

0-19 

0-170 

At „ H 

0-0100 

0-029 

0*053 

0-032 

0-031 

At „ G 

0-00110 

0-0072 

0-009 

0-005 

0-0056 


Fraunhofer found the brightest part of the spectrum at 
the distance of nearly J or J of DE from D. 

The results of the preceding experiments are expressed 
in the curve which accompanies the spectrum in fig. 87} 
the preceding values in the last column of the table being 
the ordinates of the curve, and the angular distances BC, 
CD in the table on the preceding page, for flint-glass, No. 
13, being the abscissae. 

If we suppose that the quantity of the light in the 
differently coloured spaces is represented by the areas of 


^ The Abl)6 Dutiron has recently made a series of experiments with various kinds of glass, with a new instrument constructed by 
Brunner of Paris. (See AwaaUt de Ohimie, 3d series, tom, xxviii.) 
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Prismatic the curves BC, CD, we shall obtain the following results, — 
Spectrum, the area of the space DE being made equal to unity : — 


dnantity of 
light in, or 
area of, 

BO.... 0*021 

CD 0*300 

DE 1*000 


Quantity of 
light m,or 
area of, 

EP 0*328 

EG 0*185 

GH 0*035 


Hence it follows, that in Fraunhofer’s spectrum the most 
luminous ray is nearer the red than the violet end of the 
spectrum, in the ratio of 1 to 3*5, and that the mean ray is 
almost in the middle of the blue space. 


Sir John Herschel has rendered visible the chemical rays Prismatic 
beyond the visible violet rays ; their colour is that of /a- Spectrum. 
vender^gray; but they require to be concentrated with 
a lens in order to be seen.^ 

M. Fraunhofer next proceeds to apply these interest- 
ing results to the construction of achromatic combinations tic 
for telescopes. From his table, given at the top of 
preceding page, he obtains the following ratios of the 
different dispersive powers of the differently coloured 
rays in the different combinations mentioned in the first 
column : — 


Table showing the JRatios of the Dispersion of the differently-coloured Rays for each combination of Media? 


Eefracting Media. 

Cii'— Bn' 

Dm'— C n' 

En'— Dn' 

Fn'— En' 

Cr?i'— Fn' 

Hn'— Gn' 

Cn— Bn 

Dn— Cn 

En— Dn 

Fn—En 

Gtm— F n 

Hn— Gn 

Piint-glass, Ho. 13, and water 

2*662 

2*871 

3-073 

3*193 

3-460 

3-726 

Flint-glass, No. 13, and crown-glass, 
No. 9 

1*900 

1*956 

2-044 

2-047 

2*146 

2*195 

Crown-glass, No. 9, and water 

1-349 

1*468 

1*503 

1*660 

1*613 

1-697 

Oil of turpentine and water 

1*371 

1*557 

1-723 

1-732 

1-860 

1*963 

Flint-glass, No. 13, and oil of turpen- 
tine 

1*868 

1*844 

1-783 

1*843 

1-861 

1*899 

Flint-glass, No. 13, and kali 

2*181 

2*338 

2-472 

2*645 

2-674 

2-844 

Kali and water 

1*175 

1*228 

1*243 

1*254 

1-294 

1*310 

Oil of turpentine and kali 

1*167 

1*268 

1*386 

1*381 

1*437 

1*498 

Flint-glass, No. 3, and crown-glass, 
No. 9 

1*729 

1*714 

1*767 

1*808 

1*914 

1*956 

Crown-glass, No. 13, and water 1 

1*309 1 

1*436 

1*492 

1*618 

1*604 

1*661 

Crown-glass and water 

1*537 

1*682 

1794 

1-830 

1*956 

2-052 

Crown-glass, No. 2, and crown-glass, 
No. 13 

1*174 

1*171 

1*202 

1*211 

1*220 

1243 

Flint-glass, No. 13, and crown-glass 

1*667 

1*704 

1*715 

1*737 

1*770 

1-816 

Flint-glass, No. 3, and crown-glass 

1*517 

1*494 

1*482 

1*634 

1*679 

1*618 

Flint-glass, No. 30, and crown-glass, 
No. 13 

1*932 

1*904 

1*997 

2*061 

2*143 

2-233 

Flint-glass, No, 23, and crown-glass, 
No. 13 

1*904 j 

1*940 

2*022 , 

2*107 

2*168 

2*268 


Irrational- 
ity of the 
coloured 


proved. 


Fixed 
lines in 
starlight. 


The important results embodied in the preceding table, 
completely overturn the opinion of Dr Wollaston respect- 
ing the proportionality of the different colours, and establish 
beyond all question the irrationality of the coloured spaces. 
In the very first combination, for example, of flint-glass 
and water, the ratio of the dispersion of the rays in the red 
space BC is as 1 to 2*56, whereas in the violet space GH 
it is as high as 1 to 3*726. In the combination of flint- 
glass and oil of turpentine^ we have a case where the irra- 
tionality is very trifling, and what Fraunhofer has not ob- 
served, the irrationality is nothing between the orange and 
blue spaces, and almost nothing between the red and indigo, 
but very considerable between the green and all the other 
spaces, and a maximum between the green and the violet. 
The differences of the ratios, too, are negative or diminish- 
ing in the two first or least refrangible spaces, and positive 
in all the rest, the negative differences nearly balancing the 
positive ones ; whereas, with very trifling exceptions, the 
ratios increase towards the most refrangible extremity of 
the spectrum. 

To the Chevalier Fraunhofer we owe also the discovery 
of many fixed lines in the light of the planets and fixed stars. 
As the light of our sun is defective in so many rays, it was 
to be expected that the light of all the planets which he 
illuminates would be equally defective in the same rays. 
In the brighter colours of the moorHs spectrum, we find 
the same fixed lines as in the sun’s light, and in the same 
place. The spectra from the light of Mars and Venus con- 
tained the lines D, E, b, and F, of solar light, and precisely 


in the same place. In the spectrum of Sirius he was unable 
to perceive fixed lines in the orange and yelloto colours, 
but in the green he saw a very strong streak, and in the 
blue other two very strong ones, having no resemblance to 
any of the lines in the solar spectrum. Castor gives a 
spectrum resembling that of Sirius- The streak in the 
green was so intense, that, notwithstanding the weakness 
of the light, he ascertained by measurement that it occu- 
pied the same place as the green streak in Sirius. He dis- . 
tinguished also the two streaks in the blue, but he could 
not ascertain their place. In the spectrum of Pollux he 
found many weak and fixed lines, which resembled those 
of Venus- The line D he saw distinctly, and occupying 
the same place as in the pure light. In the spectrum of 
Capella he saw the lines D and 5 as in solar light. The 
spectrum of Betalgeus contains numerous fixed lines, which 
in a favourable atmosphere are sharply defined. There 
were lines like the solar ones D and b. In the spectrum 
from Procyon, some lines were perceived with difiSculty, 
but they were not sufficiently distinct to be measured. In 
the orange space, however, he saw a line at D. 

In all these Stars the light is colourless ; that is, the de- Defective 
fective rays are equally numerous in the differently coloured 
spaces of their spectra, or are so balanced that the obstruc- 
tion of light at these places does not affect the whiteness of 
their light. Presuming that in coloured stars the colour 
was caused by defective rays being more numerous in one 
part of the spectrum than in another, Sir David Brewster 
had an opportunity many years ago of confirming the con- 


^ Phil. Tram. 1840, p. 19. 

2 M. Dutiron has also given, in the work already referred to, a table of the dispersive powers of the substances whose refractive 
powers he had measured. 
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Prismatic jecture by examining with a very fine prism of rock-salt 
Spectrum, Qrangc-coloured^tBx of ^o\xh\Q ^ Herculis^ 'wh&o 
seen through Sir James South's largest achromatic telescope. 
One defective band was observed in the red space, and two 
or more in the blue space, and consequently the orange 
colour of the star was owing to a greater defect of blue than 
of red rays. 

Longitudi- In examining the spectrum of the sun, Professor Zante- 
nal lines in deschi, now of Padua, discovered a set of longitudinal 
the spec- 

in the spectrum perpendicular to the fixed lines 
trum. Fraunhofer, and has published beautiful drawings 

of them in his Ricerche sulla Luce} They were ob- 
served by Wartman in 1840, and by various authors; but 
the general opinion has been, that they arise from minute 
irregularities or particles of dust on the slit or line of light 
from which the spectrum is formed. More accurate obser- 
vations, however, have given a different character to the 
phenomenon ; and M. Babinet, who has investigated the 
subject, regards it as a true and valuable discovery. Pro- 
fessor Zantedeschi and Professor Ragona Scina have found 
that the lines are produced only when a lens or telescope 
is used along with the prism ; and M. Babinet, who has 
observed them with a very fine apparatus made by M. 
Porro, has given an interesting explanation of them. The 
lines themselves are sometimes broad and sometimes narrow, 
generally black, but sometimes luminous, depending on the 
focal length and nature of the lens or lenses. 

When a lens has a proper diaphragm, M. Arago found that, 
setting out from its focus, the axis of a luminous pencil pre- 
sents a series of dark and bright points, surrounded with nar- 
row rays, bright and obscure, such as are shown in figs. 126, 
127, 128, and described in section 3. Now, in Zantedeschi's 
experiments every point of the luminous slit, according to 
its distance from the prism, the screen, or the eye-glasses, 
gives dark or bright spots, which are transformed by the 
action of the prism into longitudinal lines either dark or 
bright. The centre of a black ring, in dilating itself longi- 
tudinally, will give a large black line. The centre of a 
brilliant ring will in like manner produce a large bright line, 
coloured prismatically from red to violet. The dark and 
bright narrow rays will be produced from the dark and 
bright narrow rings which surround the bright and dark 
centres ; and finally, according to all the circumstances of 
the relative position and magnitude of all the pieces of the 
apparatus, we ought to have an immense variety in the posi- 
tion and brightness of the different longitudinal lines.* 
Bright In the spectrum of the light of a lamp, and generally 
lines in of all white flames, none of the defective lines are found, 
d^ffei^ent^ and consequently all such flames contain rays which do not 
aaines.^ exist in the light of the sun and stars. Fraunhofer, how- 
ever, observed in the orange space of the spectrum from 
the light of a lamp a bright line more distinct than the 
rest of the spectrum. He found it to be double, each 
bright line corresponding with each of the two dark 
lines forming the line D of the solar spectrum, already 
described in the preceding section. If we throw any of the 
salts of soda into the flame, the bright orange line D be- 
comes more brilliant, and I have discovered in the salted- 
wick flame a bright line placed nearly half-way between 
the two that compose D. On the less refrangible side of D 
I have found three equidistant bright lines in the salted- 
wick spectrum, the least refrangible of the three correspond- 
ing with a defective line in the solar spectrum lying be- 


tween D and Dl of Fraunhofer. I have discovered also Prismatic 
a band in the solar spectrum corresponding with the space Spectrum, 
between the two of the most refrangible of these three 
bright lines. Designating the two lines of D by the 
letters and the other three bright lines by c, c?, and 
the small line between a and b by e, we have ab=^cd=dh; 
be= l^ab, and ae less than eb. 

When nitrate of stro7itian is thrown into an alcohol^amOy 
a great number of brilliant red lines are exhibited on the 
most refrangible side of D9, corresponding with defective 
lines in the pure light, and a few on the less refrangible 


side of D. 

In the spectrum produced by the combustion of nitre 
upon charcoal I have observed brilliant red lines corre- 
sponding with the double lines A and B, and with the 
group of eight lines between A and B in Fraunhofer's 
map."* 

In a series of experiments on the spectra produced in 
the combustion of various mineral and saline substances in 
oxygen and carburetted hydrogen gas, I observed many 
defective bands and lines, which gave to the flames 
the colour of the predominating rays, and also numerous 
bright lines analogous to those which have already been 
described.^ 


Sect VL — On the Physical Properties of the 
Spectrum. 


The physical properties of the spectrum, which have been Physical 
tlie subject of experimental investigation, are its properties 

power, and the chemical and apparently magnetical in- 
fluence of its rays. 

Heating Power of the Spectrum, — That the heat of the Heating 
coloured rays should be most intense where their light was power, 
strongest was long the general belief of philosophers ; and 
Landriani, Rochon,® and Sennebier, found by direct experi- 
ment that the highest temperature existed in the yellow 
space. Sir W. Herschel, however, found that the heating Sir W. 
power increased from the violet to the red space, and that Herschel. 
the thermometer continued to rise when placed beyond the 
visible red extremity of the sjjectrum. He therefore drew 
the conclusion, that there were invisible rays in the light of 
the sun which had the power of producing heat, and wbieli 
had a less degree of refrangibility than red light. Sir W. 

Herschel attempted in vain to determine the index of re- 
firaction of the extreme invisible ray which possesses the 
power of heating ; but he ascertained that at a point ]-|- 
inch distant from the extreme red ray the invisible rays 
exerted a considerable heating power, even though the 
thermometer was placed at the distance of 52 inches from 
the prism. 

In 1801 Sir Henry Englefield repeated these ex- Sir Henry 
periments; but he does not acquaint us with the kind Englefield, 
of glass of which his prism was made. He obtained 
the following results, which confirm those of Sir William 
Herschel : — 


Colours of the 
Spectrum. 

Blue 

Oreen 

Yellow 

Red 

Beyond red 


Temperature. 

Fahr. 

66 

68 

62 

72 

79 


^ Chap, iii., Venezia, 184:6. 2 (Jomptea Rendus^ tom. xxxv., p. 415. 3 itid., tom. xxx., p. 678. 

* See a brief notice of these experiments in the R&port of the Brituh Association for 1842, p. 15, and the North British Review, vol. vi., 
p. 237. 

® The Abbfe Rochon used a prism of flint-glass, and a thermometer containing spirits of wine, and he found the maximum tempera- 
ture in the yellow-orange rays.^ See his Opuscules, 1783. Dr Hutton, in his Philosophy of Light and Heatj Edin. 1794, p. 38, remarks 
that “ the compound^ light, which is white, has a greater power pf giving vision in proportion to its power of exciting heat ; whereas 
in the red species it is the opposite, for here the power of exciting heat is great in proportion to its power of giving vision,’* 
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Prismatic From our author’s own account of the method of making 

Spectrum, these experiments, we place no confidence in the principal 
result respecting the invisible rays. “ As 1 had nothing to 
do with liglit^^ says he, “ it was not necessary to darken 
the room ; and as I wished to accumulate as large a por- 
tion of solar heat as possible, I placed the prism in an 
open window'^ As the whole interest of these experi- 
ments was concentrated in the determination of invisible 
heating rays, Sir Henry had a great deal to do with light, 
as the whole question turned upon an exact appreciation 
of the termination of the spectrum. In a dark room the 
spectrum is much longer than in open day ; and we have 
reason to believe from experiment, that Sir Henry Engle- 
field’s spectimm did not visibly extend beyond the line C 
of Fraunhofer ; so that his maximum temperature of 79° was 
actually found in the red rays. 

Later ex- With the view of throwing light upon this subject, Sir 

perimentB* David Brewster has endeavoured to ascertain the visible 
extent of the spectrum by various methods of condensing 
the light, and absorbing by coloured media the luminous 
parts of the spectrum. By these means he has traced the 
visible spectrum, and the fixed lines in it, as far beyond the 
line A as the distance of the group of lines a is from A, 
and has seen it indistinctly to a distance as great as AB 
beyond A. Hence there cannot be the least doubt that 
the experiments beyond the visible red were actually made 
when the thermometer was placed in the red space. He 
does not, however, infer from this that there are no invi- 
sible rays beyond the red ; but merely that the experiments 
of Herschel and Englefield were made in a part of the 
spectrum where rays of light actually exist. On the con- 
trary, Sir D. Brewster concludes that there are rays of 
heat of all degrees of refrangibility, and consequently con- 
sisting of waves of all degrees of breadth and velocity. 
When produced by a slight vibratory movement, the waves 
of heat are broad and slow; as the temperature rises, they 
become narrower and quicker in their motion. When their 
velocity is such as to equal that of the extreme red ray, 
they become faintly visible, and the other colours are suc- 
cessively produced by quicker motion, till white light is 
radiated. This seems to be the process by which incom- 
bustible bodies are gradually raised from the deepest red 
to the brightest white ; and if we examine by means of a 
prism the changes which take place in the gradually in- 
creasing light, we shall find that the different rays of the 
spectrum are successively added to the red light.^ He con- 
ceives, therefore, that the sun emits rays of all degrees of 
refrangibility, extending probably far beyond the visible 
extremity of the violet, and though not capable of being 
rendered sensible, yet exercising powerful influences in the 
economy of nature. 

Berard. M. Berard and Sir Humphry Davy obtained results 
analogous to those of Sir W. Herschel, — M. Berard finding 
the maximum heat at the very extremity of the red ray, 
and Sir H. Davy beyond it. 

Wunsch. The most valuable series of experiments on this subject 
were made by Professor Wunsch and Dr Seebeck of Berlin. 
So early as 1807, Professor Wunsch* had made experi- 
ments with prisms of various substances, and obtained the 
following results : — 


Substances of whiob fcli© 
Prisms were made. 

Alcohol 

Oil of turpentine 

Water 

Green glass 

Yellow glass 


Place of Maximum 
Heat. 

...Yellow space. 
...Yellow space. 
...Yellow space. 


.Red 

.Extreme red. 


Seebeck. These results were confirmed by Dr Seebeck, who ob- 
tained the following new results : — 


Substances of which the Place of Maximum 

Prisms were made. Heat. 

Sulphuric acid, concentrated Orange. 

Solution of sal-ammoniac Orange, 

Solution of corrosive sublimate... Orange. 

Crown-glass Middle of red. 

Plate-glass Middle of the red. 

Flint-glass, English Beyond the red. 

Ditto Bohemian Beyond but nearer the red. 


Prismatic 

Spectrum. 


The explanation which was given of these results by Sir Brewster. 
David Brewster accounts in a very satisfactory manner for 
all the phenomena. He conceives that transparent bodies 
have the power of absorbing or stopping certain rays of 
the thermometric spectrum, as Dr Robison called it, in 
the same manner as coloured bodies have the power of 
stopping certain rays of the luminous spectrum. These last 
bodies necessarily became coloured by stopping certain rays; 
but as the eye is not sensible to heat in the same manner as 
to light, the absorptive power of transparent bodies for heat 
can only be proved by the thermometer. Pie considers 
water as the type of bodies which are uniformly transparent 
for heat, as its maximum of heat coincides with its maxi- 
mum of light. A prism of crown-glass, on the contrary, 
is less uniformly transparent for heat ; and its maximum of 
heat is in the red space, because it has absorbed much of 
the heat in the yellow space. In like manner, flint-glass has 
absorbed more of the heating rays in the red than the crown- 
glass, and hence its maximum is about the extremity of 
the red, or beyond the end of the spectrum as commonly 
seen. In coloured media the maximum ordinate of their 
luminous spectrum shifts along the whole prismatic spec- 
trum ; sometimes there are two or more maxima of light, 
and sometimes narrow and wide spaces entirely defec- 
tive in light. Hence Sir David Brewster® supposes that 
there are defective spaces and lines in the thermometric 
spectrum. 

This view of the subject suggests a new mode of in- 
vestigating the phenomena of the heating rays. If we 
take a prism of coloured glass to investigate the dark spaces 
and lines produced by absorbing media, we shall only have 
a very imperfect approximation to tlie true results ; that 
is, we never could have absolutely dark spaces in tlie spec- 
trum as long as all the rays that went to the formation of 
the spectrum passed through all the different thicknesses 
of the prism. The thinnest parts of the prism allow ail 
the rays to pass, and consequently illuminate the whole 
spectrum, so that the actions of various thicknesses of the 
media are confounded, and the real absorptive action at a 
given thickness concealed. In like manner, in the spectrum 
of heat, the heating rays which pass tliroiigh the thin parts 
of the prism will throw heat into every part of the spectrum ; 
and hence the experiments should be made with the frus- 
tums of prismsy where the difference of thickness is small, 
and the want of area made up by an increased height of 
the prism. The best way, however, of making the experi- 
ments would be to use a compound prism constructed as 
in fig. 90, where AB, 

MN, is the section of a 
compound prism consist- 
ing of four frusta of 
prisms, AB, ah^ dll^ &c., 
the frustum AB being 
part of a prism - ABC, 
the firustum ah part of 
a prism abc, &c,; or this 
compound prism, in place 
of being ground out of rig.90. 

the mass, which would be difficult, though practicable, might 
be composed of- a single prism ABC, with parallel plates 



^ See Professor Powell’s Report on Radiant Heat,” British Association Reports, vol. i., p. 295. 

2 Magazin der GeseUsch,, &c. ® Professor Powell’s Report, pp. 293, 294. 
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Prismatic of the same glass, added by cement so as to compose the 
Spectrum, notched parallelogram ABMN. Very interesting results 
might also be obtained by using spectra formed, by inter- 
ferences in the manner we shall afterwards describe. 

In all experiments with fluid prisms the results are per- 
plexed with the effects of the plates of glass by which the 
prisms are confined, in the same manner as we would disturb 
and indeed nullify the results respecting the absorption of 
light by coloured fluids, were we to confine them in hollow 
prisms made of coloured glass. The only method of re- 



medying this defect in the experiment would be to form 
the spectrum by a prismatic vessel of the fluid, whose upper 
surface AC is formed by gravity, and its lower surface BC 
by a plate of highly polished silver, which reflects back the 
spectra through the first surface. 

According to Berard’s experiments the calorific rays of 
the spectrum are capable of being doubly refracted and 
polarized like those of light, and he obtained the same re- 
sult with culinary heat, — the heat of a dark body below 
redness being substituted for solar heat.^ 

Herachel. The calorific or thermic spectrum has been recently ex- 
amined by Sir John Herschel, by means of a new and in- 
genious process, — namely, by the drying power of the heat 
itself, 

A piece of thin paper, such as is used for foreign corre- 
spondence, is blackened on one side by Indian ink, or, what is 
better, by a smoky flame, and the other, or white side, is sa- 
turated with good rectified spirit of wine, which will make it 
uniformly black. The solar spectrum being thrown upon this 
wet side of the paper, its heating power will be displayed 
by the whiteness produced by the evaporation of the alcohol. 
By this process, and with an object-glass of crown and flint 
glass, and a prism of flint-glass, he obtained the following 
results ; — The thermic spectrum is continuous throughout 
the length of the luminous spectrum, but at a point a, 
considerably beyond the extreme red, the heating power is 
a maximum, having gradually increased up to this point. 
It then diminishes slightly for a short space, and again 
reaches a second maximum at jS ; from this point it dimi- 
nishes and ceases altogether. It then reappears, and reaches 
another maximum at y ; diminishes again ; ceases, and reaches 
a fourth maximum at 8. Traces of a fifth maximum were 
seen at c. 

Calling the length of the luminous spectrum 57, — viz., 
43 on the violet side of the yellow line D, and 14 on the 
red side, — the distances of the maxima will be as follows: — 

« = 18*2 from the line D. 

iS = 26-7 

y=35*7 

X=45-l 

«=65 

The thermic spectrum thus extending the whole’ length of 
the luminous spectrum beyond the line D. 
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With a crown-glass prism and lens, ‘'the insulation, Prismatic' 
of 7 ,” says Sir John Herschel, “ was much less sensible, Spectrum^ 
and the separation of a and /? hardly to be perceived. This 
would go to point out the flint-glass as the origin of the spots ; 
and to that idea I rather incline. With a prism of pure 
water, and also with one of a saturated solution of muriate 
of lime, the spot y was greatly enfeebled, and S invisible. 

Green glasses cut off nearly the whole thermic spec- 
trum.”^ 

On the Chemical Effects of the Spectrum . — It was long Chemical 
ago observed by Scheele that muriate of silver was rendered effects of 
much blacker in the violet rays of the spectrum than in 
any other part of it.® In the year 1801 Professor Ritter 
of Jena exposed muriate of silver in various parts of the Muriate of 
spectrum, and also beyond its apparent limits. He found silver, 
that the action was least of all in the red rays, greater in 
the yellow, greater still in the blue and violet, and greatest 
of all beyond the visible violet rays. Dr Wollaston and M. 

Beckman obtained a similar result, apparently without know- 
ing what had been done by Ritter. In repeating the experi- 
ments of Scheele with white muriate of silver, “ he found 
that the blackness extended not only through the space 
occupied by the violet, but to an equal degree, and to about 
an equal distance, beyond the visible spectrum ; and that 
by narrowing the pencil of light the discoloration may be 
made to fall almost entirely beyond the violet. It 
would appear, that this and other effects usually attributed 
to light, are not in fact owing to any of the rays usually 
perceived, but to invisible rays that accompany them ; and 
that if we include two kinds that are invisible, we may 
distinguish upon the whole six species of rays into which a 
sunbeam is divided by refraction.”* 

The phrase almost entirely beyond the violet, used by 
Dr Wollaston, cannot be considered as indicating the ex- 
istence of invisible rays, even if we did not know from the 
experiments of Fraunhofer and others, that the visible 
violet space extends greatly beyond the place where both 
Ritter and Wollaston found the muriate of silver to be 
blackened. The existence of invisible rays, therefore, how- 
ever probable, cannot be regarded as a scientific fact. 

The chemical action of the least refrangible rays upon dam guia- 
gum guiacum was discovered by Dr Wollaston. Having 
washed a card with a solution of this gum in alcohol, he 
found that it acquired a green colour from the concentrated 
violet and blue rays. No change of colour was effected 
by heat; but in the red rays the tinged card lost its green 
and recovered its original colour. When the tinged card 
was placed in carbonic acid gas, the violet rays could not 
make it green ; but when made green as before, it was 
speedily restored to its original yellow colour by the red 
rays. As Dr Wollaston found that the back of a heated 
silver spoon restored the green colour as well as the red 
rays, we cannot attach any definite meaning to these 
experiments. 

MM. Gay-Lussac and Thenard discovered a very en- Hydrogen 
ergetic chemical action of the solar rays. On exposing and chlo- 
to a pencil of solar light a mixture of hydrogen gas and rine. 
chlorine, in equal volumes, a detonation of the mixed gases 
took place, and hydrochloric acid (muriatic acid) was 
formed. 

M. Berard repeated the experiments with muriate ofM. Berard. 
silver, and with the preceding mixture of gases, which he 
placed in the different coloured spaces of the spectrum, and 
he found that the chemical action was in every case more 
powerful towards the violet extremity and a little beyond 
it. M. Berard likewise concentrated the least refrangible 
half of the spectrum by means of a lens, and then the most 
refrangible half. The latter, though the most intense, pro- 


^ Mem. de Za SocieU d'Arcmil, 1817, tom. iii. A full account of these experiments, occupying a whole chapter of eighteen pages, will 
be found in Biot’s TraiU de Physique, tom iv., p. 600. 2 Brewster’s Optics, p. 101. 

® Traitk de VAir et du Feu, sect. 66. 4 Trans, 1802. 
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Prismatic duced no effect upon the muriate of silver, but the former 
Spectrum, blackened it in less than ten minutes.^ 

Mrs Somerville^ found that the chemical rays passed as 
Mrs Somer- freely through blue glass coloured with cobalt, as through 
ville. colourless glass. Having dipped a piece of paper in a solu- 
tion of muriate of silver, and cut it into two parts, one of 
them was placed under a blue glass, and the other under a 
white glass, at the same instant. The one did not become 
black more than the other, and there was no difference in 
the intensity of their colour. 

Dr Young. Dr Thomas Young made a very interesting experiment 
with the view of determining if the invisible chemical rays 
interfered with the luminous ones. He produced the New- 
tonian rings with a thin plate of air, and having formed an 
image of them by means of the solar microscope, he threw 
this image upon paper dipped in a solution of nitrate of silver, 
and placed it at the distance of about 9 inches from the mi- 
croscope. “ In the course of an hour,” says he, “ portions of 
three dark rings were very distinctly visible, much smaller 
than the brightest rings of the coloured image, and coin- 
ciding very nearly in their dimensions with the rings of 
violet light that appeared upon the interposition of violet 
glass. I thought the dark rings were a little smaller than 
the violet rings, but the difference was not sufficiently great 
to be accurately ascertained. It might be as much as one- 
thirtieth or one-fortieth of the diameter, but not greater.”® 
A more decisive experiment was afterwards performed by 
M. Arago. M. Arago, who formed a set of fringes by the interference 
of two solar pencils proceeding from a common origin, and 
having kept them very steadily for a long time upon the 
same part of a piece of paper rubbed with muriate of silver, 
a series of black lines were traced upon the paper, leaving 
their intervals smaller than those of the dark and bright 
fringes formed by violet light. 

Sir Jobn In the summer of 1831 we had the satisfaction of being 
Herschel. shown by Sir John Herschel a very interesting experiment 
on the chemical action of the violet rays. When a solu- 
tion of platinum in nitro-muriatic acid^ is mixed with lime- 
water, no precipitation to any considerable extent takes place 
in the dark, a slight docky sediment only being formed after 
long standing. But if a fresh mixture, or an old one cleared 
by subsidence of this sediment, is exposed to the sun’s rays, 
it instantly becomes milky, and a white precipitate is copi- 
ously formed. If the solution of platina is in excess, the 
precipitate is of a pale yellow colour. In the common light 
of a cloudy day, the same effect is produced more slowly. 
When tubes containing the mixture are exposed within 
red fluids, or even yellow ones which absorb the violet rays, 
no precipitation takes place.® 

As the art of Photography, comprehending the daguer^ 
reotype and talbotype, depends on a knowledge of the che- 
mical properties of the spectrum, we must refer our readers 
to that article for what is practical in the art. It is only to 
the chemical properties of the spectrum that we can here 
direct the attention of the reader, confining ourselves to 
the researches of Sir John Herschel and M. Edmund 
Becquerel. 

In order to give a distinct account of the results obtained 
by Sir John Herschel, we must refer to the luminous spec- 
trum which he actually used in his experiments. Its total 
length was 53*92 thirtieths of an inch, the distance of the 
violet end from the line D being + 40*62, and of the red 
extremity from' the same line - 13*30. 

^ 1. Nitrate of Silver. — ^Paper washed with a solution, spe- 
cific gravity, 1*132. The colour of the spectrum impressed 
upon this paper by the chemical rays was pale brown^ in- 
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dining to pink, and the most intense part was about the Prismatic 
middle of the blue ray. The total length was 85 parts, Spectrum, 
and it terminated at the line D. The point of maximum 
intensity was 23 parts on the violet side of D. 

Nitrate of Silver^ with Muriate of Soda, — The paper was 
first washed with the nitrate, specific gravity, 1*132 ; then 
with the muriate of salt +19 water j and again with the 
nitrate, specific gravity, 1*096. The spectrum impressed 
upon this paper is more variously coloured than any other. 

The tint is a pretty high red at — 7*6, beginning to pass 
into green at - 3*8, through a kind of livid mixed tint. The 
best green, however, which is of a sombre and dull charac- 
ter, is developed a little above ( + ) D, and covers a breadth 
of about 4 parts.' Prom that point, with a barely percep- 
tible tinge of dark blue, it becomes rapidly an intense 
black, which at + 80 dies away into a purplish-brown^ and 
terminates the spectrum at + 90*23 ; the whole length of 
the chemical spectrum, or the discoloured impression, being 
+ 97*83 parts. 

Nitrate of Silver^ as before, with hydro-hromate of potash, 
instead of muriate of soda. The spectrum impressed upon 
paper thus prepared is a most extraordinary one. The 
instant the rays fall upon it, the action begins over its 
whole length, and the intensity is the same everywhere, but 
just at the extremities, where it gradually dies away. It 
extends, too, all the way to the extremity of the visible red 
rays. Its tint is a grayish-black. At the red extremity a 
contrary or oxidizing action now commences, producing 
whiteness in the paper, and extends to — 22*67. Hence 
the extent of the chemical beyond the luminous spectrum 
is — 9*37. The most refrangible extremity of the darkened 
portion is + 90*50, the total length of the darkened por- 
tion is 105*55, and the whole length of the paper visibly 
affected 116*77. 

The chemical and phosphorogenic properties of the spec- Edmund 
trum have been more recently studied by M. Edmund 
Becquerel. He has given measures and drawings of the 
chemical spectrum, which acts upon iodide of silver, chloride 
of gold, chromic acid, and guiacum: He has also given the 
chemical spectra obtained upon iodide of silver by means 
of the rays which have passed through colourless screens, 
such as sulphate of quinine, creosote, &c., and through 
coloured screens, such as yellow and blue glass, and solu- 
tions of tournesol and sulpko-cyanuret of iron. He found 
that the chemical rays which extend from the line H to 
their extreme limit render artificial phosphor! luminous; 
while the rays from H to A extinguish the phosphorescence 
thus produced. In Canton’s phosphorus {suLphurei of cal- 
cium) there is a dark space in the phosphorogenic spectrum 
nearly bisecting it. With the Bologna phosphorus (sul- 
phuret of barium) there is no dark space, and the spectrum 
is shorter. With transparent screens of turpentine and 
naphtha the more refrangible half of the phosphorogenic 
spectrum is almost extinguished, while with creosote and 
sulphate of quinine that hue is completely extinguished.® 
Phosphoric light, however produced, I have found to con- 
tain rays of all colours and refrangibilities.^ 

Magnetic Influence of the Solar Rays. — Though many in- Magnetic 
teresting and apparently accurate experiments have con- influence of 
curred to indicate the existence of this property of light, 
yet subsequent inquiries have thrown considerable doubt ^ ' 
upon the conclusions which have been drawn from them. 

Dr Morichini, a Roman physician, first succeeded in 1813 
in magnetizing small needles, by making the focus of violet 
rays collected by a lens pass repeatedly from the middle 
to one end of a needle, without touching the other half. 


^ Biot’s Traiti de Physique, tom. iv., pp. 673, 674. ® PhtlosopUcal Transactions, 1826, part ii., p. 136. 

® Elements of Natural Philosophy, vol. ii., p. 647. 

^ The excess of acid must be neutralized by the addition of lime, and the solution well cleared by filtration. 

® See Lond. and Edin. Phil. Mag., Ho. 1, July 1832, p. 58. ® See Annales de QhXm. et de Pkys. 1843, tom, ix., po, 257-323.' 

^ Brewster’s Oi3tw5,p. 103. r ^ i 



596 OPT 

Prismatic By continuing this process for an hour, the needle had 
Spectrum, acqiured distinct polarity. 

V— ^ In 1825 Mrs Somerville repeated, in a different way, the 

Mrs Somer- experiments of Morichini. She took a slender sewing-needle 
viile. an inch long, quite devoid of magnetism, and having covered 
half of it with paper, she fixed it to the panel of the wall 
with wax, so that its uncovered half should receive the 
violet rays of a spectrum formed by an equiangular prism 
of flint-glass, whose refracting faces were each 1*4 by 1*1 
inches, and which was placed about five feet from the wall. 
The needle was placed in a vertical plane nearly perpen- 
dicular to the magnetic meridian, and inclined to the hori- 
zon, and as the sun advanced to the meridian, the needle 
was moved parallel to itself, to keep it in the sun’s rays. 
In less than two hours, when the sun had just passed the 
meridian, the exposed half of the needle attracted the south 
and repelled the north pole of the magnetic needle. In 
the blue and green rays the needles were magnetized, but 
less frequently, and always after a longer exposure, but the 
magnetism was always as strong as in the violet. The in- 
digo rays were nearly as efficacious as the violet. 

Baumgart- M. Baumgartner of Vienna,^ wdiile repeating the experi- 
ments of Mrs Somerville, found that a steel wire, some 
parts of which were polished, while the rest were rough or 
without lustre, were magnetized by the action of the white 
light of the sun, each polished part exhibiting a norths and 
each unpolished part a south pole. 

Barlocci. A less equivocal method of proving the magnetic in- 
fluence of white light presented itself to Professor Barlocci. 
An armed natural loadstone, capable of carrying a weight of 
Roman pounds (a Roman pound is equal to 339T79 
grammes), after three hours^ exposure to strong sunlight, 
was able to carry 2 oz. or one-sixth of a pound more, and 
after an exposure of 24 hours, its force was almost doubled* 
A second loadstone of nearly the same power was put into 
a dark place of the same temperature as that of tlie solar 
rays, but acquired no additional strength. 

Zanite- Among the most active labourers in this department of 
deschi. science we must rank M. Zantedeschi of Padua.® He had 
early obtained results similar to those of Morichini, and he 
had remarked that suspended wire needles, devoid of all 
magnetism, and having one of tbeir ends exposed to the 
white light of the sun under a glass receiver, turned that 
extremity to the north in the plane of the magnetic meri- 
dian- In repeating the experiment of Barlocci with artifi- 
cial magnets, M. Zantedeschi found that a horse-shoe mag-, 
net, carrying 1 3^ ounces, carried 3J oz- more after three 
days’ exposure to the sun, and by continued exposure, was 
able to carry 31 oz. 

Ri^ss and A great degree of doubt has been cast upon the conclu- 
Moser. siveness of all these researches by a series of well-managed 
experiments more recently made by MM. Riess and Moser, 
who found that no effect was produced upon magnetic 
needles by the action of the sun’s rays.® 

Sect VIL — Recent Discoveries respecting^ the 
Spectrum. 

New ana- The analysis of white or compound light by the prism 
lysis of the ^^s made and perfected by Sir Isaac Newton; but though 
spec rum. prism could not decompose them, he committed a mis- 
take in concluding that the colours of the spectrum were 
simple and homogeneous ; “ that to the same degree of re- 
frangibility ever belonged the same colour, and to the same 
colour ever belonged the same degree of refrangibility.” 
Now, though it is quite true that the green and orange 
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colours of the spectrum cannot be decomposed by the prism Prismatic 
into more simple ones, the one into blue 2 Cc\diyelloiVi and the Spectrum, 
other into yellow and red^ yet they can be decomposed by 
other means. This opinion respecting the compound nature 
of the colours of the spectrum, and the inability of the prism 
to analyze them, was first maintained by Sir David Brew- 
ster,^ who, with the view of placing it beyond a doubt, un- 
dertook a series of experiments, in which he examined the 
effects produced on the solar spectrum by viewing it through 
a great number of coloured media, and reflecting it from 
coloured surfaces. By these experiments he not only 
established the accuracy of his first opinion, that the green 
and orange colours of the spectrum were compound, the 
one consisting of blue and yellow^ and the other of red and 
yellow, but was led to tlie more general result, that tlie whole 
spectrum was compound, consisting of three equal and super- 
posed speutra of red, yellow, and blue light.® The following 
are the general results which he obtained : — 

1. White light consists of simple colom?,, red, yel- 
low, and blue, by the mixture of which all other colours are 
formed. 

“2. The solar spectrum, whether formed by prisms of 
transparent bodies, or by gratings or grooves in metallic 
and transparent surfaces, consists of three spectra of equal 
length, beginning and terminating at the same points, viz., 
a red spectrum, a yellow spectrum, and a blue spectrum. 

‘‘ 3. All the colours in the solar spectrum are compound 
colours, each of them consisting of red, yellow, and blue 
light in different proportions. 

“4. A certain quantity of white light, incapable of being 
decomposed by the prism, in consequence of all its compo- 
nent rays having the same refrangibility, exists at every 
point of the spectrum, and may at some points be exhibited 
in an insulated state. 

“ This remarkable structure of the spectrum will be better 
understood from figs. 92, 93, 94, representing the three 
separate spectra, which are shown in their combined state 
in fig. 95. 



Rig. 92. 



Yellow. 


98, 



In all these figures, the point M corresponds with the 
red, or least refrangible extremity of the spectrum, and N 
with the violet or most refrangible extremity ; and the ordi- 


^ Zeiucrift, tom. i., p. 263. 

® Edinburgh Journal of Science, No, 4, p. 225, 
* Edin. Trane,, vol. x., -p. 123. 


2 Edinburgh Journal of Science, No. 6, N.S., 1830, p. 76. 
* Edin. Trans,, vol. ix,, p, 48. 
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Prismatic nates ax, bx, cx, of the different curves, MRN, MYN, 
Spectrum. MEN, represent the intensity of the red, yellow, and blue 
ray at any point x of the spectrum. 

“ If the distance Mx in all these spectra be equal, then, 
in the combination of thena shown in fig. 95, tlie ordinates 


"S’ 



ax, bx, cx will indicate the nature and intensity of the 
colour at any point x of the red spectrum. Thus, let 

“ The ordinate for red light ax = 30, 
yellow bx = 16, ‘ 

bluo cx =: 2, 

ora: + Sa; + ca: = 48 rays, 

then the point x will be illuminated with 48 rays of light, 
— viz., 30 of red, 16 of yellow, and 2 of blue light. 

‘‘ Now, as there must be certain quantities of red and 
yellow light which will form white, when combined with 
two blue rays, let us assume these, and suppose that wdiite 
light, whose intensity is 10, will be formed by 3 red, 5 
yellow, and 2 blue rays ; hence it follows that the point x 
is illuminated by 


** Red rays 27 

Yellow rays 11 

White light 10 


48 rays. 

Or, what is the same thing, the light at x will be orange, 
rendered brighter by a mixture of white light. The two 
bine rays, therefore, which enter into the composition of the 
light at X, will not communicate any blue tinge to the pre- 
vailing colour. 

“ If the point x is taken nearer M, and if at that point 
the blue rays are more numerous in proportion to the yellow 
than 2 to 5, — that is, if they are as 3 to 5, — then there will 
be one blue ray more than what is necessary to make white 
light with the two yellow and the three red rays, and this 
blue ray will give a blue tinge to that part of the spectrum, 
or will modify the peculiar colour of pure red light. In 
like manner, the blue extremity of the spectrum may have 
its peculiar colour modified by an excess of red rays, so as 
to convert it into violet light.” 

Sir Isaac Newton and Fraunhofer, and many persons 
besides, have, from long observation of the solar spec- 
trum, concluded that there is a homogeneous unmixed yel- 
low, and a homogeneous unmixed orange space in the 
spectrum. Newton makes the yellow space 40, and the 
orange 27, or 67 in all ; while Fraunhofer makes the yellow 
space 27, and the orange space 27, or 54 parts of a spec- 
trum whose length is 360 parts. Now, Dr Wollaston de- 
clares that abeam of daylight is refracted by the prism into 
Jive colours red, yello^oish- green, blue, oxidiviolet , — ^and 

he defines their limits with his usual accuracy. Dr Young, 
who repeated the same experiments with that exactness 
which was peculiar to him, declares that the spectrum formed 
in Dr Wollaston’s manner, consists o^four colours only, — 
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red, green, blue, and violet, — “ the colours differing scarcely at Prismatic 
all in quality within their respective limits.” Now both these Spectrum, 
accurate observers have rejected the yellow and orange 
spaces almost entirely, with the exception of the narrow 
line of yellow light formerly mentioned, thus running coun- 
ter to all the observations of Newton and Fraunhofer. The 
cause of such a difference is this : — The light analyzed by 
Wollaston was the blue light of the shy, which had been 
deprived, by absorption, of many of its rays having the same 
refrangibility as those which fell upon the prism. Dr 
Young’s green space was Sir Isaac Newton’s yellow space, 
deprived of most of its yellow rays, and the red space ad- 
joining the green was Newton’s orange space, deprived by 
the absorption of the atmosphere of almost all its yellow 
rays; and the sharp yellow line noticed by Dr Young, and 
regarded by Dr Wollaston as a mixture of red and green 
light, as if these spaces had overlapped a little, is part of 
the orange space of Fraunhofer and Neuton, deprived of 
its red rays. This yellow band can be produced artificially 
upon all kinds of white light, and by the absorption of va- 
rious media. Hence it is obvious, that by comparing the 
light reflected and modified by the blue shy with the direct 
light of the sun, we may obtain irrefragable proof of the 
compound nature of the yellow and orange spaces. That 
red light exists at the most refrangible extremity, is obvious 
from its violet colour; and that blue light exists at the red 
extremity, may be proved by the following observation of 
Sir W. Herschel.^ He had occasion to view the prismatic 
spectrum when reflected from clear turned brass, and he 
observes, ‘‘ The colour of the brass makes the red rays ap- 
pear like orange, and the orange colour is likewise different 
from u)hat it ought to Here, then, yellow light was 

seen at the very red end of this spectrum, and it was seen 
in consequence of blue light having been absorbed by the 
brass, because blue light, mixed with the orange observed 
by Sir W. Herschel, would alone recompose the original 
red. Here, then, tliere is a proof that blue light, and yel- 
low light, and red light, all exist in the same place, at the 
least refrangible end of the spectrum. Effects similar to 
these may be produced by various coloured media, such as 
chemical solutions, or the coloured juices of plants ; and by 
such means Sir David Brewster has succeeded in insulating 
white light in the spectrum, incapable of being decomposed 
by the prism* 

The existence of fixed lines in the spectrum, as dis- 
covered by Fraunhofer, was a fact unexampled in science. 

Various coloured bodies were known to absorb particular 
parts of the spectrum, and their peculiar colour was the 
necessary consequence of this absorption. Some of them, 
such as smalt-blue glass, produced at a certain thickness 
several dark bands in the spectrum, but these bands shaded 
off by imperceptible degrees, and had no definite boundary.® 

In examining the action of all the coloured solid and Action of 
fluid bodies which he could command, Sir David Brewster citrous 
was led to observe the action of nitrous acid gas on the 
spectrum.® With a fine prism of rock-salt, having 
largest possible refracting angle, he formed a spectrum with 
the light of a lamp transmitted through a small thickness of 
the gas, whose colour was a very pale straw-yellow, and he 
was surprised to observe the spectrum crossed with hun- 
dreds of lines or bands, much more distinctly pronounced 
than those of the solar spectrum. In the violet and blue 
spaces the lines were sharpest and darkest; they were 
fainter in the green, and almost imperceptible in the yellow 
and red spaces. By an increase in the thickness of the gas, 


^ FMl. Trans. 1800, vol. xc., p- 255. 

2 A remarkable example of a definite action on a part of the spectrum was discovered by Sir B. Brewster in the triple oxalate 
■of chromium and potash. It absorbs a very definite band on the least refrangible side of B, a part of the spectrum over M'hich it exer- 
cises no general absorptive action. This band lies in the space Ba of Fraunhofer’s map, so that if x is its place, B® will be Ba, or its 
index of refraction in the water spectrum is almost exactly 1*33070. (See PAt7. Trans* 1835, p. 93.) 

PAt7. Trans. 1837, part ii., p. 245 ; ^din. Ti-ans., vol. xii. 
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Periodical the lines were better developed in the yellow and red spaces, 
Colours. became broader in the blue and violet, a general absorp- 
tion or extinction of the light advancing irom the violet 
extremity, while a specific absorption was going on on each 
side of the lines or bands. 

The power of heat alone,*" says our author, ‘ to render 
a gas which is almost colourless as red as blood, without de- 
composing it, is in itselfa most singular result, and my sur- 
prise was greatly increased when I afterwards succeeded in 
rendering the same pale nitric acid gas so absolutely black 
by heat, that not a ray of the brightest summer's sun was 
capable of penetrating it. In making this experiment the 
tubes frequently exploded, but by using a mask of mica and 
thick gloves, and placing the tubes in cylinders of tinned 
iron, with narrow slits to admit the light, there is little 
danger of any serious accident.’* 

As the points of maximum absorption in coloured bodies 
were distinctly coincident with some of the principal lines 
in tlie solar spectrum, our author suspected that the same 
might be true with regard to the nitrous gas lines, and he 
therefore formed the solar and the gaseous spectrum with 
light passing through the same aperture, so that the lines 
in the one stood opposite to those in the other, and their 
coincidence became a matter of simple observation. He 
then superimposed the two spectra, when both were formed 
by solar light, and thus exhibited at once the two series of 
lines and bands, with all their coincidences and deviations. 
Action of In his examination of the spectrum, our author was led to 
the atmo- the discovery of a system of lines and bands, particularly in 
sphere on the red and green spaces, which at other times wholly dis- 
thespec- appeared; but by a diligent comparison of these observa- 
trum. tions, he found that these lines and hands depended on the 
proximity of the sun to the horizon^ and were produced by 
the absorptive action of the earihUs atmosphere, “ The 
atmosphere,** he remarks, “acts very powerfully round the 
line D, and in the space immediately on the least refrangible 
side of it. It develops a beautiful line in the middle of 
the double line D, and by enlarging a group of small lines 
on the red side of D, it creates a band almost as dark as 
the triple line D itself. It widens generally all the lines, 
but especially the darkest one, which I call m, between C 
and D. It develops a band on the least refrangible side 
of and it acts especially upon several lines, and develops 
a separate band on the most refrangible side of C. The 
lines A, B, and C are greatly widened, and lines and bands 
are particularly developed between A and B, and generally 
throughout all the red space, 

“ The absorptive action of the atmosphere shows itself in 
a less precise manner in the production of dark bands whose 
limits are not distinctly defined. A very remarkable narrow 
one, corresponding to one produced by the nitrous acid gas, 
is situated on the most refrangible side of C. Another 
very broad one lies on the most refrangible side of D, close 
to a sharp and broad band of yellow light, displayed by the 
general absorption of the corresponding part of the super- 
imposed blue spectrum. There is also an imperfectly de- 
fined atmospheric action, corresponding to a group of lines 
where Dr Wollaston placed his line C.” 


Part V.— ON PERIODICAL COLOURS. 

Periodical The phenomena of periodical or recurrent colours, as 
colours. Dr Young has very appropriately called them, are among 
the most interesting in optics, and have been treated of by 
him with great ability under the head Chromatics, though 
not in a sufficiently popular and descriptive manner. We 
shall therefore endeavour to give as perspicuous an account 
as we can of this interesting portion of physical optics. 


Periodical 

Colours. 


Interfep- 
ence of 


ICS. 

Sect L — On the Inteeperence op Light. 

The discovery of the interference of light in its simplest 
form is due to Grimaldi, as we have already seen. He 

admitted the sun’s light into a dark room, through two 

small and equal apertures of a circular form. Two cones lightr 
of diverging light were thus formed, and by receiving them 
on a screen held beyond the place where the cones inter- 
sected each other, two overlapping luminous circles were 
seen on the screen. A partially illuminated penumbra 
surrounded each of these cones, and at the place where the 
rays from each aperture met, the screen was, generally 
speaking, more strongly illuminated by the union of the 
two lights ; but the boundaries of the penumbral portions 
which overlap arc much darker than the corresponding 
portions of the penumbra which do not overlap, as if the 
one light had at this part put out the other. Upon inter- 
cepting the light from one of the apertures, this dark part 
became brighter, and upon restoring the light it again 
became darker. The result, therefore, was here unam- 
biguous, and justified the observation of Grimaldi, “that an 
illuminated surface may be rendered darker by the addition 
of light.” 

Dr Hooke made a similar experiment, and observed the 
darkness produced at the overlapping part of the two cones ; 
but this result, remarkable as it was, seems to have excited 
no interest during nearly a century and a half, till Dr 
Young, who was unacquainted with the experiment ofBrYcmng’s 
Grimaldi, obtained the same result in a different manner, ®xp®ri- 
and thus laid the foundation of the most interesting depart- 
ment of physical optics. The following is the experiment 
which he gave as “Aw Experimental Demonstration of the 
Interference ofLight^^ “ I made a small hole in a window- 
shutter, and covered it with a piece of thick paper, which 
I perforated with a fine needle. For greater convenience 
of observation, I placed a small looking-glass without the 
window- shutter, in such a position as to reflect the sun’s light 
in a direction nearly horizontal upon the opposite wall, and 
to cause the cone of diverging light to pass over a table on 
which were several little screens of card-paper. I brought 
into a sunbeam a slip of card about of an inch in 
breadth, and observed its shadow either on the wall or on 
other cards held at different distances. Beside the fringe 
of colour on each side of the shadow, the shadow itself was 
divided by similar parallel fringes of smaller dimensions, 
differing in number according to the distance at which the 
shadow was observed, but leaving the middle of the shadow 
always white. Now these fringes were the joint effects of 
the portions of light passing on each side of the slip of card, 
and inflected or rather diffracted into the shadow. For a 
little screen being placed either before the card or a few 
inches behind it, so as either to throw the edge of its sha- 
dow on the margin of the card, or to receive on its own 
margin the extremity of the shadow of the card, all the 
fringes which had before been observed in the shadow on 
the wall immediately disappeared, although the light in- 
flected on the other side was allowed to retain its course, 
and although this light must have undergone any modifica- 
tion that the proxi- 
mity of the other » 
edge of the slip of 
card might have been ^ 
capable of occasion- j 
ing.” i 

Although this ex- ac] 
periment is a very 
decisive one, yet M. 



Eig. 96. 


^ Fresnel E 
experi- 
ments. 


Fresnel made one still more instructive and general, and 
free from any of the objections that might have been urged 


1 PAi7. Trans, 1804 ; or Mmmts of Nat, Pkil, vol. il, p. 639. 
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Periodical against that of Dr Young. He took two plane mirrors 
C^uours. MN (fig. 96), which were inclined at a very great angle, a 
little less than 108°, and having allowed a beam of light Ra, 
R6, proceeding from a luminous point R, such as the focus 
of a small lens, he received the reflected rays on a piece of 
paper PQ. If the light was homogeneous, there was seen 
upon the paper a succession of bright and dark bands alter- 
nating. These bands are parallel to the line of intersec- 
tion of the two mirrors, and they are placed symmetrically 
on both sides of a plane passing through the line of inter- 
section of the mirrors, and through a point A bisecting the 
distance of the points D, E, the virtual points of divergence 
of the two reflectedJIpencils aG, bG. That these paralle. 
bands are produced by the mutual interference of the two 
beams is at once proved by intercepting one of them, or by 
covering one of the mirrors, when the whole series disap- 
pears, It is found also, by measuring the distances of the 
same bands from the line of intersection of the mirrors, and 
when the paper PQ is placed at different distances from the 
mirrors, that their different points lie in hyperbolas whose 
foci are D, E, and common centre A. 

A still more simple and elegant method of exhibiting the 
phenomena of interference has been given by Dr Lloyd 
of Dublin, which any 
repeat 


Dr Lloyd’s 
experi- 
ment. 


person may 
with a single piece of, 
plate-glass. Having " 
placed horizontally a 
piece of black glass 
QP (fig. 97), with his 



Fig. 97. 


eye behind it at QM, he viewed by very oblique reflection, 
when the angle of incidence was nearly 90°, a horizontal 
narrow aperture placed at A, a distance of 3 feet from the 
reflector QP. The proper degree of obliquity was easily 
found by bringing the reflected image of the aperture A to 
coincide very nearly with the direct image, in which case 
the direction of the reflected plane BPQ bisected the dis- 
tance AA'. When the ray AM, which fell directly upon 
the eye at M, interfered with the reflected ray CM, which 
reached it by a longer path, they produced a system of 
fringes or bands, whicli were distinctly visible when received 
upon an eye-piece placed at a short distance from the re- 
flector. This system of bands was exactly similar to one- 
half of the system seen in Fresnefs experiment. With 
compound white light the first band was a bright one and 
colourless. This was followed by a very sharply defined 
black band ; then came a coloured one ; and so on alter- 
nately, seven alternations being easily counted, and the 
breadth of the bands being, as near as the eye could judge, 
the same throughout the series, and increasing with the 
obliquity of the reflected beam. 

When homogeneous light is used, the bands are alter- 
nately bright and dark, and varying in magnitude with the 
refrangibility of the light, as will be afterwards more flilly 
explained. If the light of the sun is used, the bands may 
be distinctly seen upon a white screen placed at MQ. That 
they are produced by interference may be easily proved 
either by stopping the direct ray AM, or the reflected one 
CM, when the whole system of bands disappears. 

ISTewWs The leading phenomena of interference may be likewise 
exhibited by transmitting the light emanating from a lumi- 
nous point through the two faces of a prism the inclination 
of which is about 180°. The pencil or ray passing through 
one of the faces will be slightly inclined to the ray passing 
through the other at a small angle, and will interfere with 
it at their point of concourse, and produce the usual 
fringes. This form of the experiment is described by Sir 
Isaac Newton, who considered the fringes as produced by 
inflection. 


experi- 

ment. 


In all the preceding experiments, two pencils of light, 
issuing from the same point or luminous origin, are made 
again to meet, the one having arrived at the point of con- 
course by a different and a longer path. Now it is obvious 
from the experiments, that, when the two portions of light 
thus intervening reach the spot where they interfere by 
paths exactly equal, they form a bright fringe having the 
intensity of its light greater than that of either portion. It 
is also evident that other bright fringes are produced when 
their paths differ in length ; and if we suppose d to be the 
difference of paths by wliich the second bright fringe is 
produced, similar bright fringes will be produced when the 
differences in the lengths of the paths are 2d,, 3d, 4d,Sd, 

6d, &c. But it is manifest from the preceding experiments 
that if the two portions of light interfere at intermediate 
points, or when the difference in the length of their paths 
is idj d+id; 2d+id; Sd+^d; 4c? + Jc?, &c., the two in- 
terfering portions destroy each other and produce blackness, 
as appears from the dark fringes lying between the bright 
ones. Here, then, we have a remarkable property of light 
established by direct experiment, and well fitted to guide us 
in our inquiries into the physical cause of the various phe- 
nomena of light. We shall find the same property showing 
itself under, various aspects in a succession of interesting 
phenomena, which we shall now proceed to describe. 

Sect, II, — On the Colouhs of Thin Plates. 

The colours of thin plates were first observed by Mr Boyle, Colours of 
who remarks that all chemical essential oils, as also good 
spirits of wine, by shaking till they rise in bubbles, appear 
of various colours, which immediately vanish when the 
bubbles burst, so that a colourless liquor may be immediately 
made to exhibit a variety of colours, and lose them in a 
moment, without any change in its essential principles. 

Mr Boyle also noticed these colours in soap-bubbles and in Boyle, 
turpentine, and he succeeded in blowing glass sufficiently 
thin to exhibit them. In 1666 Lord Brereton observed 
similar colours produced by the thin plates which are formed 
on the surface of glass by the action of the weather. In 
the year 1672 Dr Hooke exhibited to the Royal Society a Hooke, 
soap-bubble with all its colours, in fulfilment of a promise 
which he had made at a previous meeting, ‘‘ to exhibit some- 
thing which had neither refraction nor reflection, and yet 

was diaphanous By means of a glass pipe he blew several 

small bubbles out of a mixture of soap and water, when it 
was observable that at first they appeared white and clear, 
but that after some time, the film growing thinner, there 
appeared upon it all the colours of the rainbow, first a pale 
yellow, then orange, red, purple, blue, green, with the same 
series of colours repeated.” Dr Hooke made considerable 
progress in the investigation of this class of phenomena, 
and made experiments with thin plates of Muscovy glass 
(mica). He found that a faint yellow plate of this substance 
laid upon a blue one constituted a very dark purple ; and 
Sir Isaac Newton,^ in a private letter to Dr Hooke, acknow- 
ledges that Hooke had observed previous to him “ the dila- 
tation of the coloured rings by the obliquation of the eye, 
and the apparition of a black spot at the contact of two 
convex lenses, and at the top of a water-bubble.” 

Sir Isaac Newton, whose investigations we shall presently ^^’ewtom' 
give in his own words, made great progress in discovering 
the law of the phenomena ; and it is a curious fact, not to 
be overlooked by physical inquirers, that his theory of the 
phenomena ; elaborated with the utmost care, and gener- 
alizing an extensive series of facts, is now exploded, while 
the theoretical views of Dr Hooke are almost universally 
admitted. 

Mr Melville of Edinburgh proposed to make a perma- 


Periodical 

Colours. 


^ Dated Cambridge, Feb. 5, 1675-6, (Brewster's Memoirs, dsc., of Newton^ vol. i.) 
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Periodical nent soap-bubble by freezing, but we believe the experi- 
Oolours. ixi 0 nt has never yet succeeded. Dr Joseph ^^Reade has 
however been more fortunate in making what may be 
Dr Reade’s called a permanent soap-bubble for illustrating the colours 
permanent thin plates, which we saw him exhibit at the meeting of 
the Physical Section of the British Association at Liver- 
UubWe. Thefollowingis his own account of themethod 

of making it: — “Having put two ounces of distilled water 
into an eight-ounce phial, and having added about the size 
of a large pea of Castile soap, I placed the bottle in a sauce- 
pan of boiling water on the fire ; the bottle was speedily 
filled with a dense volume of vapour, which expelled all the 
air. I now corked it, and after cooling and thus condens- 
ing the vapour, had perhaps as perfect a vacuum as could 
be formed, even by the best air-pump. I now held the 
bottle laterally between my hands, and by means of a cir- 
cular and brisk motion formed a circular film, on which, by 
resting the bottle on an inclined plane, were formed after 
a short time all the parallel bands or series of colours in 
the following order : — 1. A white or silvery segment at top ; 
2. a snuff-coloured browm, inclined at bottom to a deep 
red ; 3. blue ; 4. yellow ; o. red ; 6. blue ; 7. green ; 8. 
red 5 9. green; 10. red; 11 green (as at A, fig. 98). 


White. 

Brown. 

Blue. 

Yellow. 


Red. 

Blue. 

Green. 


Red. 

Green. 

Red. 

Green. 



Fig. 98. 
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** Aflter some time a black segment was seen to form at 
the top of the white, and continually to increase in size 
(fig. 98, B). After a few minutes the parallel bands in- 
creased in breadth, and running into one another, only 
three or four distinct bands were seen. Nothing can ex- 
ceed the beauty of these colours, equal to those of the rain- 
bow or the plumage of the tropics : whilst writing this de- 
scription, I have these bands in a bottle before me, feasting 
my eyes on their beauty. In a few minutes more this 
black segment or aqueous film occupies, perhaps, half the 
circular film, and the lower half becomes white tinged witli 
orange (fig. 98, C). 

“ If we now incline the bottle towards the experimenter’s 
breast, tlie saponaceous atoms producing these colours are 
seen to float in the region of the black or aqueous ; when 
placed again on the inclined plane, they fall to the bottom 
of the film. In some time more the entire film becomes 
black, and all the colours disappear. 

“ Having now placed the bottle in a basin of boiling 
water, the evaporation was increased, and the black film 
soon became clothed with saponaceous atoms, which being 
variously condensed, produced all the colours of the clouds 
when the sun is setting on a summer’s evening. On again 
placing the bottle on the inclined plane, the parallel bands 
were again formed by the attraction of cohesion, and the 
colours afterwards gave place to the black film. I held 
the bottle laterally between my hands, and by means of a 
circular motion washed it, and thus clothed it with sapona- 
ceous atoms, which went through the same process on 
placing the bottle on the inclined plane. By means of 
washing the film every morning, I preserved it for more 
than three weeks.” 

The colours of thin plates are often exhibited in nature 
in the most beautiful manner. On the surface of little 
pools of mossy water, and especially in the proximity of 


springs containing iron, we observe thin bright films ge- Periodical 
nerally whitish, and often yellow and reddish. Between Colours, 
the plates of a mass of mica, or sulphate of lime, or talc, 
we observe thousands of open spaces where the rings are 
sometimes circular, consisting only of the first tint above 
blackness, — viz., the white of the first order, sometimes two, 
three, or more colours, according to their size, while at other 
times the rings of fringes are extremely numerous and often 
irregular. These colours are all produced by thin plates 
of air or of vacuity in these fissile minerals, and the colours 
may be all changed by admitting water or fluids of diiferent 
refi-active powers. Jn some specimens of Labrador felspar 
Sir David Brewster has found crystallized cavities so thin, 
or with so little depth, as to give the most splendid colours 
of thin plates, and to afford one of the finest subjects of 
popular display in the microscope.^ The colours produced 
by heat on highly-polished steel are all the colours of a 
thin plate of oxide; and they are often beautifully dis- 
played on the sides and on the bars of grates. 

When glass is exposed to the action of the weather, its Colours of 
surface acquires a thin film, which at first can only be ren- 
dered visible by examining the faint light reflected from ^ 

when it is in contact with a fluid of nearly the same refrac- 
tive power. It forms most rapidly on the panes of glass in 
stable windows, but it is seen in the highest perfection in 
the specimens of decomposed glass found among the re- 
mains of Roman buildings. The glass is to a certain depth 
entirely decomposed into thin films of extreme beauty, re- 
flecting the most brilliant colours to the eye, and tian^mit* 
ting tints of the most exquisite brilliancy, and far surpassing 
any of the colours produced by art,^ Coloured films of the 
richest tints are also seen upon both the faces of cleavage 
of a sort of artificial mother-of-pearl, which has bef'n called 
nacrite, and described by Mr Horner in the P/r?/. 7ra7is. 

These films are all thin plates of extreme tenuity. 

When we breathe upon glass at a proper temperature, Of vapour- 
and examine W'ith a magnifier the margin of the film 
while evaporating, or when we observe the evaporation of 
different volatile fluids, we shall perceive many interesting 
examples of the colour of thin plates. 

One of the finest exhibitions of this kind with which 
w^e are acquainted is that which is produced by the ammo- 
nio-sulphate of copper, and which was observetl by l^ii’coppL° 
David Brewster. A solution of the ammonio-sulphate of 
copper in water is spread upon a clear plate of glass or 
any other surface. In the course of an hour or tw o a 
similarly coloured film is formed upon its surface, exhibit- 
ing the colours of thin plates from the white of the first 
order upwards. When the solution is strong, or the stratum 
of fluid deep, the thickness of the film increases, and the 
colours rise to higher orders of a beautiful green and pink 
colour. When the colours are such as we would wiali to 
preserve, an aperture must be made in tlie film, and by in-, 
dining the plate the fluid must be allowed to run out 
slowly, leaving the film on the surface of the glass. This 
film will become hard and permanent after the aqueous 
part of it has been evaporated. The fringes of colour take 
the shape of the mass of fluid, or of the piece of glass 
whose sui-face is covered with it. 

One of the most extraordinary examples of the colours Black ^ 
of thin plates, or rather of the blackness that immediately 
precedes these colours, and one which almost requires the 
evidence of ocular demonstration to credit, is the existence 
of filaments, or of a down of quartz so exceedingly minute 
as to be incapable of reflecting light. The very remarkable 
specimen of quartz in which this was discovered by Sir 
David Brewster belongs to the cabinet of the Duchess of 
Gordon. The original crystal was 2;^ inches in diameter. 


^ Udin, Ukans., vol. xi., p. 322. 


2 Phil, Trans, 1837, part ii. 


® Ibid. 1836, p. 49, and 1837, part ii. 
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Periodical and of a light smoky colour, but impervious to light except 
Colours, in small pieces. Mr Sanderson, lapidary in Edinburgh, had' 
broken up the crystal for the purposes of his profession, but 
the apparent foulness of the fracture induced him to lay it 
aside. The following is an account given by Sir David 
Brewster, of the principal fracture : — 

“At first sight, the absolute blackness of the separated 
surfaces seemed to me, as it did to every one, to be owing 
to a thin film of opaque and minutely divided matter that 
had insinuated itself into a fissure of the crystal ; but this 
opinion was immediately overturned when I observed 
that both surfaces were equally and uniformly black, and 
that they were also perfectly transparent by transmitted 
light. 

“ Although I had now no doubt that the phenomenon was 
entirely of an optical nature, and that the blackness of the 
surfaces arose from their being composed of short and slen- 
der filaments of quartz, whose diameter was so exceedingly 
small that they were incapable of reflecting a single ray of 
the strongest light, yet it became desirable to establish this 
curious fact by experimental evidence. 

“ Having found that no detergent substances either re- 
moved or diminished the superficial blackness, I subjected 
the fragment to the action of cold and hot acids ; but the 
surface continued unaltered by these operations. I now 
immersed the fragment in oil of anise seed, which approaches 
to quartz in its refractive power, and upon examining the 
light reflected at the separating surfaces of the oil and the 
quartz, I found that the blackness disappeared, and that the 
fragment, whether seen by reflected or transmitted light, 
comported itself like ahy other piece of quartz of the same 
translucency. Upon removing the oil from the surfaces, it 
resumed its original blackness, and the filamentous or vel- 
vety nature of the surface was rendered evident to the eye 
by the slight change of tint which was produced by press- 
ing, the filaments to one side." 

Colours of The colours of thin plates may also be exhibited by press- 
tbin plates jjjg together two glass prisms that have moderate refracting 
len^r*^ angles. Various coloured fringes or portions of coloured 
rings will be seen by viewing the light reflected from the 
Surfaces in contact, and, in a much fainter degree, by exa- 
mining the transmitted light. The same phenomena may 
be seen with unusual brilliancy by taking a thick piece of 
glass, and having made a scratch on one side of it with a 
file, apply a heated wire to the scratch, so as to produce a 
crack in the glass, which may be extended at pleasure by a 
second and third application of the hot wire. If we now 
examine the surface of this crack in different directions, we 
shall see it covered with coloured fringes, which may be 
,^made to vary in breadth and position, by opening or closing 
the crack with the force of the hand. 

When we wish to examine and measure the coloured 
rings with care, the method used first by Hooke, and sub- 
sequently by Newton, should be adopted. Two convex 
lefises of very long focal length are placed the one above 
the other, so as to touch at their vertex ; or a plano-convex 
lens may have its plane side AB laid upon the convex side 
CD (fig. 101) of another lens. Sir Isaac Newton used for 
the uppermost lens a plano-convex one, w^hose focal length 
was fourteen feet, and for the lowermost a double convex 
lens, whose focal length was fifty feet. These lenses must 
then be held together, and pressed, if necessary, by three 
clamp screws, as shown in fig, 99. 

The following is the general account 
of the phenomenon given by Sir 
Isaac Newton, though somewhat 
abridged : — 

“ Next to the pellucid central spot 
made by the contact of the glasses, 

'succeeded blue, white, yellow, and 
red. The blue was so little in quantity, that I could not 
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Fig. 99. 


distinguish any violqt in it, but the yellow and red were as Periodical 
copious as the white, though four or five times more than Colours, 
the blue. The next order of colours round those in the 
second was violet, blue, green, yellow, and red, all of them 
copious and vivid except the green. The third order was 
purple, blue, green, yellow, and red, the green being more 
vivid than in the last order. The fourth order was only 
green and red; the green being copious and lively, being 
bluish on one side, and yellowish on the other : the red 
was very imperfect. The succeeding rings or orders of co- 
lours were very faint ; and after three or four orders, they 
ended in perfect whiteness. The form of the whole sys- 
tem of rings, when the lenses were most compressed, so 
as to produce the black spot in the centre, as shown in 
fig. 100, where a, b, c, d, e; f, g, h, i, k; I, m, n, o, p; 



Fig. 100. 


g, r; s, t; v-, x; y, z, indicate the different colours begin- 
ning at the centre, viz. — 1. black, blue, white; yellow, red; 
2. violet, blue, green, yellow, red; 3. purple, blue, green, 
yellow, red; 4. green, red; 5. greenish blue, red; 6. green- 
ish blue, pale red; 7. greenish blue, reddish white. 

In order to find the interval between the glasses, or the 
thickness of the plate of included air (or space) at which 
each colour was produced, Sir Isaac measured the diameter 
of the first six rings at their brightest part, and found their 
squares to be in the arithmetical progression of the odd 
numbers J, 3, 5, 7, 9, See., and the internals , between the 
glasses are obviously in the same progression, one of the 
surfaces being plane, and the other spherical. He then 
measured the diameter of the rings at their darkest points, 
and found their squares to be in the arithmetical progres- 
sion of the even numbers 2, 4, 6, 8, 10, &c. 

In order to find the absolute thickness of the plate of air 
or space at which these different rings were produced, he 
measured the diameter of the fifth ring at its darkest point 
as produced by the different object-glasses. 


Diameter of Sphericity 
of the object-glass. 

182 inches 
1 84 inches 


Diameter of fifth 
dark ring. 
100 

1774784 

5 

88850 


And dividing these diameters by 5, we obtain the diame- 

ter of the first ring ^ and but as these 

measurements were taken at an angle of incidence of 4®, 
the results must be diminished in the ratio of the secant of 

4®, or 10029, so that we have and the mean 

of which, nearly expresses, in parts of an inch, the 

oyouL/ 

thichness of the air at the darkest part of the first dark 
ring at a perpendicular incidence. 

By multiplying this interval by the series of odd and even 
numbers, 1, 3, 5, 7, Sec., and 2, 4, 6, and 8, &c., we obtain 
the following measures of all the rings : — 

4 G 
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Thickness of the air 
at the brightest part. 

FtM* ring, 


Second Ring, 
Thxbd Ring, 
FodexhRing, 


Thickness of the air 
at the darkest part. 

2 1 

_ . _ - . - OP fci ■ 1 — 

178000 89000 

4 2 

, or — 

178000 89000 

6 3 

or — — - 

178000 89000 

8 4 

- . or ■ ' ■ ■■ '■ 

178000 89000 


After measuring the diameters of the rings at different an- 
gles of incidence, Sir Isaac obtained the following results: — 


Angle of Incidence 
on the Air. 

Angle of Refraction 
into the Air. 

Diameter of 
the Bmg. 

Thickness of 
the Air. 

Depr. 

0 

min. 

0 

Degr. 

0 

10 

10 

6 

26 

10 

10^ 


12 

45 

20 

10^ 

lOf 

18 

49 

30 

lOf 

14 

24 

30 

40 

11? 

13 

29 

37 

60 

12J 

16^ 

33 

58 

60 

14 

20 

35 

47 

65 

16i 

23i 

37 

19 

70 

16# 

28i 

38 

33 

76 

19# 

37 

39 

27 

80 

22# 

621 . 

40 

0 

85 

29 

84T\r 

40 

11 

90 

36 

122^ 


From these measures, Newton inferred that the diameter Periodical 
of the rings increased with the obliquity of incidence, and Colours, 
he inferred that the thickness of the plate of air at which 
the same colour was produced was proportional to the slue 
of an angle whose sine had to the sine of the angle of 

incidence the constant ratio of m being the index 


of refraction. MM. Provostaye and Desains have, how- 
ever, found that the thickness is simply proportional to the 
secant of the angle of incidence, as indicated by the un- 
dulatory theory.^ 

Sir Isaac next proceeds to describe the rings formed by Rings by 
the light transmitted through the two glasses. In this tfans®itted 
system of transmitted rings, the order of the colours was 
yellowish red; blacky violety hlu€y whitCy yellow, red; violet, 
blue, green, yellow, red. The colours in these rings are 
very faint at a perpendicular incidence, but become brighter 
as the incidence increases. 

In fig. 101, Sir Isaac has represented the different colours 
reflected and transmitted, AB and CD being the surfaces 
of the glasses which touch at E, and the lines uniting them 
representing their distances in arithmetical progression. 

The words above the straight line AB are the colours of 
the reflected rings, and those below the circular arch CD 
those of the transmitted rings. 

When water was introduced between the lenses, the 
colours became fainter, and the rings less, and Sir Isaac 



found that the intervals were inversely as the indices of 
refraction in water and air. 

The rings were always larger in the homogeneous red 
light of the spectrum than in the violet light, in the ratio of 
14J to 9 ; and he concluded, from more detailed observa- 
tions, that the thicknesses of the air between the glasses 
when the rings were successively formed by the limits of 
the seven different colours, red, orange, yellow, green, blue, 
indigo, and violet, are to one another as the cube roots of 
the squares of the eight lengths of a cord which sound the 
notes in an eighth, sol, la, fa, sol, la, mi, fa, sol, that is, in 
the cube roots of the squares of the numbers 1, f, f, 
h or 1, 0'924, 0*885, 0*825, 0*763, 0*711, 0*681, 

0*630 ; that is, if 1 be the interior diameter of any such red 
ring formed by the extreme red rays, the cube root of | 
will be the interior diameter of a ring at the boundary of 
the red and orange, and so on.^ 

The colours of thin plates of fluid or solid bodies are not 
so easily studied as those of air, from the difiSculty of pro- 
curing, and working with, such evanescent films. Sir Isaac 
Newton, however, studied them in soap-bubbles, which, as 
soon as they were blown, he covered with a clear glass. In 
this way he observed the colours to emerge like so many 
concentric rings surrounding the summit of the bubble- As 
the bubble became thinner, by the subsidence and evapo- 
ration of the water, the rings dilated slowly, till they covered 
the whole bubble, descending in order to tlie bottom of it, 


where they vanished successively. After all the colours 
had emerged at the top, there grew in the centre of the 
rings a small round black spot, which continually dilated 
itself till it became sometimes more than a half or three 
quarters of an inch in breadth before the bubble broke. 
Some light was still reflected from the water at this spot, 
and Sir Isaac saw within it several smaller round spots much 
blacker than the rest, but still capable, like the larger one, 
of reflecting faintly an image of the sun. 

By observing how much the colours at the same places of ^ 
the bubble, or at divers places of equal thicknesses, w'ere 
varied by the several obliquities of the rings, Sir Isaac ob- 
tained the following thicknesses ^of the water requisite to 
exhibit one and the same colour at several obliquities : — 


Incidence on the 

Eefractiozi into the 

Thickness of the 

water. 

water. 

water. 

0® 


10 

15 


10^ 

30 

22 1 


45 


H# 

60 

40 30 

13 

75 

46 25 

14^ 

90 


IS# 


These results harmonize entirely with the rule already given 
for thin plates of air. 

When the system of rings seen by reflection was examined 
by a prism, and perhaps only eight rings visible, Sir Isaac 
counted sometimes more than ibrty on the side of the sys- 


^ Comptet Renduf, 1850, tom. xxx., p, 498. 

2 It has been noticed by M. Le Blanc, that if the two extreme terms of the preceding numbers, or any other two equidistant from tho 
extremes, be muluphed together, their product will always be equal to 
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tem to which the refraction was made, though he reckoned 
by estimation more than a hundred. Soap-bubbles also, 
before they exhibited any colours to the naked eye, have 
appeared through a prism girded about with many parallel 
and horizontal rings, to produce which effect it was neces- 
sary to hold the prism parallel, or very nearly parallel, to 
the horizon, and to dispose it so that the rings might be 
refracted upwards. 

By mixing a little sugar with the solution of soap, we 
may blow bubbles of a very large size, which exhibit the 
coloured zones in the most perfect manner. If we place 
one of these bubbles, when blown, near a fire, so as to eva- 
porate the water, the bubble upon bursting becomes solid, 
and falls down in coloured fragments, which are thin films 
of sugar and soap. 

An excellent method of showing the colours of thin 
plates of a solid body, is with a simple apparatus to which 
Dr Joseph Reade has given the name of Iriscope. This 
instrument consists of a plate of highly polished black glass, 
having its surface smeared with a solution of fine soap, and 
subsequently dried by rubbing it clean with a piece of 
chamois leather. If we now breathe upon the glass surface 
through a glass tube, the vapour will be deposited on the 
glass, and produce brilliantly-coloured concentric rings, the 
outermost of which is black, while the interior ones have 
various colours, or no colour at all, according as a greater 
or a less quantity of vapour has been deposited. The 
colours in these rings, when seen by common light, corre- 
spond with Newton’s reflected rings, about to be described, 
or those which have black centres; the only difference 
being, that in the plate of soapy vapour, which is the thickest 
in the middle, the rings in the iriscope have black circum- 
ferences.^ Very beautiful phenomena of this kind may be 
observed by laying thin films of fluids upon the surfaces of 
fluid or solid bodies, or by stretching similar films of va- 
rious oils, such as oil of laurel^ oil of cassia, oil of turperir 
tine, &c., across circular apertures, such as rings made of 
wires. The coloured tints and other phenomena exhibited 
by these attenuated films are very remarkable. With oils of 
cinnamon, naphtha, spearmint, wormwood, rape-seed, pop- 
pies, nutmegs, bergamot, savin e, rosemary, &c., the pheno- 
mena are peculiarly beautiful.^ 

The colours of thin plates of solid bodies are finely dis- 
played in the films of oxide formed upon plates of lead, and 
in the films of certain oxides or salts deposited on the sur- 
face of metals by the voltaic pile. The method of deposit- 
ing such films on plates of steel plunged in acid solutions, 
and of producing the beautiful chromatic designs which he 
executed, was discovered by Professor Nobili of Reggio. 

The colours of thin solid films are displayed with singu- 
lar beauty in the scales of decomposed glass that have been 
found among the ruins of Assyrian, Greek, and Roman 
buildings. The silex and alkali which form glass have been 
placed by fusion in a state of unnatural constraint, and the 
particles of each have a tendency to recombine. The action 
of moisture, or of air charged with ammonia or other bodies, 
assists the particles which compose the glass in separating 
from each other. The glass becomes opaque on its two 
surfaces, and the opacity gradually advances inward till the 
whole of the glass is decomposed. In this state it breaks 
with the slightest force, like the thinnest slice of an apple. 
In other cases the decomposition begins at a variety of 
centres, where, from some cause or other, the particles have 
been less firmly coherent; and it goes on in concentric 
spheres, separating the glass into thin films of a spherical 
form, and of surpassing beauty in point of colour. The 
decompositions round two or more centres often unite, and 
go on in rings surrounding the centres in question. In stable 
windows, or in glass that has been long in salt water, the 


decomposition into coloured scales takes place most quickly- Periodical 
In the specimens of decomposed glass from Rome and from Colours. 
Nineveh, which the writer of this article received from the 
late Marquis of Northampton and Mr Layard, centuries 
have been required to effect the decomposition.® 

Sir Isaac then proceeds to a very important part of the Composi- 
subject, — ^namely, to explain the composition of the colours 
of thin plates, a topic of great interest and extensive appli- 
cation : “ Let there be taken,” says he, “ on any right line P 
from the point Y (fig. 102), the lengths YA, YB, YC, YD, 
in the proportion of the numbers, 6300, 6814, 7114, 
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8255, 8855, 9243, 1000; and at the points A, B, C, D, E, F, 
G, &c., let perpendiculars Ao, B/6, Cy, &c., be erected, by 
whose intervals the extent of the several colours set under- 
neath against them is to be represented. Then divide the 
line Aa in such proportions as the Nos. 1, 2, 3, 5, 7, 9, &c., 
set at the points of division, denote, and through these 
divisions from Y draw lines II, 2 K, 3L, 5M, 6N. 

Now, if A2 be supposed to represent the thickness of 
any thin transparent body, of which the internal violet is 
most copiously reflected on the first ring, then HK will re- 
present its thickness at which the outermost red is most 
copiously reflected in the same series. Also A6 and HN 
will denote the thicknesses at which those extreme colours 
are most copiously reflected in the second series, and AlO 
and HQ the thicknesses at which they are most copiously 
reflected in the third series ; and so on. And the thickness 
at which any of the intermediate colours are reflected most 
copiously, will be defined by the distance of the line AH 
from the intermediate parts of the lines 2K, 6N, lOQ, &c., 
against which the names of those colours are written below. 

‘‘ But, farther, to define the latitude of these colours in 
each ring or series, let A1 be the least thickness and A3 
the greatest thickness, at which the extreme violet in the 
first series is reflected, and let HI and HL be the like 
limits for the extreme red, and let the intermediate colours 
be limited by the intermediate parts of the lines 1 1, 3L, 
against which tlie names of those colours are written ; and 
so on. But yet with this caution, that the reflections be 
supposed strongest at the intermediate spaces, 2K, 6N, 


^ See TMl, Trans, 1841, p. 43. 


2 Ibid. 1841, p. 53 and note. 


® Brewster’s Treatise on Optics^ p. 119. 
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Periodical lOQ, &c., and from thence to decrease gradually towards 
Colours, these limits, ll, 3L, 5M, 70, &c., on either side ; where 
you must not conceive them to be precisely limited, but to 
decay indefinitely. And whereas I have assigned the same 
latitude to every series ; I did it, because although the 
colours in the first series seem to be a little broader than 
the rest, by reason of a stronger reflection there, yet that 
inequality is hardly sensible. 

“ Now, according to this description, conceiving that the 
rays, originally of several colours, are by turns reflected at 
the spaces II, L3, 5M, 07, 9P, Rll, &c., and transmitted 
at the spaces AHIl, 3LM5, 70P9, &c., it is easy to 
know what colour must, in the open air be exhibited at any 
thickness of a transparent thin body. For, if a ruler be 
applied parallel to AH, at that distance from it by which 
the thickness of the body is represented, the alternate 
spaces 1IL3, 5M07, &c., which it crosseth, will denote the 
reflected original colours, of which the colour exhibited in 
the open air is compounded. Thus, if the constitution of 
the green in the third series of colours be desired, apply 
the ruler as you see at tt p or and by its passing through 
some of the blue at tt, and yellow at <t, as well as through 
the green at p, you may conclude that the green exhi- 
bited at that thickness of the body is principally constituted 
of original green, but not without a mixture of some blue 
and yellow. 

** By this means you may know how the colours from the 
centre of the outward rings ought to succeed in order as 
they were described. For, if you move the ruler gradually 
from AH through all distances, having passed over the 
first space which denotes little or no reflection to be made 
by the thinnest substances, it will first arrive at 1 the vio- 
let, and then very quickly at the blue and green, which, to- 
gether with that violet, compound blue, and then at the 
yellow and red, by whose farther addition that blue is con- 
verted into whiteness, which whiteness continues during 
the transit of the edge of the ruler from I to 3, and after 
that, by the successive deficiency of its component colours, 
turns first to compound yellow, and then to red, and last of 
all the red ceaseth at L. Then begin the colours of the 
second series, wliich succeed in order during the transit 
of the edge of the ruler from 5 to O, and are more lively 
than before, because more expanded and severed. And 
for the same reason, instead of the former white there in- 
tercedes between the blue and yellow a mixture of orange, 
yellow, green, blue, and indigo, all which together ought 
to exhibit a dilute and imperfect green. So the colours of 
the third series all succeed in order ; first, the violet, which 
a little interferes with the red of the second order, and is 
thereby inclined to a reddish purple ; then the blue and 
green, which are less mixed with other colours, and conse- 
quently more lively than before, especially the green; Then 
follows the yellow, some of which towards the green is dis- 
tinct and good, but that part of it towards the succeeding 
red, as also that red, is mixed with the violet and blue of 
the fourth series, whereby various degrees of red, very much 
inclining to purple, are compounded. The violet and blue, 
which should succeed this red, being mixed with, and hid- 
den in it, there succeeds a green. And this at first is much 
inclined to blue, but soon becomes a good green, the only 
unmixed and lively colour in this fourth series. For as it 
verges towards the yellow, it begins to interfere with the 
colours of the fifth series, by whose mixture the succeed- 
ing yellow and red are very much diluted and made dirty, 
especially the yellow, which, being the weaker colour, is 
scarce able to show itself. After this the several series in- 
terfere more and more, and their colours become more and 
more intermixed, till, after three or four more revolutions 
(in which the red and blue predominate by turns) all sorts 
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of colours are in all places pretty equally blended, and Periodical 
compound an even whiteness. Colours/ 

“ And since the rays endued with one colour are transmit- v'W 
ted, where those of another colour are reflected, the reason 
of the colours made by the transmitted light is from hence 
evident. 

If not only the order and species of these colours, but 
also the precise thickness of the plate, or thin body at 
which they are exhibited, be desired in parts of an inch, 
that may be also obtained by the assistance of the pre- 
ceding observations. For, according to these observa- 
tions, the thicknesses of the thinned air, which between 
two glasses exhibited the most luminous parts of the first 
six rings, were 

1 3 5 7 9 U ^ 

178000’ rnoob' 178000’ 178000’ 178000’ 178000 

Suppose the light reflected most copiously at these thick- 
nesses be the bright citrine yellow, or confine of yellow and 
orange, and these thicknesses will be F\, F/x, Ff, Fo, Fr. 

And this being known, it is easy to determine what thick- 
ness of air is represented by Gft or by any other distance 
of the ruler from AH. 

‘‘ On these grounds I have composed the following table, 
wherein the thickness of air, water, and glass, at which each 
colour is most intense and specific, is expressed in millionth 
parts of an inch. 

The Thickness of Coloured Plates and Particles of Air, 

Water, and Glass, 


Reflected Tints. 


Their colours 
of the first 
order 


/ Very black 

Black 

Beginning of 

black 

Blue 

White 

Yellow 

Orange 

VRed 


Of the second 
order....... 


Violet 

Indigo 

Blue 

Green 

Yellow 

Orange 

Bright red. 

\ Scarlet 


Of the third 
order 


^Purple 

Indigo 

Blue 

Green 

Yellow .... 

Red 

V Bluish red , 


/Bluish green 

Of the fourth j Green 

order j Yellowish greenl 

iRed 


Of the fifth f Greenish blue...j 
order I lied 


Of the sixth f Greenish blue... 
order \ Red 


Of the seventh ( Greenish blue... 
order. ...... | Ruddy white .... 


Transmitted 

Tints, 


White.. 

Yellowish redi 

Black 

Violet 

Blue 

White 

Yellow 

Red 

Violet 

Blue 

Green...,....., 

Yellow 

Red 

Bluish green 


Red. 


Red 

Bluish green 


Air. 

Water. 

Glass. 

i 


M 

1 

i 

i? 

2 

4 

4 

2! 

4 

m 

5i 

3J 

32 

n 

4 

H 

8 

6 


9 

62 

4 

14 


n 

12J 

H 

8A 

14 

lOJ 

9 

14 

14 


16f 

12i 

10 1 

17| 

13 

14 

14 

132 

14 

19f 

14J 

123 

21 

ISJ 

13JJ 


16f 

14i 

23 f 

17iJ 

13* 

2-H 

18* 

14 

27| 

m 

in 

29 

24 

18f 

32 

U 

20g 

24 

25^ 

22 

36^ 

26^ 

22f 

3G 

27 

23f 

40^ 

30i 

26 

46 

34^. 

29| 

52^ 

39^ 

1 34 

582 

44 

38 

65 


i 42 

. 

71 

53-2 

45f 

71 

57f 

I 49| 


In a paper on the colours of thin plates,^ M. Arago has 


Mm, dArcueiU 
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Periodical given an account of some important discoveries on this 
ColoTirs. subject. In viewing the reflected rings through a rhomb 
of Iceland spar, having its principal section parallel or per- 
M. Arago. pendicular to the plane of incidence, he observed that the 
intensity of light in one of the images varied with the angle 
of incidence, and that this image vanished at an incidence 
of 35°, the maximum polarizing angle for glass. He dis- 
covered the very same property in the transmitted rings. 
He found also that when the reflected and the transmitted 
systems of rings are superposed, they completely neutralize 
each other, forming white light ; and hence he concluded 
that their colours were complementary, and the intensities 
of their illumination equal. 

M. Arago next examined the system of rings when formed 
between a lens and a metallic reflector. When he observed 
them with the rhomb of spar, one of the images vanished as 
formerly at 35° of incidence, the ai^gle of maximum polari- 
zation of glass; but above and below that angle he ob- 
served the most singular phenomena. At incidences be- 
low 35° the two images formed by the doubly-refracting 
rhomb differed only in intensity, the colours and the diame- 
ters of the rings being exactly the same in both. Above 
the polarizing angle, however, the rings in the two images 
were of complementary tints, the orders of colours in the 
one beginning from a black centre, and in the other from a 
white centre. M. Arago also observed that the rings of 
the same order of colours in the two images had different 


afr Airy. Without knowing of these discoveries of M. Arago, Mr 
Airy,^ about twenty years afterwards, published similar 
I'esults respecting the modification of the rings above and 
Dr Lloyd, below the maximum polarizing angle ; and Dr Lloyd has 
ingeniously observed that an analogous result ‘‘may be 
obtained by combining, as in Fresnel’s experiment (fig. 
96), a metallic reflector with one of glass. The light being 
polarized perpendicularly to the plane of reflection, the 
central band will be white, when the angle of incidence is 
below the polarizing angle of the glass. At the polarizing 
angle the interference bars will vanish altogether ; and be- 
yond that incidence they will reappear with a dark centre 
in place of a white one. This method of observation would 
seem to be peculiarly adapted to the investigation of the 
change of phase produced by metallic reflection at various 
incidences.”^ 

A consideration of Fresnel’s expressions, which had led 
Mr Airy to make his experiments with a metallic surface, 
led him also to expect that when the rings were formed 
between two transparent surfaces of different refractive 
powers, and when the light was polarized perpendicularly 
to the plane of incidence, the rings should be black-centred 
at incidences below the maximum polarizing angle of the 
least refractive surface, or greater than that of the highest 
refractive surface, and should be white-centred when the 
jangle of incidence was between these angles. By forming 
the rings between plate-glass and diamond, Mr Airy found 


his anticipations correct. In the course of these experi- Periodical 
ments he observed that the rings did not disappear at Colours, 
the polarizing angle of diamond, but that the first black 
ring contracted as the incidence was gradually increased, 
and at last took the place of the central white spot. Hence 
he concluded that there is still some light reflected at the 
maximum polarizing angle of diamond, and that this body 
has no angle of complete polarization. (See History^ p. 550, 
col. 1.) 

This interesting subject was studied by Sir David Sir David 
Brewster in 1840, and the results communicated to the Brewster. 
Royal Society of London in 1841. Our limits will permit 
us only to give the following general expression of the facts 
which he observed : — 

“ When two polarized pencils, reflected from the surfaces 
of a thin plate lying on a reflecting surface of a different 
refractive power interpose, half an undulation is not lost, 
and white-centred rings are produced^ provided the mu- 
tual inclination of their planes of polarization is greater than 
90°. When this inclination is less than 90°, half an undu- 
lation is lost, and black-centred rings are produced^ When 
the inclination is exactly 90°, the pencils do not interfere, 
and no rings are produced.” ^ 

M. Jamin has very recently observed some interesting M. Jamia. 
phenomena of the colours of thin plates when the reflectecl 
rings are formed between two prisms, and illuminated with 
the light of the spectrum. When the angle of incidence 
increases, the rings enlarge, and undergo a singular’ change. 

Each dark ring has in contact with it, externally if it is 
violet, a very brilliant fringe, and internally if it is red. As 
the angle of incidence increases, there arises in the bright 
and very wide space which separates two dark rings, obscure 
lines, which are all bordered with a brilliant fringe, and have 
•the same appearance as the principal ring. Complementary 
phenomena are seen in the transmitted rays. These phe- 
nomena disappear only at the angle of total reflection ; but 
when tile angle of incidence is very near the angle of total 
reflection, there is an instant when the reflected and 
transmitted rings are so enlarged that they go out of the r 

field of vision, and there are now seen a consiaerable num- . . 
her of new bright and dark fringes, produced at thicknesses 
of the thin plate of air too small for producing the ordinary 
rings. M. Jamin remarks that the theory does not afford 
any certain explanation of these fringes.^ 

Sect, IIL — On the Diffraction or Inflection of Light. 

M. Grimaldi, to whom we owe the discovery of the inter- Diffraction 
ference of light, likewise made some important experiments of light, 
on what is called the diffraction or inflection of light. 

Having admitted a ray of solar light into a dark room, 
through a small hole AB (fig. 103), he placed in the conical 
beam ABCD an opaque body EF. The shadow of this Fringes 
body was not bounded by the straight lines AEH, BFG, without the 
nor by the penumbra IL formed by the lines BEL, API, ®badow. 


1 Cambridge Transactions, 1832. The following note upon this paper we confess ourselves unable to understand I have carefully 
verified,” says Mr Airy, “ this assertion (that it is indifferent whether the light is polarized before or after reflection), because I think 
that it leads to important theoretical conclusions. If polarization were a modification of light (as Dr Brewster and others have sup- 
posed), it might be conceived that polarization before incidence might destroy its power of producing rings at a certain angle, or might 
change the tints ; but when the reflection is performed, and the rings are actually visible to the eye with a dark centre, it seems quite 
inconceivable that any modification or physical change in the light should make that centre appear white. ^ The satisfactory explanation 
is, that polarization is a resolution of the vibrations into two sets at right angles to each other, performed in such a manner that the two 
sets can in general be separately exhibited, and that in this instance only one is transmitted to the eye.” The authors criticized in the 
preceding extract,— viz., Malus, Young, Biot, Herschel, and we believe MM. Arago and Fresnel, all considered polarization as a modifi- 
cation of common light, and if a modification, certainly a physical change without any reference to theory. In every point of view, in- 
deed, the term is philosophical and unexceptionable. If polarization is a resolution,^ as Mr Airy affirms, of vibrations in an infinite num- 
her of planes, into two sets at right angles to each other, which we do not question, this is certainly a pretty considerable modification, and 
a very remarkable physical change. As we have nothing to do with theories in describing phenomena, we must continue to use the 
terms which have been regarded as appropriate by our contemporaries. 

‘ 2 « Report on Optics,” British Association Meports, Rep. 4, 1836, p. 366. 

® ** On the phenomena of thin plates of solid and fluid substances exposed to polarized light,” Bhih Trans, 1841, p. 43. 

* See Comptes Rendus, &c., 1852, tom. xxxv., p. 14. 
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but was enlarged to MN, and was much gi'eater than it 
should have been if formed by rays passing in straight lines 



past the edges of the body. Without the shadow of the 
body there were three fringes of coloured light, the broadest 
and most luminous of which, next to the shadow X (fig« 
104), was MNO. There was no colour in the middle at 


iroai^T V 


^ OQBT Y 


rig. 10*. 



rig. 105. 


Fringes 
within the 
shadow. 


M 5 but it was blue at the side NN, and red at the other 
side 00, The second fringe PQR was narrower than 
MNO. It was colourless in the middle at P, faintly blue 
at QQ, and faintly red at RR. The third fringe STV re- 
sembled the other two, but was the narrowest and the 
faintest in its colours. They were bent round the edges of 
the body, as shown in fig. 105. 

Grimaldi likewise discovered fringes within the shadow, 
which were best seen when the body was long, the light 
great, and the distance from the aperture considerable. 
These internal fringes in- 



Pig, 106. 




Fig. 108. 


creased witli the breadth 
of the body, and they 
became narrower when 
they increased in number. 

They were bent round 
the angles of the body, 
as shown in fig. 106, where 
ADBC is the shadow, 
and a, 5, c, d the inter- 
nal fringes. Short lucid 
streaks were seen pro- 
ceeding, as it were, from 
the angle D, and return- 
ing to it, as shown in the 
figure. 

What Dr Young lias called the crested fringes of Gri- 
maldi are shown in fig. 107. These fringes are formed by 
any body that has a rectangular 
termination. At the line which 
bisects the right angle there is a 
white central fringe, bounded by 
hyperbolic curves, whose asymp- 
totes are the diagonal line ; and 
on each side of this are two or 
three other bands, disposed in hy- 
perbolic curves, which are convex 
to the diagonal, and converging in 
some degree as they recede from 
the angular point. 

When the diffracting body tapers Eke the point' of a very 


fine needle, Sir D. Brewster observed some interesting phe- Periodical 
nomena, which will be under- _ to' Colours, 

stood from fig. 108, which very 
imperfectly represents the in- 
ternal and external fringes as 
produced by a needle-point like 
MN. The external fringes 
are represented by mriy m!n\ 
and are convex outwards, or 
parallel to the sides of the point 
MN. The internal fringes, 
as seen by Grimaldi and Dr Young, are shown by the deep 
black lines between A and B. These internal fringes, 
however, were observed to extend far beyond the shadow 
in fine hyperbolic curves, as shown between o and and 
6 and p. These internal fringes intersect the external ones, 
and give them the appearance of screws or twisted cords. 

In homogeneous light, where the fringes are alternately 
dark and coloured, the dark fringes are dark at their inter- 
sections, and the coloured ones coloured. When the 
needle-point is illuminated by the spectrum, and the fringes 
viewed by a lens, which is necessary to see them, we re- 
quire to approach the lens to the fringes w'w' on the violet 
side of the spectrum, and to withdraw it on the red side, 
in order to see them distinctly. When this experiment 
is made with great care, twenty external fringes may be 
counted on each side of the shadow, which may always be 
seen most distinctly by looking through the margin of the 
lens. When the diffracting body is an exceedingly small 
one with parallel sides, the intei*nal fringes extend far be- 
yond the shadow, mingling with the external ones, and 
completely altering their colours and forms. 

The internal fringes beyond the shadow, like those in it, 
disappear by intercepting the light with a screen on the op- 
posite side of the diffracting body. 

In repeating the experiments of Grimaldi, Sir Isaac Sir Isaac 
Newton admitted the sun’s light through a small holeR^^^on, 
in a piece of lead the forty-second part of an inch in 
diameter ; he found the breadth of the shadow of a human 
hair, which was the 280th of an inch in diameter, to be as 
follows : — 


Pig. X07. 


Distance of Distance of tho Breadth 

the hair from paper receiving the of the 

the aperture. shadow from the hair. shadow. 

12 feet 4 inches 0’0X666 inches. 

12 „ 24 „ 0*03572 „ 

12 „ 128 „ 0*125 

Upon comparing the breadths of the fringes without the 
shadow, and their intervals at different distances, he found 
them to be nearly in the same proportion, the breadths of 

the fringes being as the numbers 1, aJ 4 \/ 4, &:c., and 

o 0 

their intervals to be in the same progression. Hence the 
fringes and their intervals together were as the numbers 1, 

When the hair was surrounded with water, the very same 
phenomena were seen, and metals, stones, glass, wood, horn, 
ice, &c., produced the very same fringes. The following 
was the order of the colours, reckoning from the shadow ; — 

First fringe^ violet, indigo, pale blue, green, yellow, red ; 
second fringe^ blue, yellow, red; third fringe^ pale blue, 
pale yellow, red. 

When homogeneous light was used. Sir Isaac found that Fringes in 
the fringes were largest in red light, lea^t in violet light, homogene- 
and of an intermediate size in green light. In one case the * 
distance between the middle of the first fringe on each side 

of the shadow was of an inch in red light, and ~ in vio- 
let light. 
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Periodical From experiments made by Sir Isaac Newton on the 
Colours, light which passed by the edge of a knife, and on that which 
passed between two knife-edges parallel to each other, he 
Knife concluded that the light of the first fringe passed by the 
edges. edge of the knife at a distance greater than the 100th part 
of an inch ; the light of the second at a greater distance 
than that of the first ; and the light of the third fringe at a 
greater distance than that of the second. 

Sir Isaac then stuck into a board the points of two knives 
with straight edges, so that their edges formed an angle of 
1° 47' 26", and firom the observations which he made on 
the light which passed between them, he concluded that the 
light which forms the fringes is not the same light at all dis- 
tances of the paper from the knives^ obviously considering 
each fringe as produced like caustic curves, by the inter- 
section of the inflected rays. When the fringes formed by 
these inclined knife-edges were received on paper held at a 
great distance, the fringes formed by the one knife-edge 
were bent into the shadow of the other knife, and formed 
cubical hyperbolas, whose asymptotes were for one set the 
knife-edge which produced the fringes, and a line perpen- 
dicular to the line bisecting the angle formed by the knives. 
Dr Thomas Although many attempts were made during the last cen- 
Toung. tm*y to complete the unfinished labours of Newton on this 
subject, yet no decided discovery vras made till the time of 
Dr Thomas Young. This distinguished natural philoso- 
pher, in endeavouring to explain the origin of the fringes 
which surrounded the shadow of the margin of a small cir- 
cular aperture, conceived that the light nearest its centre 
was least inflected, and that nearest its edges most ; and 
that another portion of light reflected from the margin of 
the aperture, and coinciding either exactly or nearly with 
the direct light, after a circuitous path, would interfere 
with that light, and produce colour. In November 1803 
he confirmed this supposition to a certain extent, in so far 
as the production of the colours by interference was con- 
cerned, by his discovery of the interference of light, as al- 
ready described. 

The fringes formed by inflection, as observed by Dr 
Young, are shown in fig. 109, where A BCD is the shadow 
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Tig. 109. 

of the inflecting body with its internal fringes, which he 
considered as produced by the light passing on each side of 
the inflecting body, and bent into the shadow, so as to in- 
terfere in the manner already described. This is clearly 
proved to be the case ; but he was less successful in ex- 
plaining the external fringes between AC and GH, and be- 
tween BD and EF. He ascribed them to the interference 
of rays reflected from the margin of the inflecting body, with 
rays which passed by it directly. 

Dr Young examined the crested fringes of Grimaldi in 
the same manner as he did the internal fringes ABCD. He 
found that, when a screen was placed within a few inches of 
the inflecting angle of the body, so as to receive only one of 
the edges of the shadow, all the crested fringes disappeared ; 
but if the rectangular point of the screen was opposed to the 
point of the shadow, so as barely to receive the angle of the 
shadow, or its extremity, the fringes were in no way affected. 

M. Fresnel. M. F resnel in France, and M. Fraunhofer at Munich, were 
simultaneously engaged in studying the inflection of light, 
and each of them published the results of their labours, with- 
out any knowledge apparently that the other had been 
similarly occupied. We shall begin by giving an account 
of Fresnefs experiments. 


In place of a small hole, M. Fresnel substituted a lens of Periodical 
short focal length, which collected the solar rays into its Colours, 
focus, from which they again diverged. When bodies were 
placed in this bright light they gave distinct fringes, which 
he was able to measure at various distances behind the in- 
flecting body, and at various distances of the inflecting 
body from the lens, simply by viewing the fringes with an 
eye-glass furnished with a micrometer. In this manner he 
measured their breadths within the one or two-hundredth 
part of a millimetre. He traced the external fringes up to 
their very origin, and by the aid of a lens of a short focus 
he saw the third fringe at the distance of less than the one- 
hundredth part of a millimetre from the edge of the inflect- 
ing body. He also found that the phenomena varied with 
the distance of the inflecting body from the luminous point, 
as in the following measures : — 


Distance of the 
inflecting body 
from the focus 
of the lens. 

4 inches.... 
19*48 feet..., 


Distance behind 
the body wbeie 
the inflection 
was meabured. 

....3-281 feet... 


Angnlar inflection 
ot the red rays 
of the 
first fringe, 
.... 12 ' 6 " 


,3*281 „ 3 65 


When the inflecting body was kept at a fixed distance 
from the lens, M. Fresnel measured the inflection of the same 
fringe at different distances behind the inflecting body, and 
the result was, that the successive positions of the same 
fringe did not lie in a straight line^ hut formed a curve, 
whose concavity is turned towards the inflecting body* 
The successive positions of the same fringe in all the orders 
of colours he found to be hyperbolas, having the radiant point 
and the edge of the inflecting body for their common foci. 

Contrary to the opinion of Dr Young, M. Fresnel found 
that the fringes were independent of the curvature of the 
margin of the inflecting body, and tliat when the margin 
was made extremely sharp, the small quantity of light which 
it could reflect would be incapable of producing, by its in- 
terference with the direct light, such bright fringes as are 
actually observed. To assure himself of this, he took two 
plates of steel, the edge of each of which was rounded in 
one-half of its length, and sharp in the remaining half; he 
placed the rounded portion of one edge opposite the sharp 
portion of the other, and vice versa. Hence, if the posi- 
tion of the fringes depended on the form of the surface, the 
effect would thus be doubled, and the fringes appear broken 
in the middle. They were, on the contrary, perfectly 
straight throughout their whole length.^ M. Fresnel was 
therefore obliged to suppose that rays that pass at a sensible 
distance deviate from their primitive direction, and interfere 
with those which pass directly by the edge of the body. 

In order to settle this question, M. Fresnel compared the 
results of Dr Young’s hypothesis with those of his own, and 
he found that the breadth of any fringe of homogeneous 
light should be on the two hypotheses as 2 to 1’8726, and 
having measured the diameter of such a fringe, he found his 
own hypothesis more correct than Dr Young’s. 

In order to exhibit to the eye the hyperbolic form of the 
fringes, we have given a representation of them in fig. 110, 
where LL' is a lens of short focus, by which the rays of 
the sun entering a dark chamber are refracted to a focus 
F, from which they again diverge, forming the cone ^mn; 
or the lens may be fixed in a large diaphragm DD^, 
which may stand on the table before the window at which 
the sun’s light enters. By means of a coloured glass 
VV’ placed on either side of the diaphragm, or on either 
side of F, the light may be rendered homogeneous. If we 
now place a screen of any kind EC at some distance from 
F, having its edge somewhat smaller, and free of dust, 
and receive its shadow GT' upon a sheet of paper, or any 
white ground TT', or on a glass plate roughened with 
emery, we shall obtain the section of the fringes formed by 


i MemoiTe tur la Diffraction p. 370 ; Prof. Lloyd’s Report, ut antea. 
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Periodical diffraction. The line FEG, which is the geometrical shadow, 
Colours, jg sliadow. On the side 

of it towards GT', the paper will not 
appear blacky but illuminated with 
a visible shade, which goes on de- 
creasing nearly uniformly for a con- 
siderable distance. On the other 
side of EG there are several fringes 
or alternations of light and darkness. 

The jfirst fringe B parallel to the 
shadow is bright^ then a band S 
almost entirely black, which is the 
black fringe of the first order, then 
a second bright fringe B', which 
is followed by the second black 
fringe S'. These alternations con- 
tinue to a great distance from G, 
so that even the sixteenth or seven- 
teenth order may be observed, the 
bright fringes becoming less colotired, and the black ones 
more luminous, till they are no longer visible. 

By varying the distance of the paper TT' from the screen 
EC, or of the screen from the focus F, the same fringes are 
produced with certain variations depending on their dis- 
tances, the fringes being propagated in hyperbolas, as shown 
in the figure. The fringes are largest in red light RR, 
smallest in violet light VV, and of an intermediate size in 
green light GG, as represented in fig. Ill, where they are 
shown as on each side of the shadow of a human hair HH. 
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Tirst order 

For Fed Light, 

Angles, Anglos, 

E'E=1000 PERIOD 

millimotrcs. millimotros. 

3' 36" IP 20".... 

Angles, 

millimetres. 
0°35' 61" 

Second order ... 

5 15 

.,..16 35 

....0 62 23 

Third order ... 

6 30 

20 32 

1 4 66 

Fourth order... 

7 32 

....23 50 

1 15 21 

Fifth order 

8 27 

,....26 44 

1 24 31 

Sixth order 

9 17 

29 20 .... 


Seventh order . 

10 3 .... 

31 45 .... 

. ...1 41 21 

First order 

For Violet Light. 

2' 68" 9' 22" 

0^29' 36" 

Second order .. 

4 20 

....13 42 

,...,0 43 18 

Third order 

5 21 

....16 55 

0 63 36 

Fourth order .. 

6 13 

....19 40 

1 2 16 

Fifth order 

6 59 

22 5 ..... 

1 9 48 

Sixth order ..... 

7 40.... 

24 15 .... 

1 16 38 

Seventh order . 

8 18.... 

26 14^... 

1 22 53 


Sir John 
Herschel, 


glass, behind which the eye is applied. The image of the Periodical 
hole will be seen through the lens as a brilliant spot, en- Colours, 
circled by rings of colours of great vividness, which con- 
tract and dilate, and undergo a singular and beautiful alter- 
nation of tints, as the distance of the hole from the luminous 
point on the one hand, or from the eye-glass on the other, is 
changed. When the latter distance is considerable, the 
central point is white, and the rings follow nearly the order 
of the colours of thin plates. Thus, when the diameter of 
the hole was about l-30th of an inch, its distance {a) from 
the luminous point about six feet six inches, and its distance 
{h) from the eye-lens twenty- four inches, the series of colours 
was observed to be, 

Order, White, pale yellow, yellow, orange, dull red. 

^^2d Order, Violet, blue (broad and pure), w'hitish, green- 
ish-yellow, fine yellow, orange-red, very full and brilliant. 

“ 3^? Order, Purple, indigo-blue, greenish-blue, pure bril- 
liant green, yellow-green, red. 

“ ith Order, Good green, but rather sombre and bluish, 
bluish-white, red. 

“ 6t1i Order, Dull green, faint bluish-white, faint red. 

^th Order, Very faint green, very faint red. 

Order, A trace of green and red. 

“ When the eye-lens and hole are brought nearer to- 
gether, the central white spot contracts into a point and 
vanishes, and the rings gradually close in upon it in succes- 
sion, so that the centre assumes in succession the most sur- 
prisingly vivid and intense hues. Meanwhile the rings 
surrounding it undergo great and abrupt changes in their 
tints- The following were the tints observed in an expe- 
riment made some years ago, the distance between the eye- 
glass and luminous point (a-fZ>) remaining constant, and 
the liole being gradually brought nearer to the former : — 


JFig. in. 

The following table shows the angular distances of the 
seven first fringes from the inflecting body EC (fig. 110), 
and the geometrical shadow : — 


When the diverging light passes through a small circular 
aperture, very beautiful phenomena are observed, which 
were studied about the same time by M. Fresnel and Sir 
Jehn Herschel,^ M. Fresnel had deduced the phenomena 
fre m theory, and subsequently confirmed his deductions by 
ex, jerimfent. The following is Sir John HerschelV account 
of die phenomena : — Suppose,” says he, we place a 
sheet of lead, having a small pin-hole pierced through it, in 
the diverging cone of rays from the image of the sun formed 
by a lens of short focus, and in tlie line joining the centres 
of the hole and focus prolonged, place a convex lens or eye- 



Colour of tl»o Central 
Spot, 

Surrounded by 

24-00 

White 

f Rings as in the foregoing do- 

18*00 

White 

\ scrip tion. 

('The two iirsfc rings confused, 

< the red of the 3d, and green 
{ of the 4th orders splendid. 
/Interior rings much diluted, 

J the 4th and 5th greens, and 

13-50 

Yellow. 

10-00 

9-25 

9-10 

8-75 

8-36 

Very intense orange... 

Deep orange-red 

Brilliant blood-red 

Deep crimson-red 

Deep purple 

1 3d, 4th, and 5th reds, the 

V purest colours, 
f All the rings are now much 
( diluted. 

The rings all very dilute. 

The rings all very dilute. 

The rings all very dilute. 

The rings all very dilute. 

A broad yellow ring. 

A pale yellow ring. 

A rich yellow, 

f A ring of orange, from which 
< it is separated by a narrow 

1 sombre space. 

[ Orange-red, then a broad space 
) of pale yellow, after which 
j the other rings are scarcely 

1 visible. 

A crimson-red ring. 

1 Purple, beyond which yellow, 

8*00 

7*75 

7*00 

Very sombre violet 

Intense indigo-blue.,... 
Pure deep blue 

6*63 

Sky-blue * 

6*00 

Bluish- white. 

6-85 

Very pale blue 

6*50 

Greenish- white 

5*00 

Y ellow 

\ verging to orange. 

Blue, orange. 

( Bright blue, orange-red, pale 

4-75 

Orange-yellow.. 

4*50 

Scarlet 

\ yellow, white. 

1 Pale yellow, violet, pale yel- 

4*00 

Red 

1 low, white. 

f White, indigo, dull orange, 

3*86 

Blue 

\ white. 

White, yellow, blue, dull red. 
f Orange, light blue, violet, dull 

3-50 

Dark blue 


\ orange. 


1 Sir John Herschel’s experiment was made bn the 12th July 1819, but was not published till 1825, ^ 5Veat. on Light, sect. 729, 730. 
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Periodical The series of tints exhibited by the central spot is 
Colours, evidently, so far as it goes, that of the reflected rings in the 
colours of thin plates; the surrounding colours are very 
capricious, and appear subject to no law.” 

We owe also to Sir John Herschel the following beauti- 
ful experinaent with two equal apertures placed near each 
other. The rings are formed about each as in the case of 
one aperture, but these are accompanied with a set of straight 
parallel fringes, bisecting the interval between their centres, 
and perpendicular to the line joining their centres. Two other 
sets of similar fringes appear in the form of a St Andrew’s 
cross, forming equal angles with the first set, as shown in fig. 
112. When, the apertures are unequal, as in fig. 113, these 


!! ill 




M. Poisson. 


M. Arago. 


Negative 

diffraction. 




fringes assume the form of hyperbolas, having the apertures in 
their common focus. By varying the number and shape of 
the apertures, the phenomena became exceedingly beautiful. 

M. Poisson deduced from theory that the centre of the 
shadow of a small circular opaque disc, exposed to light ema- 
nating from a single luminous point, would be precisely as 
much illuminated by the diffracted light as it would be by 
the direct light if the disc were removed. By using a 
small disc of metal, cemented to a clear and homogeneous 
plate of glass, M. Arago confirmed this very remarkable result. 

We owe to M. Arago a series of beautiful discoveries re- 
specting the influence of transparent screens in the pheno- 
mena of inflection. When a thick piece of glass is used 
as a screen on one side of the inflecting body, the rings 
wholly disappear, as if the screen were opaque. If the 
screen is very thin, like a film of sulphate of lime or mica, 
the fringes still remain visible, but shift their places, and 
are moved from the side where the screen is interposed. 

If we make this experiment on the fringes produced 
by two apertures, we have only to cover one of the aper- 
tures with the screen. The same effect, however, will be pro- 
duced if we cover both apertures with screens of different 
thicknesses. In this case the fringes will shift their places 
from the thicker plate, without suffering any other change. 

This beautiful property has been most ingeniously em- 
ployed by MM. Arago and Fresnel in measuring the re- 
fractive powers of different gases. For as the displacement 
of the coloured fringes depends on the refractive power as 
well as thickness of the plate, its refractive power may be 
computed from the displacement. In the same manner, if 
one of the interfering rays is made to pass through tubes 
filled with different gases, while the other does not, the dis- 
placement produced by the gas will give a measure of the 
refractive power of the gaseous medium. 

In all the preceding phenomena of diffraction the fringes 
or the foci of the interfering pencils are seen, in the an- 
terior focus of the lens by which they are viewed and mag- 
nified, as produced at different distances behind the diffract- 
ing body 6 or B (fig. 114). These classes of fringes may 


be ceUiledi positive, because they are formed in space, or upon Periodical 
a screen, by rays crossing in a focus, as it were, at different Colours, 
distances behind the diffracting body ; but I have examined ^ 

another class of fringes which may be called negative, be- 
cause they are not brought to a positive focus in space, or 
do not interfere till they reach the retina. In order to 
see these fringes, place the lens behind the diffracting body 
B, so as to see it distinctly, and without fringes. If we 
now advance the lens towards B, we shall see fringes formed 



Fig. 114. 

round B, and of the same size as if we had withdrawn it as 
much behind its first position. The fringe increases as we 
advance the lens, and when it touches B, the fringes are 
the same nearly as if it had been twice its focal length be- 
hind B. If we wish to see the fringes larger, we must use 
a lens with a longer focus; and when the lens touches the 
diffracting body, the fringes will be the same as if they were 
seen by the lens when placed at twice its focal length be- 
hind B. In all these cases the interfering rays which pro- 
duce the fringes are those which virtually radiate from the 
anterior focus of the lens, and which, being refracted into 
parallel directions, enter the eye, where they interfere on the 
retina. The negative fringes will also be seen if tlie 
lens is placed anywhere between the diffracting body and 
the focus F of diverging rays in fig. 114. 

In consequence of the rays which produce the fringes 
not crossing one another before they enter the eye, the nega- 
tive fringes are much more distinct than the positive ones, 
a fact already established by the superior distinctness of 
vision in the Galilean telescopes where the rays do not form 
a positive image before they enter the eye, and in the Casse- 
grainian telescope before they fall upon the eye-piece. 

The phenomena of diffraction are beautifully seen by 
using a transparent diffracting body, such as lines drawn 
upon glass by fluids either pure or holding gums or other 
transparent bodies in solution. The colours are so splendid 
that an instrument could thus be constructed for giving 
new rectilineal patterns of ribbons of all forms and colours.^ 

The following experiments of Joseph Fraunhofer, made Fraun- 
with instruments of extreme accuracy, furnish data of the hofer. 
highest importance in physical optics.^ 

The apparatus employed by Fraunhofer was a repeating 
theodolite whose vernier read off to 4''. In the centre of 
the circle, but above it, this instrument carries a flat circu- 
lar plate 6 inches in diameter, having its axis coincident 
with that of the theodolite, and graduated separately to 10'". 

In the middle of this disc is placed a metallic screen, in which 
the necessary apertures are made, and which is in the axis 
of the theodolite. The divisions of this disc serve to mea- 
sure, if necessary, the angle of incidence of the rays. A 
telescope, having an object-glass of twenty lines in aper- 
ture, and 16*9 inches in focal length, is placed Sj- inches 
from the centre of this disc. This telescope is placed firmly 
on the alidade of the divided circle, whose diameter is 1 2 
inches, and the whole is counterpoised. The axis of the 
telescope is exactly parallel to the horizon, as well as to 
the plane of this circle. The magnifying power which he 
employed was from thirty to fifty times. The instrument 


^ Brewster’s Optics, pp. 116, 117. 

2 Neue Modifikation des Lichtes durch gegenseitige Einwirhung und Beugung der Strahlen, und Gesetze derselhen, von Jos. Fraunhofer in, 
Munchen. Without a date. 
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Periodical did not communicate with the floor of the room, from which 
Colours, it was wholly insulated. The heliostate was placed in the 
prolongation of the optical axis, at a distance of 38 feet 7^ 
inches from the centre of the theodolite. In order to make 
the heliostate follow the sun in his hourly motion, the ob- 
server could move the screw of the mirror by means of a long 
rod of iron, which extends from the heliostate to the theo- 
dolite, and with this apparatus he could also vary at plea- 


I c s. 

sure the intensity of the solar light. The opening of the Periodical 
heliostate is vertical, being 2 inches high, and commonly Colours, 
from the oOth to the 100th of an inch. 

By means of an achromatic microscope, magnifying 110 
times, Fraunhofer measured the aperture in the metallic 
screen, which he did to the fifty-thousandth, and sometimes 
to the hundred-thousandth part of an inch, provided the 
body was very fine at its edge. 



Fraunhofer^s first observations were made with a single 
slit, which was placed before the object-glass of the tele- 
scope, which had been previously directed to the aperture 
in the heliostate, so tliat the aperture was bisected by the 
wire of the micrometer. He then saw the fringes shown in 
fig. llo. The middle fringe or band bisected by the 
micrometrical wire K, was white^ becoming yellow towards 
and where it was red. In the space L” there 
is a spectrum with very lively colours, — viz., indigo near 
tlien blue^ green^ yellow^ and red^ near L“. The .spectrum 
in is much less intense, — viz., blue near L”, and 

yellow, green^ and red near The spectrum in the space 
Lni Jjy is still fainter, being green on the side and 
red on the side A great number of spectra follow 

these, becoming fainter and fainter, and losing tliemselves 
in a band of light, which is spread over a great space. All 
these spectra on both sides of K are perfectly equal, and 
consequently symmetrical. Both the colours and the spec- 
tra shade into one another imperceptibly. The following 
table contains the average of tlie distances L^, L”, and 
from the central line, all of them being equal, the mea- 
sures being taken from the red extremity of each spectrum ; 
so that if we wish to have the angle of deviation of L” from 
K, we have only to multiply the value of L in the table 


by 2 ; and so on. 

Width of tliQ 

Broadth of each 

Product of the 

aporturo in pails 

speotrutn, or values 

aperture hy the 

of a Paris inch. 

ofIvLS KL”,&c. 

deviation L. 

0-11645 

0' 37"-66 


0'06098 

1 11-17 


0-03690 

1 66-6 


0-02346 

3 4-43 


0-01237 

6 48-7 


0-01210 

6 1-84 


0-01020 

6 S7-3 

0-0000206 

0-00671 

11 6-4 

0-0000217 

0*00642 

11 12-2 

0-0000209 

0-00337 


0-0000207 

0-00308 

23 32-7 

0-0000211 

0-00218 


0-0000213 

0-00216 

35 17 


0-00114 

1° 4 S3 



From these observations M, Fraunhofer deduces the 
following conclusions : — 

1. That the angles of deviation of the luminous rays 
which pass through a single aperture are in the inverse 
ratio <fthe width of that aperture, 

2. That when a ray is diffracted in passing through 
a narrow aperture^ the distance of similar rays from the 
middle in the several spectra fform in each case afi arithme- 
tical progression^ whose difference is equal to the first term, 

3. That if y is the aperture^ the arches L^, or the 
deviation of the inflected roys^ are in general for the radius 


. . r , , T 0-0000211 

of a circle equal to 1, 

3. Q’QOQOSii y 


,L”=2- 


0-0000211 
r ’ 


By observing whether the micrometer wire appeared or 
disappeared in the different spectra, Fraunhofer ascertained 
that the spectra nearest K are not composed of homo- 
geneous light, but that the light becomes more and nnore 
homogeneous at greater distances from the axis. 

Fraunhofer next proceeds to describe the phenomena 
observed when tlie two edges which form the narrow aper- 
ture are at different distaoices from the object-glass. When 
the effective width of the aperture thus formed is from the 
25th to the 50th of an inch, the spectra are the same as 
those before described ; but when the opening becomes 
less, the spectra on one side of the axis become wider 
horizontally than those on the other side. When the ap- 
parent aperture is extremely narrow, the spectra on one side 
are two or three times wider than those on the other. By 
continuing to close the distant edges, the longest spectra 
begin to disappear successively, so that the fifth spectrum, 
for example, fills almost suddenly the ^vliole field of the 
telescope till it ceases to be visible, then the fourth spec- 
trum presents the same phenomena, then the third ; and so 
on. During these changes the spectra on the other side 
remain unchanged ; but when all the former have vanished, 
they also disappear in their turn^ not successively^ but all 
at once^ -which happens when no light passes between the 
edges. The large spectra are always on the side of the 
screen which is nearest the object-glass. 

When the apertures, both in the hcliostatc and in front 
of the object-glass, are small circular ones, a system of 
rings is produced absolutely the same as those of thin 
plates, with this difference only, that the centre is white in 
place of black. The rings increase in size as the apertures 
diminish. By varying the apertures Fraunhofer obtained 
the following results ; — 

1. That the diameters of the coloured rmgs are in the in- 
verse ratio of the diameters of the apertures, 

2. That the distances of the extreme rings (of any given 
tefrangibility) from the centre fform an arithmetical pro- 
gression^ whose difference is smaller than the first term. 

3. That if y is the diameter of the aperture in Paris 
inches^ we shall have 



Q-0Q0Q214 

y 

0-0000257 

y 


&c. 


+ L ; and so on. 

y 


The most important and interesting of Fraunhofer’s re- Spectra 
searches are those which relate to the spectra produced by P**®*^^*^®*^ 
gratings, consisting of a number of parallel wires placed 
parallel also to the narrow linear aperture in the heliostate, ^o^ves. 
He formed these gratings of fine wires stretched across a ® 
rectangular frame ; the two shorter ends of the frame con- 
sisted of tw'o fine screws made with the same die, and 


y 
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Periodical having 260 threads in an inch. By placing a wire in each 
Colours, thread he insured their exact parallelism. The diameter of 
each wire was 0*002021 of a French inch, and the edge of 
each wire was distant from the adjacent edge 0*003862 of 
an inch. The aperture of the heliostate was 2 luciies long, 


and the 100th of an inch wide, and the frame of wires was Periodical 
placed before the object-glass, so that no, other light could Colours, 
be admitted but through them. Fraunhofer was astonished 
at the phenomena which he saw. He saw the colourless 
line of light A (iig, 116), in the aperture of the heliostate, 



Pig. 116. 


exactly as if no wires had been interposed, and at some 
distance from it on both a great number of coloured spec-- 

tra exactly similar to those produced by a good prism. They 
were larger in proportion to their distance from the central 
bright line, and they diminished in intensity in the 
same proportion, A part of these spectra are shown 
in fig. 116, where A is the aperture of the heliostate, 
absolutely without colours. On each side of A the spectra 
are perfectly symmetrical. When the apparatus is well 
made, the space AH^ is absolutely black. The first spec- 
trum occupies the space being the usual limit 

of the violet, and that of the red. Between H” and 
C“ there is a second spectrum twice as long as the first, 
the order of the colours being the same, but their intensity 
a little less. The third spectrum occupies the space be- 
tween C” and but a part of its violet rays are mixed 
with the red of the second spectrum, and also a part of the 
red rays of the third with the blue rays of fourth spec- 
trum. fourth spectrum is seen between and 
its blue extremity losing itself in the thirds and its red ex- 
tremity in ihe fifth spectrum. Many other spectra succeed 
these, and when the apparatus is good, thirteen may be 
easily reckoned on each side of A. 

But what is the most interesting fact, when the appa- 
ratus is good, and the adjustments correct, — the fixed dark 
lines in the prismatic spectrum are seen at D*, these 
lines being the same as those similarly marked in fig. 87. 
It is remarkable, however, that A is not seen, a fact which 
M, Fraunhofer neither notices nor explains. The lines, 
both great and small, are absolutely the same, both in this 
and the prismatic spectrum, though their distances are 
widely different. 

Diffracted jjj ^ grating in which y, the distance between the wires, 
is 0*000628, and 8, or the diameter of the wires, 0*001324, 

compared. following are the distances : — 


Diffracted Water 
Spectrum. Spectrum. 

Distance between the lines and 0^ ... 2' 2'''*6 1' Z"*Z 

„ „ „ Cl „ DI...4 23-2 2 41 

„ „ „ D* „ EX ... 4 6*2 3 16 

„ „ „ El „ Fi ... 2 39-9 2 4# 

.. „ „ F* Gi ... 3 37‘6 5 57 

„ „ Gx „ Hx ... 2 12-5 4 14 

Total length from Bx to Hx ...19 1*0 19 1'3 


The diffracted spectrum is therefore a very extraordinary 
one. The green space from E to F is almost exactly the 
same in both, but all the less refrangible spaces are greatly 
expanded in the difiracted spectrum, and the more refran- 
gible spaces greatly contracted, the red space CD in the 
diffracted spectrum being twice as great as in the water 
spectrum ; and the violet space in the water spectrum twice 
as small. 

M. Fraunhofer repeated the above experiments with ten 
different gratings, in which the breadth of the wires and 
the spaces between them were varied, and he deduces from 
them the following laws : — 

1. For two different gratings in which the parallel wires 


are of the same size and placed at equal distances, the 
magnitude of the spectra which arise from the reciprocal 
influence of a great number of rays difiracted by narrow 
apertures, and their distances from the axis, are in the in- 
verse ratio of the intervals y + 8 ; that is, the space from the 
middle of one of the openings to the middle cf the other, 

2, In all the perfect mean spectra, or those in which the 
fixed lines are seen, the distances between the coloured rays 
of the same nature in the diffei'ent spectra, or between the 
same fixed lines in them, form an arithmetical progression, 
whose distance is equal to the first term, 

3. In gratings in which the diameter 8 of the wires, and 
the distance y between them, is expressed in Paris inches, 
the first term of the progression for the fixed lines B, C, D, E, 
or those rays which have the corresponding degrees of re- 
frangihility, is represented by the following numbers : — 


0*00002o41 

y + S ^ y-hS ^ y + S ’ 

^ 0*00001943 0*00001789 , 0*00001 585 

y-p8 * y + 8 ’ y+S ’ 

„ 0*00001451 

H = ^ 

y=8 

If we represent the numerator of each of these expres- 
sions by a, the angle of deviation of one of the same 
coloured rays in the first spectrum by ff, in the second by 
ff', in the third by we have generally 

If V stands for the number of the spectrum, v being =0 
for the axis, = 1 for the first spectrum, 2 for the second 
spectrum, and if we put €=y + S, we shall have in general, 

eW=IfL, 


0-0000242O 


0-00002175 


The preceding results having been obtained with angles 
so small that the arcs and their sines and tangents are 
nearly in the same proportion, M. Fraunhofer began a new 
series of experiments, with the view of obtaining spectra in 
which the angles should be larger, and by which he might 
determine whether it was the arcs or their sines or tangents 
which had the proportions assigned by the experiments. 
This inquiry rendered it necessary to obtain much finer 
gratings than those he had used. He therefore coated a 
plate of glass with two or three folds of gold-leaf, in order 
to have the interstices filled up, and by a peculiar arrange- 
ment he traced upon the glass parallel lines in which c was 
=0*00114 of an inch. When the lines were drawn closer, 
no gold remained upon the glass. With this system the 
spectra were larger, and the fixed lines distinctly seen, but 
they did not answer his purpose. He therefore thought of 
spun glass, which answered as well as wires ; and having 
covered a plate of glass with a thin coat of fat, so thin that 
it could scarcely be seen, he traced parallel lines upon it, 
the intervals of which were only half the size of those on 
the gold-leaf. The spectra produced by this system of lines 
gave the fixed lines very distinctly, so that their distances 
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Periodical from the axis could be accurately measured ; but he could 
Colours. jjQij succeed in tracing, either upon a layer of fat or black 
varnish, lines closer than this. He at last succeeded in his 
object of tracing a finer system of lines by using a diamond, 
with which, by the aid of a machine, he traced lines so fine 
upon the surface of glass that they could not be seen by 
the most powerful compound microscope. In this way 
he obtained a set of several thousand lines, in which 
€=0*0001223 of an inch, and which were at distances so 
very ecjual that the fixed lines in the first and second 
spectrum were clearly seen.^ 

With the system when c=0‘0001223, and the number 
of lines 3601, the fixed line D is seen double in the first 


spectrum. 

When the light fell vertically on this grating, Fraunhofer 
obtained the following measures : — 


Names of fixed 
lines. 

Distance of fixed linos 
from the axis A. 

Fifj. 8, Plato 1. 

11° 25' 20" 

Di'^tance of linos in 
first spectrum. 

C* 

from 

c« 

23 19 4=2 

1® 10' 49" 

Dv 

10 U 31 




20 49 44 

1° 6' 31" 


9 9 0 




E“ 

18 32 84 

0® 32' 64" 

F' 

8 26 6 


F* 

17 3 34 

0° 58' 47" 

G, 

7 27 19 




15 3 9 

0° 34' 43" 

Hi 

6 52 36 



With this grating, the thirds fourth^ and following spectra 
were well seen, but the fixed lines could not be seen with 
sufficient distinctness for accurate measurement in those 
beyond the^r5^ and second. 

He therefore used another grating in which € = 0*005919 
of an inch ; and when the light fell upon it vertically, he 
obtained the following results for the first five spectra with 
the lines D, E, and F^, for the first four with E, for the first 
three with F and G, and for the first two with H. 


Names of 
fixed lines. 

Distance of 
fixed linos 
from axis. 

Names of 
fixed lines. 

Distance of 
fixed lines 
from axis. 

O' 

2° 20' 57" 

W 

9® 28' 3" 

D' 


F' 

1 44 19 



4 13 7 

pn 

3 28 45 

Din 

6 20 7 

pin 

5 13 23 




piv 

6 58 18 

D^ 


G' 

1 32 22 

E' 

1 63 7 

G“ 


E“ 


G'» 

4 37 30 



6 39 50 

H' 

1 27 0 



7 33 41 

H” 

2 60 11 


All the observations made with both the systems of lines are 
represented by the expression 

, ^(v) va 
sin^ = — . 


That is, with rays falling vertically, the sines of the angle 
of deviation of any fixed line or ray of definite refrangibility 
from the axis in the different spectra which succeed others, 
are as the numbers 1, 2, 3, 4, 5, 

The last of these systems of lines has the remarkable 
property of having all the spectra on one side of the axis 
twice as luminous as those on the other. Fraunhofer sup- 
posed that one of the sides of each line had been sharper 
than the other, and confirmed this opinion by tracing lines 
on a layer of fat, so that one line was less sharp than the 
other, and it produced the same inequality in the intensity 
of the light of the spectra on each side of the axis. 

If the ray does not fall vertically upon the system of 
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grooves or lines, but is inclined to it in a plane which in- Periodical 
tersects the parallel lines vertically, the same effect is pro- Colours, 
duced as if the distance between the middle of the lines, or 
€, were diminished in the ratio of the radius to the cosine 
of the angle of incidence. Hence the distance of the spec- 
tra from the axis increases as the cosine of the angle of 
incidence. If o- therefore is the angle of incidence, then 
we have — 

sm Q = . 

€ cos or 

This, however, is only true when the system of lines is 
coarse and a* not very large- But in fine systems of lines 
it is otherwise — the spectra on both sides of the axis are 
no longer symmetrical ; and in the system where 
€=“0*0001223, when a is = 55°, we have the deviation 
of D' on one side of the axis =15° 16', and on the other 
side of the same axis 30° 33'. 

Hitherto we have treated of spectra formed by the light Spectra ty 
transmitted through the gratings, or through plates of glass reflection, 
with systems of lines etched ujjon one of its surfaces. But 
M. Fraunhofer examined also the spectra produced by 
reflection from the etched surfaces of the glass plates. For 
this purpose, he coated the surface of the glass with a black 
resinous varnish of the same refractive power as the glass- 
Then when light reflected from the system of lines fell on 
the object-glass of the telescope, the very same phenomena 
appeared as when the light passed tlirough the same system 
of lines at the same angle of inclination, spectra not sym- 
metrical being seen. The intensity of the spectra was still 
such that the distances of the various lines can be deter- 
mined with great accuracy. 

M. Fraunhofer has noticed it as very remarkable that, Polariza- 
under a certain angle of incidence, o. portion of a spectrum^^^^ 
produced by reflection consists of entirely polarized light. ® 

This angle of incidence varies greatly for the different 
spectra, and even still very perceptibly for the different 
colours of one and the same spectrum. Thus, with the glass 
system of lines, where € = 0*0001223, the ray E* in the 
green part of the first spectrum is polarized when <r=49°, 
but the same green part of the second spectrxim on the same 
side of the axis is only polarized when cr=40°, and the 
green part of the first spectrum lying on the opposite side 
of the axis is not polarized till cr = 69°. In this last case 
the remaining colours of the spectrum are imperfectly po- 
larized. This was less the case in the second spectrum 
above mentioned, where the colour still remained polarized 
when the angle of incidence was perceptibly altered. In 
the spectrum where the green light was polarized at 69°, 
the light was at no angle of incidence so completely po- 
larized as in the first spectrum at 49°. With a system of 
lines in which c is larger than the one above mentioned, 
the green rays in the spectra already referred to are po- 
larized at totally different angles of incidence. 

A very singular consequence arises from the formula de- 
duced from theory by M. Fraunhofer, and representing his 
experiments. If the distance € between the lines is less 
than the length of an undulation, and the light falls ver- 
tically on the grating, so that o-=0, it follows that no co- 
loured rag remains visible^ however the light may fall, and 
only the white light becomes visible in the axis. Hence 
all scratches or inequalities on polished surfaces can pro- 
duce no spectra, or no disturbance in the light which the 
surface refracts or reflects, and consequently no imperfec- 
tion in the images which they form. M. Fraunhofer like- 
wise draws the conclusion that it would be impossible by 


M. Fraunhofer remarks that it requires much good fortune, even, with «=0'0001223, to find a diamond point which shall trace several 
thousands of such lines without being altered, and he had succeeded only in obtaining one system. It is only by trial that a useful 
diamond point can be obtained. As every line requires to be drawn singly with great care, the labour of drawing two thousand is 
enormous. Fraunhofer drew lines so close that there were 32,000 of them in a Paris inch. By etching the first and last lines of the 
system somewhat stronger than the rest, he measured, by a microscopic apparatus, the distance between these two lines, the etching 
machine itself reading the lines which were etched. In tills way, knowing the number of lines, viz., 3601, and the distance between 
the first and last, he obtained or the distance between the middle of any two lines. 
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Periodical any means to render such inequalities (those less than e) 
Colours, visible,” and that a microscopic object, the diameter of which 
is = €, and consists of two parts, cannot be recognised as 
consisting of two parts. “ This,” he adds, shows us the 
limits which are set to vision through microscopes.” This 
result, if clearly established, would be a very remarkable one. 

It is very obvious, that if the distances of the etched 
lines or the wires in gratings are unequal, the larger 
distances e will give smaller spectra, and the smaller dis- 
tances € larger spectra, which will be mixed with each other. 
Fraunhofer, however, conceived it would be interesting to 
know what would happen if the intervals c were regularly 
unequal^ that is, if the inequality in the distances were re- 
gularly repeated in equal parts. With this view, he etched 
parallel lines in various ways, regularly unequal upon plates 
of glass covered with gold leaf. If the distances between 
the lines are expressed by c, c", e'" and if one of the equal 
parts which consists of unequal c’s is expressed by c' + 

€" + €'" then the distances of the various spectra 

were found by experiment to be 

/qW va 

^ ^ ^ ' I " in* 

€+€ +€ +€” 

The phenomena of spectra thus produced are chiefly 
remarkable on account of their different intensity. With 
some systems of lines of this kind, several spectra, or parts 
of them, may be wholly wanting, or have so slight an inten- 
sity that they are not easily observed ; whilst the succeeding 
ones, again, become very intense. Owing to tliis cause, 
the fixed lines in these spectra may be observed. In the 
usual systems consisting of equal spaces c, the lines 
or the fixed lines C, F, in the twelfth spectrum can be seen ; 
but with a regularly unequal system of lines, where every 
division consists of three shades e different among themselves, 
and are as 25 : 33 : 42, the lines and F^“ 

are seen with such distinctness that their distances from the 
axis can be accurately measured. The reason of this is, 
that with such systems of lines, the tenth and the eleventh 
spectra are almost wholly wanting. With tliis system of 
lines, indeed, Fraunhofer saw the line E in the 24th 

spectrum, so distinctly that its distance could be measured. 

When the gratings and systems of lines are immersed in 
fluids, the same phenomena are produced, but the distances 
of all the spectra from the axis are diminished in the in- 
verse ratio of the 
indices of refrac- 
tion. 

Fraunhofer has 
given also some 
fine drawings of a 
beautiful class of 
phenomena pro- 
duced by the dif- 
fraction of light 
passing through 
round and quad- 
rangular aper- 
tures, eithersingly 
or arranged re- 
gularly. When 
a plate of brass 
perforated with 
two equal aper- 
tures 0'02227 of 
an inch in diame- 
ter, and 0*03831 
distant, is placed rig.iiv. 

in front of the object-glass, and the aperture of the helio- 
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state round, the extraordinary appearance shown in fig. 117 Periodical 
was seen. It consisted of 65 elliptical spectra distributed Colours, 
in concentric rings, the outermost of which contains 28 
spectra, the next 20, the next 12, and the central one 5. 

When the circular apertures are arranged so as to cor- 
respond with the 
four angles of a 
square, the effect 
produced is simi- 
lar to fig. 118. 

One of the 
most splendid 
figures of this 
kind is produced 
by crossing two 
gratings with the 
wires at right 
angles to each 
other: a circular 

image is covered Tig us. 

with narrow spectra radiating from the centre, but occupy- 
ing only parts of different radii. The spectra are rectan- 
gular, of about a line wide, and from five lines to five inches 
long. The violet end of each is towards the centre. In 
some places the spectra touch and overlap each other, but 
the greater number are insulated. 

Our limits will not permit us to pursue this curious sub- 
ject any farther, and we must refer our readers to Fraun- 
hofer’s own work,^ and to another published by Schwerd 
of Spires in 1835,'^ in which he has given drawings of an 
immense variety of beautiful phenomena. 



As the various phenomena of diffraction observed by 
Arago, Fresnel, Young, Fraunhofer, and Schwerd are 
susceptible of being explained by the undulatory theory, 
even facts of the same class, and having a similar origin, 
cannot possess much interest in our inquiries into the 
physical causes to which they must be ultimately referred. 

We shall now proceed, however, to give an account of a 
new series of facts discovered by Sir David Brewster. 

In all the phenomena of gratings and systems of lines ob- dis* 

served by Fraunhofer, the central image of the luminous 
aperture in the heliostate is white, a result that might have 
been expected, as that light is reflected from the original 
surface of the glass, and cannot interfere with any other 
light. If the lines,” says Fraunhofer, were so thick that 
one touched another, and consequently had no space be- 
tween them, no light could be regularly reflected from the 
etched surface, and would, as from every other polished 
surface, be dispersed. Were the intermediate spaces 
equally wide as the lines, the etched surface could only re- 
gularly reflect half as much light as an equal surface of glass 
that was not etched ; therefore the quantity of regularly 
reflected light from an etched surface of glass is in propor- 
tion to the quantity of light which is reflected from a sur- 
face of glass of the same size not etched, or as the width of 
the spaces between any two neighbouring lines is to the 
width of these lines.”® 

These conclusions, however irresistible they seem to be, 
are very far from being correct; for, upon examining a 
series of several systems of lines or grooves cut on steel 
for him by the late Sir John Barton, Sir David Brewster 
observed, that in several of them the central image hitherto 
described as white or colourless had a distinct colour, which 
was the same in every part of the system. In one of the 
systems, on which there were 1000 lines in an inch, the 
central image had its tint a greenish-blue at a perpendicular 


^ See JEdin. Journal of Science, K.S., Ko. xiii., p. 101, and No. xiv., p. 261. 

2 Die Beugungs-^sheinimg^n, aus dem Fundamental-gesetz dem undulations theorie analytische entwicJcelt und in Bieldern dargestelU, voa 
P. M. Schwerd, Manheim, 1835. ® jb raujihofer, Bdin. Jour, of Science, No. xiii., p. 109. 
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Periodical incidence, which suffered no change by laming round the 
Colours, plate, nor by reflecting the light from diflferent parts of the 
V— ^ system. He found the same colours on various other sys- 
tems of lines, and upon examining them at different angles 
of incidence, he found that the tints varied with the inci- 
dence, being a maximum at a vertical incidence, diminishing 
as the incidence increased, and disappearing at an angle of 
90°. The following were the general results with tlie 
grooves on steel : — 

JTnTOlier of Orders and portions of orders of colours from 0® to 90® 

grooves in of incidence. 

the incn. 

500 Citron-yellow of the first order shading to white. 

625 One complete order of colours, together with the reddish- 
yellow of the second order. The colours very faint. 

1000 Four complete orders of colours. 

1000 One complete order, with blue, green, and yellowish- 
green of the second order. 

1250 One complete order, with blue and bluish-green of the 
second order. The colours very faint. 

2000 One complete order, together with blue, green, and 
greenish-yellow of the second order. 

2500 One complete order, together with the fall blae of the 
second order. 

3333 Gamboge-yellow of the first order. 

5000 One complete order, together with bluish-white of the 
second order. 

10,000 One complete order, with blue and fainter blue of the 
second order. 

In the third specimen, with 1000 grooves, mentioned in 
this table, the following were the four orders of colour : — 

Colours. Anglos of incidonco. 

White 00® 0' 

Yellow 80 Qi 

Eeddish-orange 77 0^ 

Pink 76 20 

Jumtion of pink and blue 75 40 

Brilliant blue ...74 30 

Whitish 71 0 

Yellow 64 45 

Pink 69 45 

Junction of pink and blue,.*., 58 10 

Blue 66 0 

Bluish-green 64 30 

Yellowish-green 63 15 

Whitish-green 61 0 

Whitish-yellow...,. 49 0 

Yellow 47 16 

Pinkish-yellow 41 0 

Pink-red. 36 0 

Whitish-pink 31 0 

Green 24 0 

Yellow 10 0 

Reddish 0 0 

These colours are obviously analogous to those of the 
reflected rings in thin plates, though with a white centre, 
but they have not the same composition* By turning the 
system of lines round in azimuth, the same colours are seen 
at the same angles of incidence, and they suffer no change 
either by varying the distance of the luminous aperture, or 
the distance of the eye of the observer. 


Desirious of seeing what effect would be produced when Periodical 
the original surface of the steel was almost wholly removed, Colours. 
Sir John Barton executed for Sir D. Brewster a specimen 
with 2000 grooves in an inch, in which this was nearly 
effected. Unfortunately, however, the diamond point which 
he used broke before he had executed any considerable 
space, and the experiments, therefore, with so small a 
portion, were less complete than could have been desired. 

The specimen, however, gave four orders of colours, 
which were developed at greater angles of incidence than 
in the preceding table. The following were the results : — 

Colours. Angles of incidcnco. 

White 90® 0' 

Straw-yellow 

Faint red 

Pink 

First limit of pink and blue 80 0 

Blue 

Green 

Yellow 

Red 

Pink 

Second limit of pink and blue 69 40 

Blue 

Green 

Yellowish* green 

Yellow 

Orange 

Scarlet 

Purple 


Third limit of pink and blue 48 0 

Blue 

Brilliant green * 

Y ell 0 wish-green 

Yellow 

Reddish 10 0 


The property established by the preceding experiment is 
certainly one of a very remarkable kind. That a pure and 
highly-polished metallic surface, which reflects light per- 
fectly white, should actually decompose it when the surface 
is reduced to narrow lines, is inconsistent with every doc- 
trine respecting light. Here there are no rays to interfere, 
no doubly-refracted pencils, and, in short, none of the ordi- 
nary conditions on which the decomposition of light de- 
pends. That the colour does not arise from light tliat has 
entered a certain way into the body interfering with that 
which is regularly reflected, is obvious from the fact, that 
in tw'o specimens of 2000 grooves in an inch, impressed on 
black wax, the new colours were very distinct, the vertical 
tint being a greenish- yellow of the second order in one 
specimen, and a gamboge-yellow in the other, in addition 
to one complete order of colours at greater incidences. 

The following experiments, intended to show the effect 
of a variable refracting power in the reflecting surface, are 
calculated to give us some insight into the nature of this 
new property of light. In the Mowing table Sir David 
Brewster has described the changes produced upon the 
colours, by placing different fluids on the reflecting sur- 
face : — 


No, of grooves 
in an inch. 

Maximum vertical tint 
without a finid. 

Haximnm tint with three 
dltferent fluids. 

312} 

soo 

No colour 

r 1. Water — tinge of yellow. 

< 2. Alcohol — tinge of yellow. 

1 3. Oil of cassia — faint reddish-yellow, 
r 1. Water — tinge of red. 

< 2. Alcohol*— dilated pink, 

1 3. Oil of cassia— a bluer pink. 

{ 1. Water — faint pink of second order. 

< 2. Alcohol — ditto more pink. 

1 3. Oil of cassia — bluish-pink of second order, 
j* 1. Water — pinkish-red, second order. 

-! 2. Alcohol — brilliant pink, ditto. 

V 3, Oil of cassia— greenish-blue, third order. 

( 1. Water— yellow, second order. 

< 2. Alcohol — yellower. 

1 3. Oil of cassia — yellowish-pink. 

Citron-yellow of first order 

626 

Reddish-yellow of second order 

1000 

Ylallowish-green of second order 

1250 

Blalsh-green, faint 
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No. of grooves 
in an inch. 

Maximum vertical tint 
without a fluid. 

Maximum tint with three 
different fluids. 

2,000 

Greenish-yellow, second order 

f 1. Water — brownish-red, second order, 

< 2. Alcohol — pinkish-red, ditto. 

( 3. Oil of cassia — greenish-blue, 
fl. Water — dilute-green. 

j 2. Alcohol — greenish-white, second order, 

[ 3, Oil of cassia — bright gamhoge-yellow. 
f 1. Water — pinkish-red, first order. 

< 2. Alcohol — reddish-pink, 

1 3. Oil of cassia — bright blue, second order. 

1 1. Water — pale yellow. 

1 -j 2. Alcohol — yellow, with tinge of orange. 

1 ( 3. Oil of cassia — yellowish-pink, second order. 

1 1. Water — greenish-white, second order. 

< 2. Alcohol — yellowish- white. 

1 3. Oil of cassia — brilliant gamhosre-vellow. 

2,500 

Blue, second order 

3,333 

5,000 

Gamhoge-yellow, first order 

Bluish-white, second order.,... 

10,000 

Fine hlue, second order 



Similar results were obtained with grooves impressed upon 
wax ; hence it follows that more orders of colours, and higher 
tints, at a given incidence, are developed by diminishing 
the refractive power of the grooved surface. But one of 
the most interesting results in this table is the part in 
which the colours are entirely developed by the fluids ap- 
plied to the surface ; and hence if we had transparent fluids 
of much higher refractive powers, the colours would be pro- 
duced when the intervals were much larger. 

Similar phenomena were developed when the grooves 
were impressed on the fusible metal, on tin, and on isin- 
glass. In those on isinglass, the new colours were seen also 
in the transmitted central image, and were extremely bril- 
liant 5 but they were not decidedly complementary to those 
in the reflected image. The following were the colours of 
the reflected and transmitted image in isinglass, beginning 


from 90° of incidence : — 

Colour of tlie Colour of the 

reflected same image, seen 

central image. by transmission. 

Yellow Deep blue. 

Orange Paler blue. 

Pink Blue. 

Mrst limit of pink and blue Blue. 

Blue Pink. 

Green Orange-pink. 

Yellow Orange. 

Orange Yellow, 

Pink Yellow. 

Second limit of pink and blue Yellow. 

Blue Yellow. 


Sir D, Brewster was now desirous of observing what took 
place in the prismatic images, when the colours appeared in 
the principal or central image. 

Let AB (tig, 119) be the reflected image of a long rect- 
angular aperture from the spaces between the grooves, and 
ab, dV, d!b\ d'T, the „ „ , ^ „ 

prismatic images of it; 
vvj &C., being the violet 
sides, and rr, rV, &c., the 
red sides of these spectra. 

Then, in the 

First spectrum ah^ the 
violet rays are obliterated at 
m at an incidence of 74°, 
and the red rays at w, at an 
incidence of 66°, the inter- 
mediate colours, blue, green, 
being obliterated at inter- 
mediate points between m 
and n , and at angles of in- 
cidence intermediate be- 
tween 74° and 66°. In the 

Second spectrum db\ the 
violet rays are obliterated at m 
m' at an incidence of 66° 20\ ”| 
and the red at n at 54° 45'. 

In the Fig. 119. 



Third spectrum ab'\ tlie violet rays are obliterated at 
m' at 57°, and the red at n at 41° 35'. And in the 
Fourth spectrum the violet rays are obliterated at 
m" at 48°, and the red rays at n" at 23° 30', 

Another similar succession of obliterated tints takes 
place on all the prismatic images at a lesser incidence, 
as shown at fjLv, the violet being obliterated at /a, and 
the red at v, and the intermediate colours at intermediate 
points. In this second succession the line jw begins and 
ends at the same angle of incidence as the line Tnn in the 
third prismatic image aU ' ; and the line fxv on the second 
prismatic image corresponds with on the fourth 

prismatic image. 

This singular obliteration of the colours is shown more 
cleai'ly in fig. 120, where rmvn is a part of one of the pris- 
matic images, rr the red space, gg the green space, bb the 




blue, and vv the violet space. The line of obliteration mn 
begins at the extreme violet being obliterated there, so 
that the curve of illumination abm (%. 121) is just affected 
at one extremity m. The line advances into the spectrum, 
and at the point corresponding to d (fig. 121) a portion of 
the blue and violet is obliterated, as shown by the notch in 
the curve ; at a portion of the green and blue ; at h, a 
portion of the red and green ; and at n the extreme red. 

A similar obliteration of tints takes place on the ordinary 
image AB. 

The first obliteration* — ^viz., that of the violet — takes place 
at 0 (fig. 119), and that of the red at p; while the inter- 
mediate colours disappear at intermediate points. This first 
space of obliteration has no corresponding one at the same 
incidence in any of the prismatic images. 

The second obliteration of the violet in AB takes place 
at q, and that of the red at r, and this corresponds in inci- 
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Periodical clence with the obliterations mn, mn on the second pris- 
Colours. nnatic image. 

The third obliteration of the violet takes place at s, and 
that of the red at t, and this corresponds in incidence with 
the four obliterations on the second and fourth prismatic 

I / ftt tn <<l 

images — viz., / av, n n . 

In all these phenomena the points m, n, fx, v, &c., are 
only the points of minimum intensity, or of maximum ob- 
literation ; for the tints never entirely disappear, and those 
obliterated at each line mn form an oblique spectrum con- 
taining all the prismatic colours. 

The analysis of these curious and apparently complicated 
phenomena becomes very simple when they are examined 
under homogeneous illumination. The effect produced in 
red light is represented in fig. 122, 
where AB is the image of the rect- 
angular aperture reflected from the 
faces n of the steel, and the four 
images on each side of it correspond 
with the prismatic images. All these 
nine images, however, consist of ho- 
mogeneous red light, which is ob- 
literated at the fifteen shaded rect- 
angles, which are the minima of the 
new series of periodical colours which 
cross both the ordinary and the pris- 
matic images. The centres p, r, 

V, &c., of these rectangles cor- 
respond with the points marked with 
the same letters in fig. 1 19 ; and if 
we had drawn the same figure for 
violet light, the centres of the rect- 
angles would have corresponded with 
0 , q, s, m, /A, &e., in fig. 119. The 
rectangles should have been shaded 
off to represent the phenomena ac- 
curately, but the only object of the figure is to show to the 
eye the position and relations of the minima of the periods. 

If it should be practicable to remove a still greater por- 
tion of the faces the first minimum p (fig. 122), w'oukl 
commence at a greater angle of incidence ; and other two 
rows of minima — namely, rows of five and six — would be 
found extending to the fifth and sixth prismatic images. 
The arrangement and succession of these is easily deducible 
from fig. 122, where the law of the phenomenon is obvious 
to the eye. 

The following table contains the angles of incidence 
reckoned from the perpendicular at which these minima 
occur in the extreme rays : — 

Position of the Minima in Red Light 

ow-i 1st Prism 2d Prism 8d Prism 4th Prism 

Ord.Im. 

0' 66° 0' 65° 45' 41° 35' 23° 30' 

Second minima, r..65 46 41 36 23 30 

TMrdminima 23 30 




B 

Fig. 122. 


Position of the Minima in Violet Light 

r\y,A 1st Prism 2d Prism 8d Prism 4th Prism 

Jm. Im. Im. Im. 

First minima 81° 30' 74° 0' 66° 20' 57° 0' 48° 0' 

Second minima... 66 20 57 0 48 0 

Third minima 48 0 

When the steel witlj 1000 grooves is exposed to common 
light, and the incident ray is very near the perpendicular, 
the 5th, 6th, 7th, and 8th prismatic images are combined 
into a mass of whitish light, terminated externally by a 
black space. As the angle of incidence increases, the 6th, 
7th, 8th, and 9th images are combined into this mass, then 
the 7th, 8th, 9th, and 10th images, and so on ; the black 
space which terminates this mass receding from the axis or 


image AB (fig. 119), as the obliquity of the incident ray Periodical 
increases. Colours. 

Having covered the steel plate with water and oil of cas- 
sia in succession, the angular distances of the black space 
were found to be as follows at the same incidence : — 


Air 12° 23' 

Water 17 15 

Oil of cassia 21 22 


the sines of which are inversely as the indices of refraction 
of the fluids. 

Phenomena analogous to those above described take 
place on the grooved surfaces of gold, silver, and calcareous 
spar, &c. 

In order to study this subject under a more general as- 
pect, it w’as desirable to examine the phenomena exhibited 
by grooved surfaces of different refractive powers. It was 
obviously impossible to procure systems of lines upon trans- 
parent bodies in which the grooves should have exactly the 
same distance and magnitude ; but Sir D. Brewster con- 
ceived it practicable to impress upon different substances 
the very grooves which produced the preceding phenomena, 
and he succeeded in impressing the system of 1000 grooves 
upon tin, realgar, and isinglass. 

The following results were obtained with tin^ the colours 
being those upon AB, fig. 119: — 


White 90° 0' 

Yellow 

Pink 

FiVat junction of pink and blue 76 20 

Greenish-blue 

Yellow 

Pink 

i^econd junction of pink and blue..... 57 40 


Bluish-green..,,. 

Yellow 

Orange 

Pink... 

junction of pink and blue, 


First minimum of red 76 0 

Second „ „ 61 0 


The following results were obtained with realgar : — 


White 90° 0' 

Yellow 80 0 

Pink 75 30 

First junction of pink and blue 73 10 

Blue 72 0 

Bluish-green .....70 15 

Yellow 63 0 

Bright pink 64 0 

Second junction of pink and blue. 47 0 

Bluish-green 41 0 

Yellow 36 0 

Pink,.,.. 32 0 

More and more pink 

First minimum of red 72 0 

Second „ „ 61 15 


The following results were obtained with isinglass. The 
colours were generally the same as in the steel : — 


The first limit of pink and blue was at 73° 45' 

The blue of second order 73 45 

The second limit of pink and blue was at 64 30 


In these experiments the tin gave nearly the same results 
as the steel ; but in the realgar and the isinglass similar tints 
were produced at a less angle of incidence than in the steel. 
The minima of the periods were exhibited very finely on 
the isinglass, and were produced at smaller angles of inci- 
dence. 

In a specimen with 1000 grooves upon isinglass, the third 
pink, or that seen upon steel at 38®, was the highest ; but 
after drying, the pink descended to yellow, and subsequently 
to green. 

If the isinglass is removed firom the steel when it is still 
soft, the edges of the grooves get rounded and lose their 
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Periodical sharpness, and only one prismatic image is seen on each 
Colours, side of the ordinary image, as in mother-of-pearl. 

The mass of white light is finely seen in the impressions 
taken upon tin, but never appears upon isinglass. 

The prismatic colours seen on mother-of-pearl are ex- 
actly of the same kind as the prismatic images of grooved 
surfaces, with this difference, that a single prismatic image 
only is seen on each side of the common colourless image. 
The following account of these colours has been given by 
Sir David Brewster, who first analyzed them, and discovered 
their communicability to wax, the fusible metals, See . : — 
Properties Mother-of-pearl, which constitutes the interior lining of 
of mother- the shell of the pearl oyster, and of various other shells, has 
of-pearl. employed in the arts for the purposes of use 

and of ornament. Every one must have observed the 
play of prismatic tints, from which this substance derives 
much of its value as an ornament; but the nature and 
origin of these tints were never made the subject of inves- 
tigation till Sir David Brewster took up the subject, and 
published the results of his observations in the Phil. Tram. 
for 1814. 

In order to study well the properties of this substance, 
we must select a regularly-formed piece or plate of mother- 
of-pearl, which is known by the uniformity of its colour in 
daylight, and scarcely exhibits in that light any of the 
prismatic tints. Let this plate be now ground flat on both 
sides (but not polished) upon a hone or piece of slate, or 
upon a bit of glass, with the powder of schistus, or with 
fine emery. When this is done, hold the plate close to the 
eye, and view in it by reflection the flame of a candle, or of 
an Argand lamp, or the flame of two or three candles, so 
placed as to appear like one, and we shall see a dull and 
reddish image, free from all prismatic colours, its dulness 
arising from the imperfect polish of the surface. On one 
side of, or above or below this image, will be seen a brighter 
image, with the colours of the spectrum, nearly as if it had 
been formed by a prism. 

When the plate of mother-of-pearl is turned round in its 
own plane, the prismatic image will follow the motion of 
the plate, and revolve round the common image, the blue 
rays being nearest the common image, and the red rays 
farthest from it. If the plate is so placed that the prismatic 
image is in the plane of reflection, and between the common 
image and the observer, it will be found that the distance 
between the two images increases with the angle of inci- 
dence, being about 2° 7' at an incidence not far firom the 
perpendicular, and 9° 14' at a very great obliquity. This 
distance between the images varies more rapidly when the 
plate is turned round 180° in azimuth, so that the common 
image is between the prismatic image and the observer ; 
but in tliis case we cannot measure the angle accurately 
much beyond 60°, when it is nearly 4° 30'. 

, Beyond the prismatic image, and in the same line with 
it and the common image, will be observed a mass of 
coloured light, nearly as far beyond the prismatic image as 
the prismatic image is from the common image. The dis- 
tance of this patch of coloured light varies according to a 
different law from that of the prismatic image, as the rays 
which form it have previously suffered refraction. This 
mass of light has a beautiful crimson colour at great angles 
of obliquity.^ 

Hitherto we have considered the phenomena only when 
the surface has that degree of polish which accompanies 
smooth grinding. If a greater degree of polish, however, 
is communicated to the plate, the common image becomes 
more brilliant, and a new prismatic image starts up^ dia- 
metrically opposite to the first prismatic image^ and at the 
same distance from the common image. This second pris- 
matic image resembles in every respect the first. Its bril- 
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liancy increases with the polish, and when this polish is Periodical 
vei 7 high, the second prismatic image is nearly as bright as 
the first, which has its brilliancy a little impaired by polish- 
ing. This second image is never accompanied, like the 
first, by a mass of coloured light. If the polish of the sur- 
face is removed by grinding, the second prismatic image 
vanishes, and the first resumes its primitive brilliancy. 

When the preceding experiments are repeated on the op- 
posite surface of the plate of mother-of-pearl, the same phe- 
nomena are observed, but in a reverse order, the first pris- 
matic image and the mass of coloured light being now seen 
on the opposite side of the plate. 

In measuring the angular distances of the prismatic image Its re- 
from the common image seen by reflection, Sir David co- 
Brewster had occasion to fix the mother-of-pearl to a gonio- 
meter by means of a cement made of rosin and bees’- wax. 

Upon removing it from the cement, by insinuating the edge 
of a knife, and making it spring off, the plate of mother-of- 
pearl left a clean impression of its own surface ; and he was 
surprised to observe that the cement had actually received 
the property of producing the colours which were exhibited 
by the mother-of-pearl. This was at first attributed by Sir 
D. Brewster, and others who saw the experiments, to a very 
thin film of mother-of-pearl detached from the plate, and 
left upon the cement; but subsequent experiments con- 
vinced him that the mother-of-pearl communicated to the 
cement its own properties. 

The properties of mother-of-pearl may also be communi- 
cated in this way to balsam of tolu^ gum-arabic^ gold-leaf 
placed upon wax, tinfoil^ fusible metal composed of bis- 
muth and mercury, and to lead^ by hard pressure, or the 
blow of a hammer. When the impression is first made upon 
the fusible meta\ the play of colours is singularly fine; 
but the metallic surface soon loses its polish, and the colours 
gradually decay. 

If dissolved isinglass or gum-arabic^ &c., is placed uppn 
the plate of mother-of-pearl, and allowed to harden upon 
it, they will exhibit in the most splendid manner the colours 
of the substance ; or if we indurate these gums between 
two plates of mother-of-pearl, we shall have transparent 
films, exhibiting on both sides the play of the prismatic 
tints. 

If we now examine the prismatic images reflected from 
the wax which has received the impression from an unpol- 
ished piece of mother-of-pearl, we shall find that the single 
prismatic image which is thus produced is on the right 
hand of the common image, whereas it is on the left hand 
of the common image in the mother-of-pearl itself. 

At different angles of incidence, the two coloured images 
formed by the wax follow the same laws as those produced 
by the mother-of-pearl ; but the mass of green and crimson 
tints never appears in the impressions taken from mother- 
of-pearl, because they are produced by light which has 
penetrated the mother-of-pearl, and lias after refraction been 
reflected from one or more thin plates which lie between 
the strata of which the mother-of-pearl is composed. 

In communicating to isinglass or gum-arabic the super- Transmit- 
ficial structure of mother-of-pearl, their transparency enables colours 
us to observe the phenomena of the transmitted colours. 

The two prismatic images were both visible — the primary 
one being remarkably brilliant, and the second one scarcely 
perceptible ; but when the light was transmitted through 
the gum, the primary image was nearly extinct, while the 
secondary one was unusually brilliant and highly coloured, 

& surpassing in splendour those which are formed by 
transmission through the mother-of-pearl itself. When 
both the surfaces of isinglass or gum-arabic have received 
the superficial structure of mother-of-pearl, four images 
are seen. 
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From diese facts it is obvious that the principal pheno- 
mena of mother-of-pearl have their origin m a prticular 
configuration of its surface. By the use of the microscope 
Sir David Brewster discovered in every speamen of mother- 
of-pearl that gave the prismatic images a grooved structure 
upon its surfacCj resembling the delicate texture of the skin 
at the tip of an infant’s finger, or the lines which mark out 
islands and coasts upon a map. 

In many specimens of mother-of-pearl the grooves are 
parallel, but they are often arranged in all possible direc- 
tions like the veins of agate, and in this case the common 
reflected image is surrounded with a number of prismatic 
images, sometimes arranged in a circular or oval form more 
or less regular. Sometimes the spaces between the grooves, 
or rather the edges of the strata of the shell, can be seen 
by the naked eye, or by a magnifying power of six or eight 
times, in which case the prismatic images are less highly 
coloured, having whitish light in their centre, and are 
placed close to the common image. At other parts of the 
same plate more than 3000 grooves may be counted in an 
inch, and in some places they cannot be detected by ordinary 
magnifying powers. 

The direction of the grooves is always at right angles to 
the line joining the common image and the prismatic image. 
Had the grooved structure appeared only upon its external 
surface, the phenomena and the communicable colours 
would have disappeared when the surface was ground 
down ; but the surprising part of the phenomena is, that 
if we grind down the external surface with the finest pow- 
ders, and polish it to the utmost degree, we never can 
grind out the grooved structure, and replace it by a flat 
surface. The edges of the shell break off by the action of the 
finest powders, so that the termination of one stratum can- 
not pass into the subjacent stratum without being separated 
by a distinct line or edge, formed by the fracture of its thin 
marginal parts. As all the strata have thus a prismatic 
termination, the mass of green and crimson light is reflected 
from near the edge of the surface upon which the super- 
incumbent stratum lies. 

Observa- Sir John Herschel discovered in very thin plates of 
tions of Sir mother-of-pearl a pair of nebulous prismatic images more 
John Her- distant from the central image than the two prismatic 
ones above described, and also a pair of fainter nebulous 
images, the line joining which is perpendicular to the line 
joining the first pair. He saw them by looking through 
thin pieces between the 70th and 300th of an inch thick. 
They are produced by a veined structure, in which there 
were 3700 veins in an inch. They cross the common 
grooves at all angles, and ai:e parallel to the plane passing 
through the centres of the two systems of the colourea 
rings. 

In applying apertures of various figures to the mirrors 
and object-glasses of telescopes, Sir John Herschel obtained 
the following results : — 

Effects pro-, With the largest circular diaphragm, either near to or 
duced by distant from the spectrum or object-gkss, the disc and rings 

increase inversely as the diameter 

of the aperture. When the aper- 
ture was only 1 inch in a telescope 
of 7 feet in focal length, the disc of 
the star was well defined, and sur- 
rounded with one ring only faintly 
tinged with white, faint red, black, 
very faint him, white, extremely 
faint red, and black, reckoning from 
the centre. With a half-inch aper- isa. 

ture, the rings vt^ere invisible, the disc greatly enlarged, the 
light shading ofP to the circumference like some comets. 
This is shown in fig. 123. 

-With^nular apertmes the phenomena were highly beau- 
tiful. When the outside of the annulus was 3 inches, and 


schel, 


apertures 
of various 
shapes. 



the inside 1 J, Capella appeared as in fig. 124, and the double Periodical 
star Co^f^orasinfig. 125. When ^^ours. 

the breadth of the annular aper- 
ture is diminished, the disc and 
the breadth of the rings also 
diminish, while the number of 1 
visible rings increases. The I 

appearance of Capella with an- 125 . 

nular apertures of 5*5 inches exterior and 5*5 interior, of 
0*7 exterior and 0*2 interior, and of 2*2 exterior and 2'0 






Tig. 126. 


Tig. 127. 


Tig. 128. 


interior, is represented in figs. 126, 127, and 128. In the 
last figure the disc was reduced to a point, and the rings 
were so numerous and close that they could scarcely be 
counted. When the breadth of this annulus was reduced 
one-half, the rings were invisible. 

When two annuli, as shown in fig. 129, were used, large 
halos or rings were seen by Sir 
John Herschel, as in fig. 130. 

With an aperture of the shape of 
an equilateral triangle, or the opening 
between two concentric equilateral j 
triangles, the figure was that shown 
in fig. 131, in which the small central 
disc was extremely bright, and the 
field of the telescope black. 

When fig. 131 is seen with the Tig.m 

telescope out of focus, it changes into fig, 132. 
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When three circular apertures are placed at the angles 



of an equilateral 
produced. 


Tig. 131. 

), the effect shown in fig. 133 is 
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Periodical When three equal and similar annular apertures were 
Colours, arranged in the same manner, the effect was as in fig. 124. 



When this was thrown out of focus, it had the appearance 



Tig. 133. 



Tig. 134. 



Tig. 135. 


in fig. 134 ; when brought better into focus, it changed into 
fig. 135 ; and when in focus, into fig. 124.^ 


Sect IV. — On the Colours op Concave' Mubroes or 
THICK Plates. 


Colours of 

thick 

plates. 


The colours produced by thick plates were discovered 
by Sir Isaac Newton, who has given the following account 
of them There is no glass or speculum, however well 
polished, but besides the light which it refracts or reflects 
regularly, scatters every way irregularly a faint light by 
means of which the polished surface, when illuminated in 
a dark room by a beam of the sun's light, may be easily 
seen in all positions of the eye. The sun shining into my 
darkened chamber through a hole in the shutter AB (fig. 
136), one-third of an inch wide, I let the intromitted beam 



Tig. 186. 


of light ER' fall perpendicularly upon a glass speculum M, 
ground concave on one side and convex on the other, to 
a sphere of 5 feet and 11 inches radius, and quick-silvered 
over on the convex side ; and holding a white opaque chart 
at the centre of the sphere to which the speculum was- 
ground, in such a manner that the beam of light might pass 
through a little hole made in the middle of the chart to the 
speculum, and thence be reflected back to the same hole, I 
observed upon the chart four or five concentric rings of* 
colours like rainbows. If the distance of the chart from the 
speculum was much greater or much less than that of 6 feet,, 
the rings became dilute and vanished. 

The colours of these rainbows succeeded one another 
from the centre outerwards in the same form and order with 
those transmitted through the two object-glasses. 


‘‘ The diameters of the first four of the bright rings, mea- Periodical 
sured between the brightest parts of their orbits at the distance Colours, 
of 6 feet firom the speculum, were l-J-J, 2f , 2^, 3| inches, 
whose squares are in arithmetical progression of the numbers 
1, 2, 3, 4. If the white circular spot in the middle be reckoned 
amongst the rings, and its central light, where it seems to 
be most luminous, be put equipollent to an infinitely little 
ring, the squares of the diameters of the rings will be in the 
progression 0, 1, 2, 3, 4, &c. I measured also the diameters 
of the dark circles between these luminous ones, and found 
their squares in the progression of the numbers 1 J, 

&c.; the diameters of the first four at the distance of 6 feet 
from the speculum being 2^, 2f , 4^^ inches. If the 

distance of the chart from the speculum was increased or 
diminished, the diameters of the circles were increased or 
diminished proportionally. 

“ When the beam of the sun’s light was reflected back 
from the speculum, not directly to the hole in the window, 
but to a place a little distant from it, the common centre of 
that spot, and of all the rings of colours, fell in the middle 
way between the beam of the incident light and the beam 
• of the reflected light, and by consequence in the centre of 
the spherical concavity of the speculum, whenever the chart 
on which the rings of colours fell was placed at that centre. 

And as the beam of reflected light, by inclining the specu- 
lum, receded more and more from the beam of incident 
light, and from the common centre of the coloured rings 
between them, these rings grew bigger and bigger, and so 
also did the white round spot, and new rings of colours 
emerged successively out of their common centre, and the 
white spot became a white ring encompassing them ; and 
the incident and reflected beams of light always fell upon 
the opposite parts of this white ring, illuminating its 
perimeter like two mock suns in the opposite parts of an 
iris. * * 

The colours of the new rings were in a contrary order 
to those of the former, and arose after this manner. The 
white round spot of light in the middle of the rings continued 
white to the centre, till the distance of the incident and re- 
flected beams at the chart was about ^ parts of an inch, 
and then it began to grow dark in the middle. And when 
that distance was about If of an inch, the white spot was 
become a ring encompassing a dark second spot, which in 
the middle inclined to violet and indigo. * * 

When the distance between the incident and reflected 
beams of light became a little bigger, there emerged out 
of the middle of the dark spot after the indigo a blue, and 
then out of that blue a pale green, and soon after a yellow 
and red. * * 

“ When the distance of the two beams of light at the 
chart was a little more increased, there emerged out of the 
middle in order after the red, a purple, a blue, a green, a 
yellow, and a red inclining much to purple.” 

The Duke de Chaulnes® observed colours analogous to 
those of thin plates, when the surface of a mirror was 
covered with a thin film of milk after it was dry, or with a 
screen of gauze or muslin placed at a small distance in 
front of the mirror. Sir William Herschel* has given an 
account of an interesting experiment, in which, by dispers- 
ing hair-powder in the air before a, metallic speculum on 
which a beam of light is incident, and receiving the reflected 
beam on a screen, fine rings of colour are produced ; or an 
analogous phenomena may be seen by scattering hair-pow- 
der on the face of a common looking-glass.® 

Sir David Brewster has remarked,® that the method which 
he has found the most simple for exhibiting these colours, 
is to place the eye immediately behind a small flame, from 
a minute wick fed with oil or wax, so that we can examine 


9 Herschel’s Treatise on lAght^ § 769, &c., in which the reader will find the subject more fully treated. 

This account is abridged from Newton's Optics, book ii., part iv., p. 264. ® Mim. de l^Acad. de jPam, 1705, p. 136. 

PM. Tram. 1807, part ii, ® See our art. Oheomatics, § ix., vol. vi. ® Treatise on Optics, p. 131, § 80. 
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tbetxi even at a perpendicular incidence. The colours of 
thick plates may be seen even with a common candle held 
before the eye at the distance of ten or twelve feet from a 
common pane of crown-glass in a window that has accumu- 
lated a little fine dust upon its surface, or that has on its 
surface a deposition of fine moisture. Under these circum- 
stances they are so very bright, that they may be seen even 
when the pane of glass is clean. 

Sect K— On the Coloues Peoduced bt Double Plates 
OF Glass op Equal Thickness. 

In 1815 Sir David Brewster published in the 
Transactions^ “ An account of a new species of coloured 
fringes produced by the reflection of light between two 
plates of parallel glass of equal thickness.” 

In these experiments he cut the plates of glass AB, CD 
(fig. 137) out of the same piece, and having placed between 
them a bit of soft bees’- wax, he pressed them together till 
they were at the distance of nearly the tenth of an inch, 
and slightly inclined to each other as in the figure, till one 
or more of the reflected images 
of a circular luminous disc seen 
in the direction VR by an eye J 
at V, were reflected from the 
bright and direct image formed 
by transmitted light. When 
this was done, the reflected 
image was crossed with about 
fifteen or sixteen beautiful pa- 
rallel fringes. The three central 
fringes consist of blackish and 
whitish stripes, and the exterior 
ones of brilliant stripes of red 
and green light; and the central fringes have the same 
appearance in relation to the external fringes as the inter- 
nal have to the external rings formed by thin plates. If 
the two plates of glass are turned round in a plane at right 
angles to the incident ray, the reflected images will move 
round the bright image, and the parallel fringes will always 
preserve a direction at right angles to a line joining the 
centres of the bright and reflected images. Hence it fol- 
lows, that the direction of the fringes is always parallel to 
the common section of the four reflecting surfaces which 
exercise an action upon the incident light 

The position of the plates remaining as before, let the 
inclination of the plates, or, what is the same thing, the 
distance of the bright and the reflected image, be varied by 
a gentle motion of one of the plates, the coloured fringes 
will he found to increase in breadth as the inclination of the 
plates is diminished^ and to diminish as the inclination of 
the plates is increased. 

If the light of the circular object, instead of falling per- 
pendicularly upon the plates, is incident at different obli- 
quities, so that the plane of incidence is at right angles to 
the common section of the plates^ no fringes are visible 
across any of the images. But if the plane of incidence is 
parallel to the common section of the plates, the reflected 
images increase in brightness with the obliquity of inci- 
dence, and the coloured fringes become more vivid. When 
the angle of incidence increases from (f to 90®, the images 
that have suffered the greatest number of reflections are 
crossed by other fringes, inclined to them at a small angle. 
At an angle of about 44®, the image formed by four re- 
flections is covered with interfering fringes ; but it is not 
till the ^gle of incidence is greater that this is distinctly 
seen on the image formed by two reflections. 

Hitherto he had observed no fringes upon the first or 
bright image, which is composed of light that has not suf- 



fered reflection from the second plate of glass. By con- Periodical 
cealing, however, the bright light of the first image, so as Colours, 
to perceive the image formed by a second reflection within 
the first plate, and by viewing this image through a small 
aperture, which he found of great service in giving distinct- 
ness to all the phenomena, he observed fringes across the 
first image far surpassing in precision of outline, and in 
richness of colouring, every analogous phenomenon which 
he had seen. When these fringes were concealed, he also 
observed other fringes on the image immediately behind 
them, and formed by a third reflection, from the interior 
of the first plate. He concealed the second image, upon 
which the fringes were extremely bright, and very faint 
stripes were seen upon the one immediately behind it. 

In examining these phenomena a little more attentively, 
he observed that the size of the fringes in the first image 
varied with the distance of the eye from the plates, while 
those on the second and fourth image diminished with that 
distance. 

In pursuing this inquiry, Sir David Brewster found that 
the production of the fringes depends upon the action of all 
the four surfaces of the two plates of parallel glass; and that 
the magnitude of the fringes are inversely as the thickness 
of the plates that produce them at a given inclination. 

When the eye is placed between the plates and the lu- 
minous object so as to see the first, third, fifth, seventh, 

&c., reflected images, the coloured fringes are also seen, and 
have the same character as those already described. 

In order to explain the changes which the light under- 
goes in its passage through the plates of glass, let AB, CD 
(fig. 137) be a section of two plates at right angles to the 
common section of their surfaces, and let RS be a ray of 
light incident nearly in a vertical direction. This ray, after 
passing through the first plate AB, will suffer a small re- 
fraction at P and Q, and emerge in the direction QV parallel 
to RS. At the point P, in the second plate CD, the ray 
TP will be reflected to a, again reflected to h, and after 
suffering a refraction at h and c, will emerge in the direction 
cd, forming with RV an angle eq\ial to twice the inclina- 
tion of the plates. A portion of the reflected ray Pa will 
enter the first plate at a, and having suffered reflection and 
refraction at the reflected portion /Jy will reach the eye 
at Q. The ray Pa5c will likewise suffer a reflection at c 
and e, and will reach the eye at g. In like manner, a part 
of the ray PQ will be reflected at Q, and move in the 
direction (^rstuv, and another part of it in the direction 
swxyz, and these rays will suffer several other reflections ; 
but the images which they form will be so faint, that the 
eye will not be capable of perceiving them. When the 
observer, therefore, looks at a luminous body, in the direc- 
tion SR, through the glass plates, he will perceive two 
images, one of which is a bright image, seen by the trans- 
mitted light QV, and the other is a faint image, seen prin- 
cipally by the reflected light Vahcd, and composed of 
several images, formed by the pencils cd, uv, S, z^, and ig. 

The bright image is not crossed by coloured fringes, but 
the fringes appear distinctly upon the other image ; and the 
light by which these fringes are formed has suffered two 
reflections from the exterior surfaces, and two refractions at 
the interior surfaces of the plates. 

Dr Thomas Young, in the article Chromatics in this 
work,^ has given an explanation of these phenomena upon 
the principles of interference ; and Sir John Herschel has 
shown, by an interesting analysis of them, that they are 
well fitted for illustrating the laws of this class of pheno- 
mena, and may be readily explained by interference.® 

When two or three plates are combined, as in the form Fringes in 
of concave and convex lenses, and are combined as in the achromatic 
double and triple achromatic object-glass, a series of beauti-o^j®®^* 


1 Vol. viL, p. 436. 


* § 6, vol. vi. 


^ TrteXiss on tdgH, §§ 688-696. See also Biotis Traits de Physique, tom. iv., p. 246. 
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Periodical ful systems of rings are developed. The method of ob- 
Colours. serving these rings, and by which Sir David Brewster dis- 
covered them, is shown in fig* 138, where ABCD is the 



Pig.m 

section of the object-glass, including a meniscus of air. A 
small flame S is placed about four or five inches from the 
object-glass, and a small screen G is interposed between 
the flame and the eye at E, which is kept as close to S as 
possible. The distance of the object-glass is then varied, 
till the inverted greenish-coloured flame reflected interiorly 
from 'the concave surface AlB seems to cover the whole 
area of the object-glass. When this takes place the rings 
may, by a slight change in the position of the object-glass, 
or by screening the image formed by reflection from AlB, 
be seen in the distinctest manner over the expanded 
but enfeebled image formed by a second reflection from the 
same surface. 

When the flame is small, and the eye sees it projected 
against the centre of the object-glass, the rings form a con- 
centric system (as shown in fig. 139), approaching closer and 
closer to each other, towards 
the circumference of the lens. 

Two of these rings mmmm^ 
nnnn^ were distinguished 
from the rest by their dark- 
ness, and by the whiteness of 
the light between them 5 and 
they are the bounding lines 
of four systems of fringes 
into which the general system 
subdivides itself by oblique 
reflection. In order to see this 
change, incline the object- 
glass so that the point A is 
farther from the eye than B, 
and so that the eye may receive the obliquely-reflected 
rays from every point of the surface AlB. At a slight 
deviation from the perpendicular, the rings become smaller 
and closer on the side A, and larger and more separated 
on the side B. At greater incidences the inner ring aa 
(fig. 139) contracts into an irregular crescent aa (fig. 140). 
The second and third rings 
hh^cc (fig. 139) do the same, as 
shown at hh, cc (fig. 140) ; and 
at a greater incidence the dark 
ring nn (fig. 139) assumes a 
similar form nnnn (fig. 140), 
and forms the boundary of 
the remote central system^ 
ncbaahcn. In like manner, 
the lower part of the ring 
nn (fig. 139) has inclosed a 
smaller but similar system of 
rinp, ^ which are shown at 
nnnriy and may be called the Pig. wo. 

near central system. While these changes are going on, 
the rings without nn (fig. 139) are undergoing analogous, 
though opposite, inflections. The outermost, (fig. 139), 
divides itself into two unequal portions, which run out into 





tlie circumference at the points d^ d^ (fig. 140). Then Periodical 
the next ring,-— viz., the dark one mmmm (fig. 139) Coloi^ 
forming the boundary of the remote external system mmmA, v-*-' 

and of the near central system mnirnh (fig. 140). The 
four groups of rings thus developed assume at greater in- 
cidences the character shown in fig. 141, but they are not 
seen all at once ; and in trac- 
ing their form it is necessary 
to cause the image on which 
they are produced to be re- 
flected successively from dif- 
ferent parts of the lens. The 
rings are so closely packed 
together, at a distance from 
the white centres ar, or, to 
which they are all related, 
that it is extremely difficult to 
perceive them in the present 
object-glass. At a still greater 
angle of incidence, the rays Fig. 141. 

close in upon the centres a?, x, and become exceedingly 
close as the points a?, x approach to the circumference of 
the lens, and the rays become brighter from the increase 
of the light at greater obliquities. 

In some double object-glasses the rings can only be seen 
by looking through the convex crown-glass lens AB. In 
one object-glass the four bounding fringes at ar, x (fig. 141) 
united and ^formed a black cross, as shown in fig. 142. 

From a series of experiments, Sir 
David Brewster has found that in 
die object-glass shown in fig. 138, 
the action of the two surfaces 1 , 2 of 
the convex lens AB, and the inner 1 
surface 3 of the concave one CD, 
are necessary to the production of 
these fringes, ai\d hence he concludes 
that the rings arise from the inter- 
ference of two pencils of light, one 
of which has suffered three reflections 
within the convex lens AB, and has passed four times 
through its thickness, with another pencil which has suf- 
fered two reflections within the convex lens, and one re- 
flection from the inner surface of the concave lens, and 
has passed four times through the thickness of the convex 
lens, and twice through the thickness of the meniscus of 
air. 

In a triple object-glass, which gave a system of rings 
similar to that in fig. 141, they were covered with afiother 
system of very minute fringes^ parallel to one another, and 
to the line joining the centres x and x,^ 



Sect. F/.— On the Colours op Double Plates of Glass 
OF Unequal Thickness, and other Analcoous Phe- 
nomena. 

Mr W. Nicholson observed the colours of thick plates Colours of 
in the glasses employed for the sights of sextants, and he double 
considered them analogous to those of thin plates. They plates nf 
have been ascribed, however, by Dr Young,* “to the 
twice reflected in the second plate only.’’ thickness. 

Mr Knox of Belfast® described some interesting phe- Mr Knox, 
nomena already briefly noticed by Dr Young in the article 
Chromatics. Having formed a system of the rings of 
thin plates, by placing a convex lens on a piece of silvered 
glass, he observed the common system of reflected rings, 
and also the transmitted system reflected to his eye by the 
silvered glass. This is shown in fig. 143, where A and B 
are the two systems ; but he was surprised to observe be- 
tween them a system of parallel fringes CDEF, passing 


^ JSdin, Trans.j vol. xii., p, 191, 


» Art, Chromatics, vol. vi., § 6. 


3 Fhtl, Trant. 1815, p. 161. 
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Periodical through the intersection of the two circular systems. These 
Colours, fringes were equal in number to the number or the rings in 
A and B. They were equi- 
distant, reached the edge of 
the lens on both sides, and were 
formed at right angles to the 
direction of the light, and toc^ 
a line forming the centres of 
the systems A and B. 

Mr Knox then tried the 3 
effect of combining two pri- 
mary systems of reflected rings 
in the same manner. With 
this view, he placed a double- 
convex lens, about 36 inches 
in focal length, on a piece of 
plate-glass, with its under side 
painted black, and upon the lens he placed a piece of plate- 
glass. By these means two sets of primary rings were pro- 
duced, whose relative positions could be altered at pleasure. 
By using the shadow of a black card, he found that^ instead 
of parallel fringes as in fig. 143, he had a new species of 
rings of a circular form, from two to three times the diame- 
ter of the primary rings from which they originated. These 
rings passed, as before, through the intersections of the 
primary ones ; and the ring which divided the two classes 
passed through apoint, whose distance from the centre of each 
primary set was in proportion to their longest diameters. 

These rings, which Mr Knox calls intersectionary ones, 
may be made to vary infinitely in their dimensions accord- 
ing as the diameters of the primary sets differ more or less, 
being least where that difiTerence is greatest, and increasing 
in size as the two primary sets approach to equality, until 
at last they become straight lines, when the two primary 
sets are equal. The dimensions of the intersectionary rings 
will also, as Mr Knox remarks, ceteris paridtes, diminish as 
the two primary sets approach, and increase as they recede 
from one another. 

As these intersectionary rings arc almost always accom- 
panied by a second, and sometimes by a tliird set of equal 
or unequal dimensions, Mr Knox supposes that they may 
be produced by primary sets, combined with either trans- 
mitted or reflected sets, provided the two between which 
they are formed are of unequal dimensions. 

Considering the intersectionary fringes as diagonals to 
the angles at which they were formed, Mr Knox conjec- 
tured that if he could form rectilineal fringes by flat plates, 
and combine them at different angles, he would produce a 
third or diagonal set placed between the other two. He 
accordingly took a pair of slips of glass, and by applying 
two of their ends together, and using some friction, and a 
considerable degree of pressure, he formed a fine set of 
rectilineal fringes. By applying a third slip of glass longi- 
tudinally' to the upper one of the first two, he, formed a 
similar set of rectilineal fringes at right angles to the first, 
and he immediately observed the diagon^ fringes, which 
he had anticipated, appear in 
the angle between the two 
primary sets, as shown in fig. 

144, where B and C are the 
primary fringes, and D the 
intersectionary set, divided 
into two classes, as shown by 
the dotted line. By forming 
the second set of fringes at 
different angles with the first, 
the central band of the inter- 
sectionary fringes always bi- 
sected the angle. It is a Fig. 144 . 



curious circumstance, that though the diagonal fringes are Periodical 
formed by the crossing of the two primary sets, yet (they Colours, 
never appear at the opposite angle A, nor could they be 
made to appear in any angle formed by primary fringes, 
unless these fringes were so disposed as to have their red 
sides turned towards each other. 

Dr Young has given an explanation of these curious Dr Young, 
phenomena in the article Curoiiatics,^ to which we must 
refer the reader. 

Mr Fox Talbot upon superposing two films of blown Mr Pox 
glass, and viewing through them a homogeneous yellow Talbot, 
flame, and even the light of the sky, observed bright and 
dark stripes, or coloured bands and fringes, which were 
not produced by either of them separately. These pheno- 
mena, as Sir John Herschel remarks, are obviously refer- 
able to the same principle as the fringes discovered by Sir 
David Brewster, “ the interference taking ])lace here be- 
tween rays respectively twice reflected within the upper 
lamina, and once reflected at the upper surface of the 
lower lamina, the interval between the glasses being sup- 
posed to be exactly equal to the thickness of the upper one, 
a condition which is sure to obtain somewhere when the 
laminae are curved.” ® 


Sect. VIL — On the Colours of Fibres formed by 
Reflection and Transmission. 

Every person must have observed tlie fine thread or line Colours of 
of the spider's web glittering with the brightest colours fibres, 
when the light of the sun is reflected from it to the eye. By 
examining these colouns attentively, they arc found to vary 
with the angle of incidence. The only attempt that we 
know of to explain this phenomenon that deserves notice 
is that of Sir John Herschel : — Thc.se colours,” says he, Spider’s 
** may arise either from a similar cause (namely, that which 
produces colour in a single scratch or fi.ssure, or the inter- 
ference of light reflected from its opposite edges), or from 
the thread itself, as spun by the animal, consisting several 
agglutinated together, and thus presenting not a cylindrical 
but a furrowed surface.” 


On the Colours of Fibres by Transmitted Light 

If wc take a number of fibres of wool, and fix them in Colours of 
parallel directions, as in Fraunhofer's gratings, they will 
of course produce parallel spectra or coloured bands similar 
to those already described. If we take a mass of the same ^ 
wool, in which the fibres have every possible direction, 
they will then exhibit spectra or fringes lying in every 
possible direction, or circular ones. As both these results 
would be equally obtained if the fibres were cut down into 
particles as long as they are broad, we should have parallel 
fringes when the particles are arranged in straight lines, and 
circular ones when the particles are scattered like dust 
upon a plate of glass in all directions. Hence fibres of 
minute particles will produce circular fringes, which increase 
in diameter as the particles are smaller in diameter. 

When we therefore look at a candle placed at a little 
distance, through wool, or cotton, or vapour lying upon glass, 
or diluted blood or milk, or the seed and farina of plants, 

&c., we observe round the image of the candle a light area 
terminating in a dark reddish margin. This is followed by 
a ring of bluish-green light, and then a red ring, and when 
the fibres or particles have a uniform size, the green and 
red rings are frequently repeated. It is to Dr Young that 
we owe the discovery that the diameter of these rings is 
always the same when the size of the particles or fibres is 
uniform and equal, and that they vary inversely as the size 


, ^ Chromatics, iff* 


® Tkmtite on Light , § 606. See also Biot, TrM de Mgsique , tom. iv., p* 246. 
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Periodical of the fibres or particles. On this principle he constructed 
Colours, his Eriometer for measuring the diameter of minute particles 
and fibres, such as wool, &c. It was composed of a plate 
Dr Young’s of brass, or copper, or even card, with an aperture in the 
eriometer. centre about the fortieth of an inch in diameter, and sur- 
rounded by a circle of perforations about half an inch in 
diameter, the number of perforations in the circle being 
about ten or twelve, and as minute as possible. When the 
instrument is constructed on such a small scale, the eye re- 
quires the aid of a lens. The wool, or plate of particles, 
is then attached to the end of a slider, and when the light 
of an Argand lamp, or two or three candles placed in a line, 
so as to unite their flames, is transmitted through the wool 
or particles, the slider is drawn out till the first dark red 
coloured circle coincides with the circle of perforations, and 
the index then shows on the scale upon the slider the 
number which indicates the size of the fibres or particles. 
The basis of this scale, rather an imperfect one, Dr Young 
took from Dr Wollaston’s measure of the magnitude of the 
seeds of the puff-ball, or Lycoperdon hovista, which he 
found to be the 8500th of an inch in diameter. Dr Young 
found the rings formed by these minute seeds to be three 
and a half on the scale of his instrument, and hence he 
assumes the thirty-thousandth part of an inch (more ac- 
curately the 29750th) as the value of a unit on his scale- 
The following results were obtained by Dr Young : — 


Table of the Diameter of Fibres and minute Particles, 

Milk, diluted, very indistinct, about 3 

Lycoperdon hovista, dust of, very distinct........... 3^ 

Blood of a bullock, from beef. 4^- 

Human blood, diluted with water 5 

Smut of barley (male ear) 6 J 

Blood of a mare 6|- 

Human blood diluted with water after standing five days 6}- 

Blood recently diluted with scrum, only 8 

Pus n 

Silk, very irregular 12 

Wool of the heaver, jointed, very uniform 13 

.Angola wool, about 14 

Vigonia wool 15 

Siberian hare’s wool, Scotch hare’s wool, foreign coney wool, 

yellow rabbit’s wool, about 15^ 

Mole’s fur 16 

Skate’s blood 16 

British coney wool, American rabbit’s wool, about 16|- 

Saxon wool, a few fine fibres 17 

Buffalo’s wool 18 

Wool of the mountain sheep {Qvis montane!) 18 

Seal wool, finest, mixed, about 181- 

Shawl wool 18 or 19 

Goat’s wool 19 

Cotton, very unequal 19 

Peruvian wool, mixed, the finest locks 20 

Welsh wool, a small lock of 20 

Saxon wool 23 or 24 

Wool of an Bscurial ram 23 to 24 

Southdown wool 24|- 

liioneza wool, 24 to 29 generally 26 

Paular wool, 24 to 29 generally 25J 

Alpaca wool, about 26 

Laurfestinus, farina of. 26 

By eland merino wool 27 

Merino Southdown wool 28 

Lycopodium seed, beautifully distinct 32 

Southdown ewe wool 39 

Coarse wool, Sussex 46 

Coarse wool, from same, worsted 60 


The diameter of the fibres or particles in the preceding 
table may be obtained in parts of an inch by dividing 
of an inch by the numbers opposite them. The 


diameter of the particles of the human blood will be Periodical 
divided by 5, or the 6000th part of an inch. Dr Cfolou^ 
Yoting has ingeniously observed, that if we square the 
number belonging to the pound of wool, and subtract 
325, the remainder will be nearly the number of pounds 
of v/ool that are worth 100 guineas. In the case of 
good Lioneza wool, for example, whose number is 25, 
we shall have 25 x 25 — 325 = 300 for 100 guineas, or ?s. 
per pound.^ 

In experiments of this kind it would be better to express 
the magnitude of the first ring in parts of the radius, or by 
the angle which the whole ring subtends at the eye. Those 
who have any of Mr Barton’s scales, with the number of 
lines in an inch marked, can easily compare the diameter of 
the first ring produced either by fibres or particles, with the 
distance of the red spaces in the two first prismatic images ; 
and by the rule of proportion he will find the magnitude of 
the fibres or particles. 

. Sect, FI/I. — On the Colours of Mixed Plates. 

The phenomena of colour observed by M. Mazeas, when Colours of 
he pressed between two glasses, suet, Spanish wax, resin, mixed 
common wax, and the sediment of urine, are clearly those plates. 
of mixed plates, though they have not hitherto been recog- j^iazeas. 
nised as such. He put between his glass plates a little ball 
of suet about one-fourth of a line in diameter, and pressed 
it between the two surfaces, warming them at the same time 
in order to disperse the suet. He then rubbed them vio- 
lently together in a circular manner, and was surprised on 
looking at a candle through them to see it surrounded with 
two or three concentric rings, very broad, and with very 
lively and delicate colours, namely, a red inclining to yellow, 
and a green like that of an emerald. By continuing the 
friction, the rings assumed the. colours of blue,yeUoW) and 
violet, especially when he looked through the glasses on 
bodies directly opposed to the sun. 

M. Mazeas® shows very clearly that these were not the 
colours of thin plates, on account of the distance between 
the glasses, and also because the colours disappeared by 
melting the suet; but that they were a new species of 
colours, which he tried in vain to explain. 

M. Dutour® repeated and varied the experiments ofDutour. 
Mazeas, but did not succeed in explaining them. 

Dr Thomas Young, apparently without knowing of the Hr ^ouug. 
experiments of Mazeas, though they are fully detailed by 
Priestley, has described the very same colours under the 
name of the colours of mixed plates, and the merit of dis- 
covery of these colours has been ascribed to him by almost 
all modern writers. The method of producing the colours 
by suet, as given above by Mazeas, is exceedingly simple, 
while many persons have failed in repeating the experi- 
ments described by Dr Young. It is to Dr Young, how- 
ever,' that we owe the higher obligation of having dis- 
covered the general principle to which these colours must 
be referred, though he has not examined the phenomena 
with that attention which they merited. The following is 
the account which Dr Young has given of the colours of 
mixed plates : — 

‘‘I first noticed the colours of mixed plates in looking 
at a candle through two pieces of plate-glass with a little 
moisture between them. I observed an appearance of 
fringes resembling the common colours of thin plates ; and 
upon looking for the fringes by reflection, I found that these 
new fringes were always in the same direction as the other 
fringes, but many times larger. By examining the glasses 
with ,a magnifier, I perceived that wherever these fringes 
were visible, the moisture was intermixed with portions of 


1 See Dr Young’s Introduction to Medical Literature, p. 652. ® Mimoires Presentees, tom. ii., p. 43. 

® Memoires Presentees, tom, iv., pp. 288, 289 ; or Priestley On Vision, vol. ii., p. 506. 
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Teriodical air, producing an appearance similar to dew. I then sup- 
ColduM. posed that the origin of the colours was the same as that 
of the colours of halos; but on a more minute examination 
I found that the magnitude of the portions of air and water 
was by no means uniform, and that the explanation was 
therefore inadmissible. It was, however, easy to find two 
portions of light sufficient for the production of these fringes ; 
for the light transmitted through the water, moving in it 
with a velocity different from that of the light passing through 
the interstices filled only with air, the two portions would 
interfere with each other, and produce effects of colour ac- 
cording to the general law. The ratio of the velocities in 
water and in air is that of 3 to 4 ; the fringes ought there- 
fore to appear where the tliickness is six times as great as 
that which corresponds to the same colour in the common 
case of thin plates ; and upon making the experiment with 
a plane glass and a lens slightly convex, I found the sixth 
dark circle actually of the same diameter as the first in the 
new fringes. The colours are also very easily produced 
when butter or tallow is substituted for water, and the rings 
then become smaller on account of the greater refractive 
density of the oils ; but when water is added, so as to fill up 
the interstices of the oil, the rings are very much enlarged ; 
for here the difference only of the velocities in water and 
in oil is to be considered, and this is much smaller than the 
difference between air and water. It appears to be neces- 
sary, for the production of these colours, that the glasses 
be held nearly in a right line between the eye and the 
common termination of a dark and luminous object; the 
portion of the rings seen on the dark ground is then more 
distinct than the remaining portion ; and instead of being 
continuations of the rings, they exhibit everywhere oppo- 
site colours, so as to resemble the colours of common thin 
plates seen by reflection, and not by ' 
transmission. In order to understand 
this circumstance, we must consider, 
that where a dark object as A (fig. 

145) is placed behind the glasses, 
the whole of the light which comes 
to the eye is either refracted through 
the edges of the drops (as the rays 
B, C), or reflected from the internal ' 
surface (as D, E), while the light 
which passes through those parts 
of the glasses which are on the side 
opposite to the dark object consists 
of rays refracted as before through 
the edges (asF, G), or simply passing 
through the fluid (as H, I). The re- 
spective combinations of these por- 
tions of light exhibit a series of co- 
lours of different orders, since the 
internal reflection modifies the in- Fig. 145 . 



terference of the rays on the dark side of the object, in the 
same manner as in the common colours of thin plates seen 
by reflection. When no dark object is near, both these 
series of colours are produced at once ; and since they are 
always of an opposite nature at any given thickness of a plate, 
they neutralize each other, and constitute white light. 

In applying the general law of interference to these co- 
lours, as well as to those of thin plates already known, it is 
impossible to avoid a supposition which is a part of the 
undulatory theory,-- that is, that the velocity of light is the 
greater the rarer the medium ; and there is also a condition 
annexed to this explanation of the colours of mixed plates, 
as well as to that of the colours of simple thin plates, which 
involves another part of the same theory, — that is, that 
where oiw of the portions of light has been reflected at the 
surface of a rarer medium, it must be supposed to be retarded 


one-half of the appropriate interval ; for instance, in the Periodical 
central black spot of a soap-bubble, where the actual lengths Colours, 
of the paths very nearly coincide, but the effect is the same 
as if one of the portions had been so retarded as to destroy 
the other. From considering the nature of this circum- 
stance, I ventured to predict that if the two reflections were 
of the same kind, made at the surfaces of a thin plate of a 
density intermediate between the densities of the mediums 
containing it, the effect would be reversed, and the central 
spot, instead of black, would become white ; and I have 
now the pleasure of stating that I have fully verified this 
conclusion by interposing a drop of oil of sassafras between 
a prism of flint-glass and a lens of crown-glass ; the central 
spot seen by reflected light was white, and surrounded by 
a dark ring. It was, however, necessary to use some force 
in order to produce a contact sufficiently intimate ; and the 
white spot differed even at last in tlie same degree, from 
perfect whiteness, as the black spot u.sually does from per- 
fect blackness. There are also some irregularities attend- 
ing the phenomena exhibited in this manner by different 
refracting substances, especially when the reflection is total, 
which deserves further investigation.” 

We are not aware that these interesting experi- Later ex- 
ments of Mazeas and Dr Young have been repeated by pericueuts. 
any modern writer, our treatises on optics containing 
merely an abstract of Dr Young's results. The subject has, 
however, been taken up by Sir David Brewster, who found 
that the colours of mixed plates, in place of being merely 
the result of an experiment, was a natural phenomenon of 
a very interesting kind, which frequently presented itself 
in the examination of minerals. He was therefore led to 
attach a greater interest to the phenomena which they 
present. 

In order to produce these colours so as to be permanent, 
he found that the froth of albumen (the white of an egg 
beat up into froth) ground circularly, as it were, between 
two thick plates of glas.s pressed firmly together, when the 
circular motion is stopped, exhibits the colours very splen- 
didly. The glasses may then be held together by wax or 
by screws. If we desire to have a circular system of rings, 
we must use a convex lens in place of one of the plates. 

Whipped cream answers also very well ; but paste that has 
become very smooth by age he found preferable to any other 
substance which he employed. When the experiment is 
successfully made, the colours are extremely splendid, the 
flame of a candle or other luminous body being of a bright 
colour complementary to that of the coloured light which 
surrounds it. 

Upon looking with a microscope at the albumen or paste 
thus pressed into a film, it is found to resemble accurately 
the strata of cavities containing the new fluids, and some- 
times water, as in sulphate of lime, &c., the paste being 
sometimes found in separate ramified patches of all shapes 
surrounded with air, while on some occasions numerous air- 
cavities are included in the paste. 

Although Dr Young was correct in ascribing the colours 
of mixed plates to the interference of rays moving with 
different velocities in passing through the two contiguous 
media, yet his analysis of the phenomena is imperfect, and 
his determination of the interfering pencils incorrect. In 
his 39th lecture he ascribes the colours seen in the dark 
part beyond the object to the light scattered irregularly 
from the surfaces of the fluid and in his description of 
fig. 145 above quoted, he specifies as the interfering por- 
tions which produce the colours, — rays reflected from 
the internal surface of the cavities with rays refracted 
through the edges of the drops, and rays refracted through 
the edge with rays simply passing through the fluid. That 
the colours of mixed plates are not produced either by re- 


^ Elements of Natural Philosophy, vol. i., p. 47 0. 
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Periodical fracted or reflected pencils is at once proved by the fact, 
Colours, that the same colours may be produced when the most 
refracting medium is terminated by a fine edge, and is itself 
a plate with perfectly parallel surfaces, so that there is no 
edge to reflect light, and no inclined faces to refract it. 
Having obtained tliis result, Sir David Brewster viewed 
the subject in another aspect, and has shown that the phe- 
nomenon is entirely one of inflection caused by the edge 
of a transparent inflecting body sufficiently thin to produce 
colours by the interference of the retarded light passing 
through the body close to its edge, with the light passing 
without the body close to its edge. The same pencils which 
interfere in the common case of a diffracting body interfere 
in the present case ; but the pencils that pass through the 
transparent plate are modified by the retardation which 
they experience, so as to produce the phenomena of colours. 
The oppositely coloured pencils in mixed plates form part 
of the system of diffracted fringes, the colour seen upon the 
luminous body occupying the shadow of the difiracting edge, 
and the opposite colour seen around or beside the candle 
occupying the first fringe on each side of tlie shadow. 
The colours in the fringe on the left hand of the shadow 
of the diffracting edge are seen by the eye on the right 
hand side of the candle, and those in the fringe on the 
right hand of the shadow are seen by the eye on the left 
hand side of the candle. 

All the preceding phenomena may be produced by break- 
ing down a thin transparent plate into minute portions, and 
making these portions to float in a fluid, or placing them 
between two plates of glass containing a fluid of nearly the 
same refractive power as the solid portions. The solid por- 
tions will thus act like much thinner plates placed in air, 
and we shall observe the identical phenomena which take 
place with the cavities in paste or albumen. When we 
examine with the microscope a very narrow portion of the 
solid substance bounded by lines nearly parallel, we perceive 
the phenomena of mixed plates under a new aspect The 
space between the shadow of the two edges is filled up 
with a bright band of the colour which occupies the two 
first external fringes ; and as the innermost fringe of each 
edge overlap each other, the colour has double tlie inten- 
sity. The same phenomenon is often seen in the parallel 
ramifications, or in the long cavities produced by the paste 
or albumen, when the last act of friction was to move one 
of the plates of glass in a straight line. 

The phenomena of mixed plates have been discovered 
by Sir David Brewster in sidphate of lime, in which there 
are shallow crystallized cavities in great numbers, forming 
regular strata in the mineral. These cavities are filled with 
water, and in this case the diffracting edge is the edge of 
the cavity, and the light which passes through the water 
has its velocity greater than that which passes through the 
solid mineral. 

In one remarkable circular stratum of cavities, all the 
cavities in the centre were the deepest, and gradually dimi- 
nished in depth towards the circumference, till the micro- 
scope could scarcely resolve them. The highest orders of 
colours were therefore in the middle of the stratum, and 
they gradually descended to a white of the first order, at 
the circumference of the circular stratum.^ 

An interesting experiment, published by Fox Talbot, 
Esq.,® is a phenomenon of mixed plates, in which the 
densest of the plates is too thick to produce the colours at 
its edge in common light. “ Make,” says he, ‘‘ a circular 
hole in a piece of card of the size of the pupil of the eye. 
Cover one-half of this opening with an extremely thin film 
of glass (probably mica would answer the purpose as well, 
or better). Then view through this aperture a perfect spec- 
trum formed by a prism of moderate dispersive power, and 

1 See Phil, Tram, 1837, p. 73. 
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the spectrum will appear covered throughout its length Double 
with parallel obscure bands resembling the absorptions pro- Refraction, 
duced by iodine vapour. The cause of this phenomenon 
probably is, that one-half of the light which passes through 
the glass film has its undulations thereby retarded by a cer- 
tain quantity.” 

This phenomenon, which we have observed under various 
modifications, arises from the diffraction of the light passing 
on each side of and very close to the edge of the film ; for 
if we cover this edge even with a fine wire, we obstruct the 
diffracted fringes modified by the retardation of the denser 
plate, and the phenomenon vanishes. Hence, in order to 
see the fringes in perfection, we must make the aperture 
no wider than to include the space on each side of the 
edge of the film within which the light passes that is con- 
cerned in the phenomenon. As the light here used is 
perfectly homogeneous, the bands are alternately coloured 
and obscure. 

Sir David Brewster has observed the fringes described 
by Mr Talbot with thick plates having fine edges, and im- 
mersed in fluids, and even with plates of glass the fifteenth 
part of an inch thick, by looking through their edge upon 
a highly-dispersed spectrum formed by a large refracting 
angle of a prism, and magnified by a powerful telescope. 

The perfection of the edge of the film, and an equality of 
thickness, are essential to the production of the fringes in 
their most interesting form. Sir David Brewster obtained 
them by looking through plates of sulphate of lime, where 
there were not properly speaking plates of different refrac- 
tive powers, but where the plate suddenly became thicker, 
as shown in the annexed figure, where AB, FC is the 
plate of sulphate of lime, j- p - B| 
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which becomes thicker at 
F. When the eye looks 
through it at the spectrum i'll* 

in the direction FD, it sees the fringes, which have the 
same magnitude as if the plate ADB were removed, and 
the eye looked only through the plate CF, in which case 
it is clearly a phenomenon of mixed plates. 

When these dark lines were produced in great perfec- 
tion, they had a sort of granular structure resembling fine 
screws at their edges, and sometimes appearing to inclose 
minute specks of light; Several other remarkable pheno- 
mena accompanying these fringes were communicated by 
the author to the British Association at Liverpool. This 
interesting experiment has been the subject of several 
communications to the British Association by Sir David 
Brewster, and of two papers by Mr Airy, and one by Pro- 
fessor Stokes, in the Philosophical Transactions* 


Paet VI.-ON THE DOUBLE REFRACTION OF 
LIGHT. 

In the preceding part of this ‘article we have supposed Double ro- 
that when light is transmitted vertically through the sur- fraction, 
faces or through the mass of transparent bodies, or when it 
passes obliquely and is refracted by the same bodies, it 
leaves the surffice or emerges from the body in a single 
pencil, either perfectly white, or decomposed into a diverg- 
ing beam of coloured light. This supposition is perfectly 
correct, under certain circumstances, for gaseous and fluid 
bodies, for glass slowly and equally cooled, and for a nu- 
merous class of crystallized bodies, whose primitive form is 
either the cube, the regxdar octohedronyox the rhomhoidal 
dodecahedron* When these bodies have the same tem- 
perature and density throughout their mass, and are not 
exposed to any pressure, a pencil of light will be trans- 
mitted through them single, according to the laws already 
explained. 


4 K 


TOL. XVI, 


* Lond,, and Edin^ Phil. Mag», May 1837, p. 364* 
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DouTjle When a pencil of light falls upon all other bodies, such 
Ilefractiou.as artificial crystals, or salts or crystallized minerals, which 
have not the above primitive forms; upon animal substances, 

, such as bone, horn, shell, hair, crystalline lenses of animal 
and elastic integuments ; upon vegetable bodies, such as 
particular leaves, stalks, and seeds ; upon artificial bodies, 
such as gums, resins, jellies, and solid bodies that have a 
variable density, during the transient passage of heat, or 
from rapid cooling, or unequal temperature and pressure : — 
when a pencil of light falls upon such bodies, it will be 
refracted into two distinct pencils, more or less inclined to 
each other according to the mechanical condition of the 
body, or to the direction in which the pencil passes through 
it. In some minerals and artificial crystals this refraction 
of the two pencils is very great, and, generally speaking, 
is in such crystals easily observed and measured ; but in 
some cases it is not visible unless by transmitting the light 
through prisms of the body with large refracting angles ; 
and in very many cases, the existence of two pencils is in- 
ferred only from certain other properties, which always ac- 
company the property of giving double pencils. This se- 
paration of a single pencil into two is called double rtfrac- 
tion^ and the bodies which have such a property are called 
douhly-T^racting crystals or bodies. 

In many regular crystals there is one line through which, 
if a single pencil of light is transmitted, it does not ex- 
perience double refraction. This line is called the axis of 
the crystal^ or the axis of double refraction^ and such crys- 
tals are denominated crystals with one axis of double re- 
fraction. In other crystals there are two lines through 
which, if the single pencil of light is transmitted, it does 
not experience double refraction. Such crystals are de- 
nominated crystals with two axes of double refraction. We 
shall treat of these two classes in separate sections. 

Sect, L — On the Law of Double Refraction in 
Crystals with One Axis. 

Bartholinus discovered the property of double refrac- 
tion in the mineral called Iceland spar^ calcareous spar^ 
or by chemists, carbonate of lime ; and it is well fitted for 
exhibiting the phenomena, owing to its perfect transpa- 
rency, and the great separation of the two pencils. This 
rnineral consists, according to Stromeyer, of 56*15 parts of 
lime, and 4^*7 of carbonic acid. It 
crystallizes in the form of an obtuse 
rhombohedron, as shown in fig. 147, 
where ABCB', AB'CB", &c., are the , . . , 

faces of the rhombohedron, and AA' /...VX 

the axis of the rhombohedron, or the 
line joining its two obtuse angles. 

The following are the dimensions of 
the crystal, as given by Malus, who observes that the first 
angle, from which all the rest are derived, is within ten 
seconds of the truth. 

Inclination of the faces ABCB', AB'C'B" 105® 5' (F 



Fig. 148. 



Fig. 147. 


Inclination of the faces ABOB', A'CBC" 74 

Plane angle between the edges AB, AB' ..!!..'!!.'!!! 101 

- ^ » AB, BO 78 

xnclination of the faces to the axis AA^. ,,,, 45 

Angle between the edges AB, AB', &c.‘’ and the 
axis AA' 66 44 45 

A'CBO", &c. 70 

Iien^ cif the diagonal AA', the sides AB.' ab' 
being nmty ’ j.gggg 

cleaves equally in planes parallel to all 

rarate rhombohedron in which all the three sides AB, AB' 
Aij , are equal ; but for the purposes of expe . .. is 


55 0 
65 0 
4 59 
23 26 


8 12 
51 48 


sufficient to have a piece with two smooth and parallel faces DonWe 
formed by cleavage, or ground and polished parallel to the Refraction 
cleavage planes. 

Let AX (fig. 148) be such a piece of Iceland spar, and 
ABDC its upper surface. If we place its lower surface 
upon a piece of paper 
having a black line MN 
drawn upon it, and if we 
place the eye above the 
upper surface, we shall see 
the line MN distinctly 
doubled ; or if it should 
appear single, the two 
images will separate by 
turning the spar a little 
round, and the line will 
appear double as at MN 

and mn. The one line will be found to coincide with the 
other when MN is parallel to AD, the short diagonal of 
the rhomboidal face ABDC, and the lines will appear most 
separated when MN is parallel, as in the figure, to the long 
diagonal BC. If a black spot placed at O is used in place 
of a line, it will appear double in every position ; and in 
turning the crystal round, the other image E will seem to 
revolve round 0. 

The best way, however, of showing the double refraction 
of the Iceland spar is to make a ray of light Rr fall upon 
the crystal at r. This ray will be refracted into two pencils 
or rays rO, rE, and these will be again refracted at the 
second surface of the spar in directions E^, Oo, parallel to 
the original ray Rr. If we measure the angles of refraction 
of the fixed ray Oo, corresponding to several angles of 
incidence from 0° to 90®, we shall find that these angles are 
always to one another in the constant ratio of I to 1*654, 
and that the refracted ray rO is always in the plane of 
incidence. It follows, therefore, that this ray is refracted, 
as in water and glass, according to the ordinary law of re- 
fraction discovered by SnelJius. Hence it is called the 
ordinary ray. But if we make the same experiments on 
the other ray rE, we shall find that at an incidence of 0®, 
in place of passing on unrefracted, it is actually refracted 
6 12'; that at other incidences its angles of refraction are 
not regulated by the law of Snellius, and that the ray rE 
is not in the plane of incidence. We conclude, therefore, 
that the ray rE is refracted according to some new or ex- 
traordinary law which remains to be investigated; and 
hence the ray rE is called the extraordinary ray. 

If we grind down the two solid obtuse angles A, A' (fig. 

147) so that the ground surfaces are perpendicular to the 
axis AA', and if we polish their surfaces, and transmit a ray 
perpendicularly through them, so as to be parallel to the 
axis AA, we shall find that there is only one refracted ray ; 
and hence there is no double refraction along the axis. 

Now this line A A' is not a fixed axis like that of the earth ; 
it is merely a fixed direction^ for every line parallel to 
AA' enjoys die property of an axis, as there is no double 
refraction in lines parallel to AA'. 

In order to obtain an accurate idea of the law of extraor- 
dinary refraction, or that by which the extraordinary ray rE 
is regulated, let us take a rhomb, such as that shown in fig. 

147, and grind it into an accurate sphere, and then polish it. 

Let ACBD (fig. 149) be such a sphere, AB being its avift 
of double refiraction, corresponding with “ 

AA' in fig. 147, and let O be its centre. 

If we now bend a piece of sheet-lead or 
sheet-copper into an arch ADB, and mak- b 
ing a small hole in it opposite to A, and 
another opposite to B, cement a handle to 
it about D, it will enable us, in the follow- 
ing manner, to detect the general law of 14 a. 

extraordinary refraction. The use of the two holes in thk 
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Double experiment is to insure that the light admitted through 
Refraction, one of them, and emerging at the other, shall pass through 
the centre O of the sphere. Let one of the holes be now 
placed in the surface of the sphere at A, and the eye at the 
other hole at B, the hole will appear single, showing that 
the double refraction is there nothing. Let the hole be 
shifted gradually from A to C, and the other hole will move 
from B to D. In the different positions from A to C, it 
will be seen that the hole begins to become double on 
leaving A, and that the distance of the two images of it 
gradually increases from A to C, where it becomes a maxi- 
mum. The same result will be obtained by making the 
hole move from A to D, or in any quadrant of the sphere 
passing through the holes A and B. The very same result 
will be obtained if the hole moves from B to C, or from B 
to D. If we now make one of the holes move along the 
equator COD, we shall find that by placing the eye at the 
other hole, the distance of the images will be exactly the 
same, or the double refraction the same in every part of 
the equator. Hence the general law of double refraction in 
crystals with one axis is a very simple one : it is nothing at 
the poles; it increases gradually from the poles to the 
equator, where it is a maximum ; it is the same in the same 
parallels of latitude ; and the preceding experiments will 
also show that the line joining the centres of the two images 
is in the plane of the meridian. 

Let the index of extraordinary refraction be now mea- 
sured at the pole A, where it is the same as the ordinary 
index, and at the equator C, and it will be found to be 
1*654, or rrij in the former case, and 1*488, or in the 
latter. Now Huygens was led, by a theory which has 
been explained under Chromatics, to the following law, 
which he verified by experiment, and which has been 
confirmed by the experiments of Wollaston, Malus, and 
other philosophers. Upon the axis AB of the sphere 
(fig. 149) describe an ellipse AcBc?, whose lesser axis 

AB is to its greater axis cd as -i- is to or as to 

1 ® m 1*654 
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1-488’ 


or as *604 to * 674 ; and if an oblate spheroid is 


supposed to be generated by the revolution of this ellipse 
round its lesser axis AB, the reciprocal of the index of re- 
fraction of the extraordinary ray at any point of the spheroid 
will be measured by its radius at that point 5 that is, if 

Ra60 is a ray incident at the radius will be the 

extraordinary index of refraction for that ray. If we there- 
fore make 

<p = RO A, or the inclination of the incident ray to the axis, 
the major axis of the spheroid, 
r= AB, the lesser axis ; 

then it may be shown, as Malus has done,^ that 

Rr ^ 

sin^ ip + R’^ cos^ p)’ 

and as the index of refraction of the extraordinary ray is 
the reciprocal of this radius, we have 

V(r^ sin^ (p + R’^ cos^ <p) 

Rr 




^;or 


, 1 /R“-r^\ . 


In the case of Iceland spar, we have 

m'^^2-736693 -0*536510 sin^ cp ; or 
w'=V^2*736693 -0*536510 sin'^p. 

As the index of extraordinary refraction thus found is 
always equal to the index of the ordinary refraction, minus 


another quantity which depends on the difference between Double 
the radius of the sphere and that of the spheroid, the crys- 
tals in which this happens may be called negative doubly- 
refracting crystals. 

The preceding law of double refraction was believed by 
Malus to be universal, and applicable to all crystals that 
had this property. M. Biot, however, discovered that in 
quartz or rock-crystal the extraordinary ray had its index 
of refraction mi greater than the ordinary index m. This 
mineral crystallizes in six-sided prisms, as shown in the 
annexed figure, terminated by six-sided pyra 7 
mids, A and B. If we grind down and polish 
the summits A and B of a large crystal, perpen- 
dicular to the axis AB, and if we determine the 
index of refraction when the rays pass along 

AB, we shall find it to be as Malus found it, 

1*5484, and without any double refraction, and 
1*5544 in a direction perpendicular to the axis. ® 

If we now grind the crystal into a sphere I’ig-iso. 

ACBD (fig. 151), and if we perform the very same experi- 
ments with it as we did with Iceland spar, we shall obtain 
analogous results. The double refraction will be found to 
increase from the poles A, B to the equator CD, and to be 
the same in every part of the equator, and in each parallel 
of latitude ; the only differences between it and calcareous 
spar being, that the double refraction is less, and that the 
index of refraction of the extraordinary ray is always greater 
than that of the ordinary ray. 

The extraordinary refraction of quartz will, therefore, as 

M. Biot has shown, be represented by a prolate spheroid 
generated by the revolution of the ellipse AcBd, whose 

greater axis AB is to the lesser cd as v:irVo ' ; is to ^ 


1*5484 

or as *6458 is to *6418. Hence, if R5aO 
is a ray incident on the sphere at 5, the 

1 

Oa 

dinary refraction for that ray. Hence we 
Rr 

shall obtain OeJf= — T>?Tr-:^»and 


1*5544’ 


radius 


will be the index of extraor- 


' sin^(p — R* cos ® 





/R2-r2\ . 2 


Tig. 151. 


As the index of extraordinary refraction, therefore, is equal 
to the index of ordinary refraction, 'plus another quantity 
depending -on the difference between the radius of the 
sphere and that of the prolate spheroid, crystals which have 
this property may be called positive doubly-refracting 
crystals. 

The following geometrical rule for finding the direction 
of the extraordinary ray, when the incident ray forms dif- 
ferent angles with the axis, given by Huygens,* may be in- 
teresting to some of our readers. 

Let CGHF (fig. 152) be what 
is called the principal section of 
a crystal of calcareous spar, &c., < 
or a plane passing through the 
axis, which will be in the direc- 
tion CH. Let SK, VK be rays 
incident on that plane upon the 
surface CG, and equally inclined 
to IKL, perpendicular to the 
surface at the point of incidence 
K; then if KM is the refracted 
ray corresponding to a ray IK 
incident perpendicularly, the other rays VK, SK will be re- 
fracted in directions KT, KX, so that TM is equal to XM. 

Although the determination of the extraordinarily re- 
fracted ray is very simple, when the crystal is supposed to 



Tig. 152. 


1 .Thtorit de la J)qu 1}U Infraction, p. 143. 


? Traits de la Lumt^re, sect. 17. 
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DouMe be spherical, yet the formula becomes complicated when we 
Befiraction. suppose the ray incident in any given direcbon upon a 
'-Wnatoal surface of Iceland spar. Mus b^ investigated 
such a formula, but our limits will not allow us to give 
more than the resulting expression. 

Making & =the angle of incidence, 

ffs=the angle of extraordinary refraction, 
a- sstlie azimuth of incidence, or the angle which 
the plane of incidence forms with the axis, 
,'=the same angle for the extraordinary ray, 
X=the inclination of a line perpendicular to the 
face of incidence to the axis of the crystal, 

A = R‘ sin“ X + r* cos*, 

C'5:slnXcosX(R*— r*). Then 

Ry sin cos ar 

tan d, co»’r’ = AVA-R* sin* d(r* cos* ^+A sin* 

^ , R* sin 6 sin tt 

and tan ff sidt — “- /x . .rAf T ' a'" -“T 

V A - 11^ sm-* 6 (r* COS'* -f A sin* ^r) 

When the refracting surface is parallel to the axis (as in 
the six-sided prism of calcareous spar), we shall have X=90, 
in which case A = r* and C = 0. The formula then becomes 

^ sin 6 cos tt 

tan d cos 


constniction. Let EBH (fig. 153) be the elliptical section Double 
of the oblate spheroid which regulates the doable refraction Refraction, 
of the crystal, formed by the surface upon which the ray is 
incident. Let the ray RC fall upon its centre, and let 


tan 0 sin 7r== 


• sin* 6 (r* cos «*+ R^ sin* tt) 
R sin B sin rc 


tan ff!= 


r sin 


R * Vl-r*sm*tf > 
or, by substituting r sin B for its equal sin B, wc have 

r sin B 


tanfl' = 


V 1 - r* sin S’ 


which substituted in the general formula, gives 
tan B, 

When the refracting surface is perpendicular to the axis 
of the crystal^ as in the chaux carhonatee basic of Hauy^ 
then and A=:r*, and C=0. Hence 

tan 9 sin V = ^ ®'" ”■ 


tan 


R* sin B 


Vl - sin^ B (r^ cos* tt + sin^ rr) ’ 
and dividing the one equation by the other, we have 

* ' 

tan TT =— irtan rr. 

When the refracting surface is parallel to the axisy and 
the plane of imidence perpendicular to the axis, then ttss 
w=s=90°, or A =90; consequently cos 7r'=0, and the first 
equation becomes 

R sin . /I, 

tan 0 = ^^d sin 6 = R sin o. 

VI — R sin ** B 

When the refracting surface is parallel to the axis, and 
the plane of incidence passes through the axis, in which 
case the refraction is in the plane of a principal section, 
then 7r=7r =0'’, the second equation becomes 



F=, 


rVr-R*sin*<9’ 

tan 6 cos j^ sin ^ cos w 

Vl-R*sin*d 

and dividing the one equation by the other, we have 
tan =tan tt, and V= 7 r, 

which shows that the refracted ray is in the plane of the inci- 
dent ray. Hence we obtain from the preceding equation 


w. — — 

a convex lens, 

d = distance of the radiant point, 
a = larger semi-axis of the spheroid of double re- 
fraction, 

h = shorter semi-axis of ditto, 

F= focal length for the ordinary ray, 
jf= focal length of the extraordinary ray, when 
d is infinite, or the rays parallelj and 
( 3 ?= focal length of tiie extraordinary ray required. 

Then Malus has shown that 

^ ci^hdrr^ , 

^ </(r+r') (26* - a" - a*6) - a^brf ' 

— br/ 

‘(r+2*') (1 

When the radii r, f are equal, or the lens equally convex, 

, d^hdr 

we have 

(fhr 

If we suppose a to be equal to b, or the spheroid to 
become a sfihere, by which the ordinary refraction is regu- 
lated, wc obtain for the ordinary ray 

br 

Hence the difference between the ordinary and extra- 
ordinary focal lengths will be 

'-F=2F 2b^-d^-d‘b 

If we change the signs of r and r in these expressions, 
they will apply to concave lenses. 

If we now take Iceland, spar, and suppose the lens to be tonses of 
formed of that substance, we have only to substitute in the 
preceding equation the following values of a and V ^ 


Vl-f^sin*^’ 

In order to find the path of the extraordinarily refracted 
ray, Huygens has given the following elegant geometrical 


'«=0*6741717 . »! = 1-65429 

i=0-604487l5 w = l- 


•48330, 


we obtain 


® = - r . 8-8228602 /- F = - F . 1 14-4546 
F=-r. 0-764180 


1 Mdus, Thwrit, Sc., p. 278, sect. 66, 
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In the case of quartz or rock crystal^ where 
« = 0*645813 «i=l*558l76 


6=0-641776 


m ==1*548435 


we obtain 


(P = - r . 0-962824 /- F = - F . 0-074846 
F=-r. 0-895775 

In all lenses of the same substance, the ratio of/to F 
will be constant, whatever be the form of the lenses, pro- 
vided the incident rays are parallel. If, in the general 
expression of (Z), we make d infinite, we have 
a^brr 

and making « « 0, we have for the ordinary ray, 

hrr , tf^(l — 6) 

“7 ttTt — zA* whence -=^' 

(»•+/)( 1-6) F 


F= 


Crystals 
with one 


— Iodoform, S. 

— Ruby silver. 

^ Hyposulphite of lime, B. S. 

— „ of strontian, S. 

— Sulphate of glucine, S. 

— Hepheline. 

+ Hydrate of magnesia 
(Brucite). 

+ Quartz. 

4- Amethyst. 


4- Willemite, Bx. 

4- Leuchtenbergite, ? Dx. 

4- Parisite, Dx. 

4- Greenockite, Miller. 

4- Sulphate of potash, S. 

4- Hyposulphate of lead, S. 

T Oxide of zinc, sublimed, Dx. 
4- Spartalite, Dx. 

4- loduret of silver, Dx. 

4- Phenakite. 


Double 

Refraction. 


26^ - <2^ - a^b 
a result independent of the values of r and r 

The focus of the rays refracted extraordinarily by a 
doubly-refracting lens, becomes more and more distant, as 
the axis of double refraction of the crystal approaches to 
the axis of the lens; and the preceding formulae apply 
solely to the case where these two axes are parallel, as it is 
only in that case that such lenses can be of any use. 

List of the ' Primitive Forms and Crystals which ham one 
axis of Double Befraction, 

From a very extensive series of experiments on the 
double refraction of crystallized bodies, Sir David Brewster 
was led to the general law, that all crystals whose primitive 
form has only one axis of figure, or one pre-eminent line, 
round which the matter of the crystals is symmetrically 
arranged, had also one axis of double refraction, and that 
their axis of figure was likewise the axis of double refraction. 

The following are the primitive forms which possess this 
geometrical and optical property : — 

The rhombohedron with an obtuse summit. 

The rhombohedron with an acute summit. 

The regular six-sided prism. 

The octohedron with a square base. 

The right prism with a square base. 

Table of Crystallized Minerals and other bodies which have 
one axis of Double Befraction,^ 

In the following table the crystals are arranged under 
their primitive forms, so far as these forms have been de- 
termined by crystallographers. The sign 4* indicates tliat 
the crystals have positive double refraction, like quartz, and 

— that they have negative Iceland spar , 

1. Bhombohedron with an Obtuse Summit (Fig. 154) 

— Phakolite, Dx. - Ruby silver. 

— Kitrato of Hthine, Dx. •— Levyne. 

— Carbonate of lime (Iceland - Tourmaline. 

spar). - Rubellite. 

— Carbonate of lime and iron. — Aulunite. 

— Carbonate of lime and mag- — Gmelinite. 

Chlorate of soda, 

— Phospbato-arseniate of lead. 4- Dioptasp. 

— Carbonate of zinc. 4- Chabasio Andreasberg, Dx. 

— Nitrate of soda. 4- Succinate of lithine, Dx. 

— Phosphate of lead. 

2. Bhombohedron with Acute Summit (Fig. 155.) 

— Corundum. — Arseniate of 4* Cinnabar. 

-- Sapphire. copper. 4* Eudyalit^Dx. 

— Ruby. ■“ Suzannite, Dx. 4* Pennine D Ala, Dx. 

3. Regular Six-sided Prism, (Fig. 156.) 

— loduret of lead. - Apatite. 

— „ of cadmium, Dx. - Muriate of lime, 

— Emerald. - » . of strontian. 

— Arseniate of lead. — Eukolite, Dx# 

— Beryl. — Pyrosmalite, Dx. 



Pig. 154. 
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Pig. 156. 


4. Octahedron with a Square Base. (Fig. 157.) 


Mellite. 

Molybdate of lead. 
Octohedrite. 

Muriate of potash. 
Cyanide of mercury. 

A. 


4- Zircon. 

4- Oxide of tin. 

+ Tungstate of lime. 

4- Metatungstate acid of am- 
monia, Dx. 



Pig. 158. 


5. Bight Prism with a Square Base, (Fig. 158.) 

■ A rv X IT 


— Idiocrase, 

— Wernerite, 

— Paranthine or scapolite. 
Meoinite. 

— Somervillite, 

— Edingtonite. 

— Arseniate of potash, 

— Matlockite. 

— Arseniate of ammonia. 


— Pennine from Zermat, Dx. 

— Melinophane, Dx. 

— Clintonite, Dx. 

— Bed ioduret of mercury. 

-f- Apophyllite of XJton. 

4- Oxahverite. 

+ Superacetate of copper and 
lime. 

4- Titanite. 


— Sulphate of copper & ammonia. 4- Ice, certain crystals. 

— Subphosphate of potash. Murio-carbonate of lead. 

— Phosphate of ammonia and 4” Calomel, S. 

magnesia. 4* Phosgenite, Dx. 

— Sulphate of nickel. 4- Rutile. . « . p 

— Sulphate of nickel andcopper. 4- Hydrofluate of the fluorine ot 

— Hydrate of strontites. potassium, Dx. 

-- ChioUte, Dx. + Cyanuret of magnesium and 

— Gehlenite. platinum, Dx. 

— Dipyre, Dx. + Prussiate of potash, yellow. 

— MelliUte, Dx. + Urea, Dx. 

— Apophyllite of Cziclowa. + Sarcolite, Dx. 

— Chalcolite, Dx. 

The following crystals and organized bodies have one 
axis of double refraction, but their primitive form has not 
been accurately determined. 

_ XanthopMlite, Dx ^0'“*°“ 

— Brandisite ^ ^ 

Mica from various localities... Perpendicular to laminm. 

Mica, with amianthus Perpendicular to laminae. 

— Nacrite (See Phil, Prans., | perpendicular to laminae. 

+ Borache.!.'... ......* Axis of rhomb of SO®. 

+ Apophyllite (mrcompoiU of j perpendicular to the table. 

Hauy) J ^ 

4- Sulphate of potash and iron... Axis of six-sided prism. 

4- Kalapleite,Dx Axis of hexagonal plates. 

4 Chlorite, white, Dx 

Tortoise-shell (Sir J . Herschel) _ 


; rs d.. v m. a. (» a... ^ a, ». ^ 

S. by M, 8enarmont (see Auh. dc Chim. cl da Phu^ , 3d hciie-s torn xxx.ii } 
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Fig. 159. 



Sect IL — On the Law op Double Refraction in 
Crystals with Two Axes. 

When M. Malus published his theory of double refrac- 
tion, and even so late as 1816, all crystals were believed to 
have only one axis of double refraction, one of the rays be- 
ing refracted by the ordinary law, and the other by the ex- 
traordinary law, above explained. During the examination of 
an extensive class of minerals and artificial salts, Sir Da- 
vid Brewster was led to the discovery of crystals with two 
axes of double refraction. 

The general character of the phenomena presented by 
such crystals will be understood from fig. 

15 9^ where we may suppose, as before, 
the crystal to have the form of a sphere. 

In place of there being one line along 
which there is no double refraction, 
there are two such as POp, P'Op', in 
which the incident pencil is not divided 
into two. The double refraction in- 
creases on each side of these axes, from 
P, to C and A, and from P' to D and A. 

The double refraction increases in the very same manner 
from p to C and B, and fromp' to D and B, according to a 
law which will afterwards be explained. 

In continuing his investigations, Sir David Brewster 
found crystals in which the axes POp, P'Op' formed 
all possible angles with each other from 0^ up to 90^^, and he 
was led also to the important result, that these two axes 
were not real axes of double refraction like those in uniaxal 
crystals, but were only resultant ojxes^ as he called them, or 
axes of compensation. The grounds on which he formed 
this opinion were, that these lines POp, P'Op' had no relation 
whatever to any fixed or permanentlmesintheprimitiveforra 
of the crystals, like the axes of uniaxal crystals, and that the 
double refi’action did not altogether vanish along these lines, 
as in Iceland spar and other minerals with no axis. He was 
led to these results, not by measuring the double refraction 
itself, but by the phenomena which will be presently ex- 
plained. At this time it was the opinion of our author, and 
afterwards that of M. Biot and other distinguished philoso- 
phers, that in hiatal as in uniaxal crystals, one of the rays 
was refiracted according to the ordinary law of Snellius, 
and the other according to an extraordinary law, and hence 
the investigation of the extraordinary law occupied the at- 
tention of our author. 

In commencing this inquiry, he assumed as the two real 
axes of double refraction, the line AB bisecting the angle 
formed by the apparent or resultant axes POp, P'Op', and 
another line at right angles to it, viz. either the line CD, 
or the line perpendicular to it passing through O. 

If the principal axis AB is positive^ then if we assume O 
as the second axis, it must be taken positive also ; but if CD 
is assumed as the second axis, it must be taken negative. 
Now, it is obvious that if we take AB as a. positive^ and CD 
as a negative axis, the double refraction in the direction 
AB is the maximum double refraction of the axis CD, be- 
cause the effect of the axis AB is here nothing. In like noan- 
ner, the double refraction along CD is a measure of the 
maximum double refraction of the axis AB. Hence we 
can easily ascertain the relative intensities of the doubly 
refracting force of each axis AB and CD. Having done 
this, the next step was to compute the double refraction at 
the point P produced by the positive axis AB acting alone 
as a single axis, and also the double refraction produced at 
the same point P, by the negative axis CD. When this 
was done, the two double refractions were found to be equal 
and opposite, and hence they compensated*each other, and 
produced an axis’Pp, in which there was no double refrac- 
tion, and which was the resultant of the actions of AB and 
CD. 


In this way, and by experiments which will be related Double 
in a subsequent chapter, our author was led to the follow- Refraction, 
ing method of finding the general law of extraordinary re- '' 
firaction in biaxal crystals. 

Make h == axis of revolution of the two spheroids, 
a, o! = the other axis of the spheroid. 

/S' = the inclination of the incident ray to the 
axes of the crystal. 

^ == the angle of the doubly refracting forces 

emanating from each axis, 
f = half the difference of the angle at the base 
of the parallelogram of forces. 

Then, as the velocity of the ray is inversely as the variable 

radius of the spheroid, ^ will be the square of the velocity 

of the ordinary ray, and ^ the square of the minimum 

velocity of the extraordinary ray, in virtue of the separate 
action of each axis, AB and CD. Hence the difference be- 
tween the squares of the velocities of the ordinary and ex- 
traordinary rays will be 

/a^=t:b\ . _ 


fa'‘zi=¥\ 


sin.® 0 


the sign being positive when the axis is positive, and vice 
versa. But as these expressions represent the sides of the 
parallelogram of forces, we have 

ra*z±zb^ 

( — sin.-- 

Tang. 




/3') tang- i + 




8in.*/3- 


a'z±ib^ 


sin.® /S'. 


Consequently the difference between the squares of the 
velocities of the ordinary and extraordinary ray produced 
by the combined action of the two axes, will be 




a^b^ 


sin.® 0) (sin. "f) 


sin. (f+^). 

Hence, calling V the velocity required, we have 

I . / b . 1 I \ } dnd 


V*= 


v= 


b‘- 

1 


sin. (f+^) 

q 2 ». I 1.^2 

^^^ -sin.®g)(sin.^p^)| 


Sin. 


The form of the compound, or irregular spheroid, may 
therefore be computed for all doubly refracting crystals. 

The general law of extraordinary refraction which has 
now been explained, may be thus expressed- 

T/ie increment of the square of ike velocity of the extra^ 
ordinary ray produced by the action of two axes of double 
refraction^ is equal to the diagonal of ^ a parallelogram 
whose sides are the increments of the square of the velocity 
produced by each axis s^arately, and calculated by the law 
of Huygens^ and whose angle is double of the angle formed 
by the two planes pctssing through the ray and the respec^ 
tive axes. 

When the two axes are of equal intensity, and of the 
same character, the preceding law gives the very same re- 
sults as the law of Huygens does for one axis placed at 
right angles to the other two. 

From these views it follows as a necessary consequence, 
a consequence first deduced from them by M. Biot, that 
the difference of the squares of the velocities of the two 
rays are proportional to the product of the sines of the 



OPTICS. 


Double angles which each of them make with the two resultant 
R^ci^axes P and P', and hence making these angles <p and 

and V the velocity of the extraordinary, and v that of the 
ordinary ray, we shall have V=: (u^-j-a sin. (p x sin. <p') 
a being a constant coefficient. 

M. Fres- M. Fresnel was led by theoretical considerations to sup- 
nel’s law. pose that in crystals with two axes, the law of double re- 
fraction was still more complicated ; and he soon confirmed 
the accuracy of his views by direct experiment, and was 
thus able to establish a general law which embraced all 
crystals with one axis. 

Our limits will not allow us to do more than give the fol- 
lowing brief abstract of his labours, which we owe to M. 
Pouillet.^ 

When the light is incident in the plane perpendicular to 
AB, fig. 159, that is in the plane of CD, one of the izoo 
rays is regulated by the ordinary law of refraction, whereas 
when the ray is incident in the plane AB, perpendicular to 
the axis CD, the other of the two rays is regulated by the 
extraordinary law of refraction. The formulae by which 
Fresnel expressed his law, are as follow : 
making V=the velocity of the ordinary ray. 

?;=that of the extraordinary ray. 

A=the angle of the ray with the one axis. 
a=^the angle of the ray with the other axis. 
H=ordinary velocity in uniaxal crystals, or the 
constant velocity in the section perpendicu- 
lar to CD, fig. 159j in hiaxal crystals. 
ci's=the extraordinary velocity in uniaxal crystals, 
or the constant velocity in the section per- 
pendicular to AB, fig. 159? then 
V^=-D2+(^i2_D2)sin A) 

D2)sin2i(«+ A) 

In uniaxal crystals^ when the two axes are reduced to 
one^ we have A=«=«, so that 
V2=D2 

v^=D^+((P—J)^)&in 2A, 

that is, the ordinary velocity is constant in all directions and 
equal to D, and, as the second equation indicates, the extra- 
ordinary velocity v depends on ihe angle A, which the ex- 
traordinary ray makes with the axis. 

When this ray is in the section perpendicular to the axis, 
we have A=90o, and sin.^ A=l, hence V'=c?. 

When the ray is parallel to the axis A=0o, and sin.^ 
A=0, whence v=D, so that in this direction only the ex- 
traordinary becomes equal to the ordinary velocity. 

In biaxal crystals^ when the ray is in the section perpen- 
dicular to CD, fig. 159? it is evident that it always forms 
equal angles with the axes Vp, P'jo'. Hence A=«, and 
sin.^-^, {a — A)=:0, consequently V^=D^, or V=D. In this 
way D is the expression of the velocity in this case, and it 
is on this account that the term ordinary velocity 
to all those which are given by the difierent values of V. 

When the ray on the contrary, is in the section perpen- 
dicular to AB, the sum of the angles A and a is always 
equal to two right angles, and sm.i(A+a)=l? whence it 
follows that and V=d, and it is on this accoimt 

that the term extraordinary velocity is applied to all those 
(hat are given by the values of 

When d is greater than D, the minimum of the ordinary 
velocity takes place when 05 = A, or when Vz=D, and the 
maximum takes place when a — ^A is the greatest possible, 
which happens in the plane of the axes APCBDP'. The 
minimum becomes the maximum^ and vice versa when D is 
greater than d. The maximum and minimum for the extra- 
ordinary ray take place also, when vzizd^ and consequently 
for the case when the ray is in the plane of the axes, but 
they in like manner change their part when d is greater or 
less than D. 
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^ In every case the difference of the squares of the veloci- Double 
ties is expressed by the formula Refraction. 

v^ — Y^zz{d^ — D2) sin. a, sin. A. 

That is to say, the two ordinary and extraordinary rays 
having a common direction, the difference of the squares of 
their velocities are proportional to the product of the sines 
of the angles which each of them makes with the two axes. 

^‘This remark, adds M. Pouillet, had been made by Sir David 
Brewster and M. Biot before Fresnel had pointed out the 
simple law which embraces the phenomena“in all its extent.'' 

List of the primitive forms of Crystals that have two axes of 
double refraction. 

From a great number of experiments. Sir David Brew- Crystals 


ster found that the pro] 
ble refraction belongei' 


^ two axes of dou- with two 
to all the crystals that are included axes, 
in the prismatic system of Mohs, or which have the fol- 
lowing primitive forms of Hauy : — 


A right prism, 


Oblique prism 


Octohedron 


Base a rectangle. 

Base a rhomb. 

Base an oblique parallelogram. 
Base a rectangle. 

Base a rhomb. 

Base an oblique parallelogram. 
Base a rectangle. 

Base a rhomb. 


In these solids there is no single line or axis of sym- 
metry. 

The following table, which we could have enlarged con- 
siderably, contains most of the crystals with two axes, whose 
primitive forms have been determined by crystaUogra- 
phers 


1. List of Crystals of known Primitive Forms, 
Two Axes of Double Refraction, 


and having 


1. Bight Quadrangular Prtsm-^Base a BectangU, 


Cymophane, Young, 
Peridot, ditto. 
Prehnite, ditto. 
Stilbite? ditto. 


Comptonite, Brooke, 

Thomsomte, ditto. 
Anhydrite, Boumon, 
Tartrate of potash, 
ditto. 

Staurotide, Hauy. 
Datbolite, do. 

Mica, do. 


Talc, do. 


Position of Principal 
Axis, 

Axis of right prism. 

Perp. to axis. 

Parallel to longest 
side of prism, or 
perp. to best cleav- 
age planes. 

Perp. to axis of right 
prism. 

Perp. to axis of prism. 

Axis of right prism. 

Perp. to the flat 
rhomb, faces. 


Axis of right prism. 
Axis of right prism. 


Position of Second 
Axis. 

Perp. to the sides. 

Axis of right prism. 

Axis of right prism, 
or perp. to longest 
faces. 

Axis of that prism, or 
other axis. 

Axis of the prism. 

Perp.to sides of prism 

Parallel to a side of 
rhomb, prism. 


Greater diagonal ofits 
rhomb, base. 


Spodumene, do. Axis of prism. 
Sulphate of barytes, Short diagonal 
ditto. rhomb, base. 

Sulphate of strontian. Axis of the prism, 
do. 

Sulphate of soda, 

Soumon, 

Citric acid, do. 

Tartrate of potas^ and soda, do. 

Chromate of lead, do. 

Stilbite, Brooke, Pe^. to laminm- 
Mesotype of Auv- Axis of prism, 
ergne, do. 


of 


In plane of laminae. 
Long diagonal, or axis 
of prism. 

Perp. to axis of prisnit 


In plane of laminae. 
Perpendicular toeods. 


1 EUmens de Phusioue JExperim, liv* viii. cap. 1. 
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Double 

Kefraction 


3. Hight Quadrangular Prism — Base an Oblique ParaUehgram* 

Names of Minerals* Position of Frindpal Position of Second 

Jads. Axis. 


Needlestone ofFaroe, 
do. 

Sulphate of lime, 
JHauy, 

Epidote, do. 

Axiiiite, do. 
Heulandite, Brooke* 
Erewsterite, do. 
Sulphato- carbon of 
lead, do. 

Acetate of strontiau. 


Axis of prism. 

In plane of the lami- 
nae. 

In base of prism. 


Perp- to laminae. 


Perpendicular to axis. 
Axis of prism. 

Axis of prism. 


In plane of laminae. 


4, Oblique Quadrangtdar Prim — Base a Bectangle, 

Borax, JSauy^ 

Euclase, do. 


5. Oblique Quadrangular Prim — Base a JRhomh, 


Diopside, Haug* Perpendicular to sides 
Euclase, do. of the prism. 

Augite, do. 

Glauberite. 

Grammatite* ^ 

Sulphate of iron, WoUaston. 

Super-sulphate of 

potash, Boumon. Perp.to axis of prism. 

Acetate of copper, do. Perp.to axis of prism. 
Tartaric acid, do. Axis of prism. 

Oxalic acid, do. 

Sugar, do. 

Hydrate of strontian. 

Bitartrate of potash. 

Sulphate of soda. 


Axis of prism, or 
other axis. 


Axis of prism. 

Axis of prism. 
Perpendic. to faces. 


6. Oblique Quadrangular Prism — Base an oblique Paratldogram* 

Feldspar, Hauy, 

Kyanite, do. 

Sulphate of copper,do. 


7. Oclokedron with a Bectangular Base* 


Nitrate of potash, 
Ajrragonite. 

Clarbonate of lead- 

Sulphate of lead. 
Topaz. 

Muriate of copper. 


Axis of octohedron. 

Axis of prism or per- 
pendicular to axis 
of octohedron. 

In plane of base of 
two pyramids. 

Axis octohedron. 

Long diagonal of 
rhomb, base. 


Perp. to sides of base 

Perp. to sides of base 

Axis of the octohe- 
dron. 

Perp. to sides of rect. 
base. 

Short diagonal of the 
rhomb, base. 


8. Octohedron with a Bhombic Base* 


Sulphur, Hauy* 

Spbene, do. 

Carbonate of soda. Diagonal of base Axis of octohedron 
do. through o of Hauy, or other axis. 

PU xxxix. 


9. Minerals belonging to the Prismatic System of Mohs, and having 
TWO axeSi but not included in any of the above divisions of Hauy. 


Sulphate of magne- 
sia, Mohs. 

Sulphate of manga- 
nese. 

Sulphate of zinc. 

Sulphate ofaramonia. 

Sulphate of cobalt. 

Carbonate of stron- 
tian, do. 

Carbonate of barytes, 
do. 

Diallage. 

Molybdate of am- 
monia. 


Cleavable diagonal of 
square base. 


Axis of rhomboidal 
prism. 

Axis of hexabed. 
prism. 

Axis of prism. 

Axis of prism. 

Perp. to plates. 


Perpendicular to axis, 
or the other diagonal. 


Short diagonal of 
rhomboidal base. 
Perp to axis. 


Perp. to axis. 
Perp. to axis. 
Plane of platea. 


Names of Mmerals* 

Muriate of baiytes. 
Realgar. 

Orpiment. 

Lepidolite. 

Mesotype. 

Mesolite. 

Serpentine. 

Natrolite. 
Sulpbato-bi-carbo- 
iiate ot lead. 
Phosphate of iron. 
Harmotome, Petalite, 


Position of Principal 
Axis* 


In plane of laminae. 
Perp. to laminae. 
Axis of prism. 
Ditto. 


Axes of acute rhomb. 

In plane of laminae. 
Chabasie. 


Position of Second 
Axis* 


Doubla 

Refraction 


Perp. to laminae. 
Plane of laminae, 
Perp. to axis. 
Ditto. 


In plane of laminae. 
Perp. to laminae. 


1 0. Crystals^ whose primitive form has not been determined-, but which 
have been found to have two axes, and which must belong to the Pris** 
matic System of Mohs. 


lolite. Axis of prism. 

Indurated talc. Perp. to plates. 

Carbonate of potash. Plane of axis perpen- 

dicular to the flat 
tables. 

Carbonate of copper. 

Sulphate of ammonia Shorter diagonal of 
and magnesia. the rhomboidal 

base. 

Sulphate of soda and magnesia. 

Sulphate of nickel. Short diagonal of the 

rhomboidal base. 

Oxy-nitrate of silver. Perp. to rhomb plates 

Nitrate of ammonia. 

of lime. 


Perp.to axis of prism. 
In plane of laminaa. 
In plane of tables. 


Axis of hexagonal 
prism, or longdiag. 
of rhomb, base. 

Axis of prism, or 
other axis. 

Long diagonal of 
rhomboidal platei. 


of strontian, with water of crystallkation. 

of copper. 

of zinc* 

of mercury. 

of bismuth. 

Nitrate of lead, certain specimens, Mr. Herschel, Edin. Ph* Jam* 

vol. il p. 184, 

Muriate of mercury. 

of magnesia. 

Acetate of lead. Perp. to broad sides Axis of prism, or 
of prism, other axis. 

of zinc. In plane of hexag. Perperidicular to hex- 

plates. ag. plates. 

soda. 


barytes. 

Phosphate of soda. 

Oxalate of ammonia. 

Hyper-oxymuriate of 
potash. 

Super. oxalate of pot- 
ash. 

Super-chromate of 
potash. 

Crystallized Chelten- 
ham salts. 

Murio- sulphate of 

magnesia and iron. 

Benzoate of ammonia. 

Benzoic acid. 

Chromic acid. 

Spermaceti. 

Boracic acid. 

Succinic acid. 

Super-tartrate of pot- 
ash. 

Tartrate of potash 
and antimony. 

Camphor. 

Hydrate of barytes. 

Prussiate of potash- 

Mother-of- pearl. 

Carbonate of ammo- 
nia. 

Hyposulphite of lime. 




of ba- 


Perp.to axis of prism. Axis of prism. 
Perpendic. to rhomb. Plane of axis in that 
plates. diag. 


Axis of prism. 
Cleavable diagonal of 
its square base. 
Perp* to laminae. 
Perp. to plates. 


Perp. to axis. 

Axis of prism, or 
other diag. 

In plane of do. 

In plane of plates. 


Perp. to plates. 

Perp.to hexag. plates. 

Perp. to faces of flat 
prism. 

Perpendicular to axis 
of prism. 

Perpendicular to axis 
of prism. 


In plane of plates. 

In plane of plates. 

In plane of these faces. 

Axis of prism. 

Axis of prism. 


Perp. to flat plates. 

Perp. to rect-laminse. 

Perp, to laminae. 

Short diag. of rhomb, 
and perp. to best 
cleavage. 

Sir John Herschel, 
Bdin. Phil JouTn 
vol. i. p. 15. 


In ane of plates. 

In plane of laminae. 
In plane of laminae. 
Axis of prism, or 
long diag. 


lytes. 


Sir John Herschel. 
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Polariza- Sect IIL — On CRYSTALS WITH THREE AXES OF DOUBLE 
tion. Refraction. 

* Having determined the primitive form to which those 
with three crystals belong which have one and two axes of double re- 
axes. fraction, Sir David Brewster found that all those crystals 
which have no resultant axes belonged to that class of 
primitive forms which have three rectangular axes of form, 
namely, the cube, the regular octahedron^ and the rhom- 
boidal dodecahedron, or to the tessular system of Mohs. 
Since, however, every real axis of double refraction coin- 
cides with a prominent line in the primitive form of the 
crystal, he conceived that those crystals which had no ap- 
parent double refraction had actually three equal rectangu- 
lar axes, the effect of which was to compensate each other 
at every point of the crystal, or, in other words, to have an 
infinite number of resultant axes. 

In confirmation of these views, Sir D. Brewster found 
various indications of positive and negative doubly-refracting 
structures in alum^ diamond, &c., as if these equal axes had 
not exactly compensated each other, either from the three 
not being perfectly equal, or from their not being placed 
accurately at right angles to each other. 

The following is a list, which might be considerably ex- 
tended, of the primitive forms of the crystals that have no 
double refraction. 

Primitive Form a Cube* — ^^luriate of soda, muriate of 
potash, muriate of silver. 

Primitive Form an Octahedron, — Diamond, fluor spar, 
muriate of ammonia, pleonaste, nitrate of lead, sulphate of 
alumina, soda, alum, ruby copper, spinelle, nitrate of stron- 
tian octahedral, nitrate of lead, nitrate of barytes, sulphate 
of ammonia and chromium, sulphate of ammonia and iron, 
sulphate of alumina and ammonia. 

Primitive Form a Rhomboidal Dodecahedron, — Garnet, 
blende, sodalite, essonite, helvin, lazulite. 

There are some crystals, such as arseniate of iron, amphU 
gene, analcime, boracite, aplome, all of which have double 
refraction, and therefore cannot belong to the tessular 
system. 


Sect IV . — On Crystals with Planes of Double 
Refraction. 

Crystals In all the crystals to which we have hitherto referred 
with planes double refraction is related to one or more axes ; but 
Sir David Brewster has found that in analcime, a mineral 
re lac ion. tessular system, there are several planes or 

sections of the crystal in whicli there is no double refrac- 
tion, the double refraction increasing with the distance 
from these planes according to a law which will be after- 
wards mentioned. When the ray is incident iri any direc- 
tion that does not lie in one of these planes, it is separated 
into two images by double refraction. This is the only 
substance which is known to possess this remarkable 
property. 


Part VII,— ON THE POLARIZATION OF LIGHT. 

Polariza- The light emitted from the sun, from a candle, or from 
tion of self-luminous body, before it has suffered reflection 

from, or refraction by, any body, is called common light 
If we allow a beam of such light to fall upon any refracting 
or reflecting body, whether transparent or metallic, or to 
pass by any diffracting body, it will suffer precisely the same 
changes, whether its upper, its under, its right or its left 
side, or any other side of the beam, is turned towards the 
refracting, reflecting, or diffracting body. Hence it fol- 
lows that this beam of light has the same properties in all 
its sides. 

VOL. XIV. 
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Now this is not true of all light. If the preceding beam Polariza- 
of common light is reflected at a particular angle, from trans- 
parent bodies, or passes obliquely through a number of re- 
fracting surfaces, or is transmitted through certain crystals, 
or suffers total reflection from the second surfaces of trans- 
parent bodies, or from the siiiface of metals ; in all these 
cases it has sufiered such a change, that it no longer has 
the same properties in all its sides, but, on the contrary, 
exhibits distinct and remarkable properties in its different 
sides, or, what is the same thing, has polarity. This beam 
of common light is therefore said to be polarized. The 
difierent kinds of polarization which may thus be impressed 
upon common light are three, — mz,, plane polarization, dr-- 
cular polarization, and elliptical polarization; or the 
whole of these three kinds of polarization may be included 
in the general name of elliptical polarization, which be- 
comes circular when the two axes of the ellipsis are equal, 
and rectilineal or plane when the minor axis of the ellipse is 
infinitely small. We shall now proceed to explain the phe- 
nomena of these three kinds of polarization in their order. 


Chap. I.— ON PLANE POLARIZATION. 

There are four ways by which common light may be piane po- 
plane polarized, larization. 

1. By double refraction. 

2. By one reflection from transparent bodies. 

3. By several refractions through transparent surfaces. 

4. By the absorption or dispersion of part of the light. 

These various processes exhibit many interesting phe- 
nomena and laws, which we shall proceed to explain. 



Sect 1 , — On the Polarization of Light by Double 
Refraction. 

The polarization of light by the double refraction of 
Iceland spar was discovered by Huygens. Upon examin- tion by 
ing the two pencils Oo, Ee (fig. 148) formed double re- 

by double refraction, he found that they had r fraction, 

different properties on different sides, and 
that both of them differed from common light, 
as well as from one another. He discovered 
this difference in the following manner : — 

Having taken two pieces of Iceland spar, 
he placed them symmetrically, as in fig. 160, 
with all the faces of the one parallel to all 
the faces of the other, ArX, A'GX' being 
the principal sections of two rhombs. A ray 
of common light Rr, incident upon the first 
crystal at r, is divided into two pencils rC, 
rD, O being the ordinary and E the extra- 
ordinary ray, as formerly explained. Now 
the ordinary ray DG, falling upon the second crystal at G, 
and the extraordinary one CF at F, should have been each 
subdivided by double refraction into two pencils by that 
crystal ; but they are not, the ordinary ray 
DG being only refracted ordinarily, and 
the extraordinary ray CF only extraordi- 
narily, as seen in the figure, where these 
rays FH, GK, emerge singly at H and K, 
the one an ordinary and the other an ex-* 
traordinary ray. If the upper rhomb re- 
mains fixed while the under one is turned 
round 90®, so that its principal section is 
perpendicular to that of the upper one, as 
shown in fig. 1,61, the same phenomena will 
take place, with this difference only, that the 
ray DG, refracted ordinarily by first 
crystal, is refracted extraordinarily by the 
second, and the ray CF, refracted extraor- 


Fig. 160 . 
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Polari^a- dinarily by the first crystal, is refracted ordinarily by the 
socond^ 

Hence it is manifest that the ray of common light Rr, 
and the two doubly-refracted pencils CF, DG have all 
different properties. For if Rr were to fall upon the second 
rhomb, it would be divided into two pencils ; whereas CF 
and DG refuse to be so divided, and are each refracted in 
different ways by the second crystal* 

Now, in every other position of the four rhombs, between 
the two where their principal sections are parallel or per^ 
pendicular to one another, the two pencils CF, DG are 
divided into two pencils, and four separate pencils emerge 
from the second rhomb. 

In order to understand the phenomena presented by these 
four pencils, when the second rhomb performs a complete 
revolution behind the first one, let us suppose that the lower 
rhomb begins to revolve from the position in fig- 159, which 
we shall call 0® of azim\ith, and in which case we shall have 
two horizontal pencils HE, KO (fig. 161), whose sections^ 
are shown in the annexed figure at B, oppo- a o# 
site 0°, A representing the appearance of the 
aperture through the first rhomb. When the ^ ® 
second rhomb has just begun to move out ^ / 

of its position of parallelism to the first, two 
extremely faint images begin to appear be- # # 
tween the other two ; and at 22 of azi- ® CD 
muth they will appear as at C. At 45° of e CD ® 
azimuth their intensity will be equal as at • CD 
D ; at 67 the two most distant ones will 
have become the faintest; and at 90° the ^ • 
four images will be reduced to two, this 
being the position shown in fig. 160. By con- 
tinning to turn the second rhomb, other two ^ g, 
faint images start up, which at 1 12^° appear ^#CD 
as at G ; at 135° the four images are equally ^ 
bright, as at H; at 157-]-® the two outermost ® 

are the faintest; and at 180° they all co- o 

alesce into one bright image, as at K, having ^ ® 
twice the brightness of either of those at A 
or F, Bxidfour times the brightness of any one of the four 
at D or H. 

Malus’ In making the preceding experiment, it will be seen that 
law of in- two of the images gradually increase in brightness, while 
tensity, other two gradually diminish. Malus investigated the law 
of the intensity for these images, both when the pencil of 
common light is incident perpendicularly and obliquely. 
Our limits will permit us to give only the simplest case, 
making 


0 ® 

45° 

67i° 

90° 

112J° 


135° 


o =r ray refracted ordinarily by the first rhomb. 
e = the ray refracted extraordinarily by the first rhomb, 

00 = the ray refracted ordinarily by the first rhomb, and 
ordinarily by the second. 

oe = the ray refracted ordinarily by the first rhomb, and ex- 
traordinarily by the second. 

ee = the ray refracted extraordinarily by the first rhomb, 
and extraordinarily by the second, 
eo = the ray refracted extraordinarily by the first rhomb, 
and ordinarily by the second,. 

Q = tho quantity of light contained in the incident ray, 
(l-m)Q =; the quantity of light absorbed by the first rhomb. 

P = the intensity of any of the pencils. 

Pj, = the intensity of the ordinary emergent ray, 

P^ =: the intensity of the extraordinary emergent ray. 

Then, since the quantity of light contained in the two 
emergent rays is equal to the incident light diminished by 
the quantity absorbed, we shall have Q*- (1 Q=mQ; 
and since the light is equally divided between the two pen- 
cils, we obtain Po=^Q, and 
But the quantity of light m(^ which falls upon the second 
rhomb will be reduced by absorption to - ( 1 - tw) mQ = 


Q ; consequently, if a is the angle formed by the prin- Polarlza- 
cipal sections of the two rhombs, we shall have tion. 

First pencil, Poo= cos'^ a\ 

Third pencil, Pee=i(w^Q. cos^ a). 

Second pencil, Poc= sin® a). 

Fourth pencil, sin^ ct). 

When the principal sections of the two rhombs are parallel, 
then <z=0, and sih-^ q 5=0, consequently Poe==0, and P<o=0 ; 
that is, the third and fourth pencils will disappear. 

When, on the contrary, the principal sections are at right 
angles to one another, <z=90°, and cos^oj=0, consequently 
Poo=0, and P«=0; that is, the first and second pencils 
will disappear. 

When the incident ray is not perpendicular to the surface 
of the first rhomb, the intensities of the pencils are functions 
of the angles of incidence and the angle which the ray forms 
with the principal sections. 

All the phenomena above described may be produced by 
combining any two positive and any two negative crystals ; 
but if a positive is combined with a negative crystal, the 
same effects will be produced when the principal sections 
are at right angles to each other, as when they are parallel 
in the other cases. 

The difference between common and polarized light, as 
evinced by the phenomena of double refraction, is, that the 
former may always be divided into two pencils by a doubly- 
refracting crystal, whereas the latter is not ca})abic of being 
so divided under certain circumstances. 

As the four polarized pencils, when united, as at K (fig. 

162), produce a pencil of common light, or rather a pencil 
which cannot be distinguished from common light, it is 
highly probable that the Iceland spar, in converting com- 
mon into polarized light, by refracting it into two pencils, 
has not communicated to it any new property, but has 
merely separated it into its two elements, just as a prism 
separates a pencil of white light into its seven elementary 
colours by refraction, these colours again forming white 
light by their re-union. 


Sect. //.—On tue Polarization of Light Br 
Reflection. 

We have already stated, in tlie History of Optics, the Polariza- 
manner in which the celebrated French philosopher Malus .i’y *‘®* 
discovered the polarization of light by reflection. Upon re- 
peating his experiments with a variety of opaque and trans- 
parent bodies, not metallic, such as glass, water, Bsc., he 
found that, when light was reflected at a particular angle 
from suck bodies^ it was polarized exactly like one of the 
pencils formed by double refraction,, the pencil polarized by 
reflection having all its properties identically the same with 
that of the doubly-refracting crystal. Like the latter, it was 
no longer capable of being divided into two pencils by a 
rhomb of Iceland spar ; and as, in the polarization of light 
by the double refraction of one crystal, that ])roperty de- 
pends on the angle formed between the principal sections 
of the two crystals, as shown in figs. 160 and 161, so in the 
present case the polarization depends on the angle formed 
between the plane of reflection and that of the principal sec- 
tion of the crystal which polarizes the light. In all such 
phenomena, indeed, as Malus remarks, the plane of re- 
fiection replaces the plane of the principal section of the 
crystal. 

If we receive the ray polarized by reflection from water 
at an angle of 52° 45' upon any crystal having double re- 
fraction, it will not be divided into two pencils when the 
plane of reflection is parallel to the principal section, as if 
it had been a pencil of common light; but it will be re- 


^ If we place a circular aperture, ^l^e size of the little dark circles in fig. 162, at r (fig, 161), the images will have that form. 
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Polariza- fracted entirely, according to the ordinary law, as if the 
crystal had lost the power of double refraction. If, on the 
'' other hand, the principal section of the crystal is perpen- 
1 dicular to the plane of reflection, the reflected ray will be 
refracted wholly, according to the law of extraordinary re^ 
fraction. In all intermediate positions it will be divided 
into two rays, according to the same law, and in the same 
proportions, as if it had acquired its new character by the 
influence of double refraction. 

In order to analyse this phenomenon completely, he 
placed the principal section of a crystal vertically ; and after 
having divided a ray into two by it, he made these two rays 
fall on the surface of water at an angle of 52° 45'- The 
ordinary ray was partially reflected, like common light, but 
the extraordinary ray penetrated the water wholly^ and not 
a single particle of it was reflected. When the principal 
section of the crystal was, on the contrary, perpendi- 
cular to the plane of incidence, the extraordinary ray was 
partially reflected, and the ordinary ray was wholly re- 
fracted. 

Malus found the phenomena to be the same for all other 
transparent bodies, whether solid or fluid ; but the^ angle 
at which light experienced this modification was in ge- 
neral greater in bodies which refracted light most. Be- 
low and above this limit the rays were more or less modi- 
fied. 

This property of reflected light takes place at a different 
angle for pencils reflected at the second surfaces of bodies, 
and the sine of the angle at the first surface is to the sine 
of the angle at the second as the sine of incidence is to the 
sine of refraction. Hence, in parallel plates, either of 
glass or other bodies, the two pencils which are reflected 
in the same directions from both surfaces have equally^ re- 
ceived this new property, and the light which has received 
it is said to have been polarized by reflection} M* Malus 
founds the same property in black bodies, such as black 
marble^ ebony^ kc? 

Malus next proceeded to study the phenomena when the 
light R, polarized by one plate of glass A, was reflected 
from a second plate 
C (fig. 163), the ray 
R A bein g incident on 
the first plate, and 
the polarized ray AC 
on the second plate, 
at an angle of 56°, 
the polarizing angle ■ 
of glass. In the case 

shown in the figure, the plane of reflection ACE, from the 
plate C, is at right angles to the plane of reflection RAC 
from the first plate, and in this case the reflected pencil 
CE wholly vanished, all the reflected and polarized light 
AC having penetrated the glass at C. If we now turn 
round the plate C from this point, or zero^ into different 
azimuths, so that it is always equally inclined to die polar- 
ized ray, a small portion of the ray AC will be reflected 
from C, and this portion will increase till it becomes a 
maximum, when the plane ACE is parallel to RAC, or in 
the azimuth of 90**. By continuing to turn the plate C, the 
reflected ray CE will gradually diminish, and when C has 
reached the azimuth of 180° its plane of reflection will be 
perpendicular to that of A, and the reflected ray CE w|L 
wholly disappear. In advancing from 180° to 270 , CE 
will again reach its maximum, and at 360°, when it has re- 
turned to its position, as in the figure, it will again return 
to its minimum. 

While the reflected pencil CE passes from its minimum 



intensity at 0° and 180°, to its maximum at 90° and 270°, Polariza- 
Malus supposes the intensity to vary as the square of the 
cosine of the angle of azimuth, or of any even power of the 
cosine. Calling a the angle of azimuth which the plane of 
the second reflection makes with a plane perpendicular to 
RAC, I the maximum intensity of the reflected pencil, 
and P the intensity coiTesponding to any azimuth then 
P=I cos® a. If we make a equal to 0°, 90°, 180°, and 
270°, we shall have, when a=0°, cos «=1, cos® <z=l, 
cos^ «=1, and consequently P=I, or the reflected pencil 
is a maximum. When a =90°, cos rz=0, cos® <z=0, 
cos^ 0 = 0 , and F=0; that is, the reflected pencil wholly 
disappears. 

It is obvious, from the arrangement of glasses in fig. 163, 
that if the light R proceeds from the sky, an observer with 
his eye placed at E will see a black spot in the part of 
the sky from which the light R comes, as the whole of the 
light penetrates the plate C. If the light R comes from a 
house, the house will disappear if it is at a considerable 
distance ; and by turning round C, the house will have its 
greatest brightness when the two planes of reflection are 
parallel. If, in the position when the house was invisible, 
we breathe upon the plate C, the house will suddenly be- 
come visible, and will again disappear when the breath has 
evaporated. If we now place the plate C at an angle of 
52° 45' to the ray AC, the house will be seen ; but if we 
again breathe upon C, the house will disappear. The 
cause of these phenomena is, that by breathing upon^ C 
we make the reflecting surface an aqueous one, which 
refuses to reflect light at an angle of 52 45 , but reflects 
it at 56°. 

If we place beside each other two sets of reflectors ar- 
ranged in the manner shown in fig. 163, C bein^ inclined 
in the one set 56° to A, and in the other set 52° 45, and 
the plates C, C being near each other, we may, by breath- 
ing upon each at the same time, exhibit the paradoxical 
phenomenon of reviving and extinguishing a luminous 
image by the same breath, or we may appear to breathe at 
the same time light and darkness.® 

1, On the Law of the Polarization of Light by Peflection. 

After determining the angle at which different bodies Law of 
polarized light, Malus concluded that “this angle followed polariza- 
neither the order of refractive powers nor that of the dis- t»on by re- 
persive forces, and that it was a property of bodies inde- 
pendent of the other modes of action which they exercised 
over light.^ 

In repeating the experiments of Malus, SirDavid Brewster Law of the 
measured the polarizing angles of a great number of bodies, tangents, 
but experienced many difBculties in connecting them to- 
gether by a simple law. In some substances the light was 
Mt completely polarized at any angle. In others purple 
and blue light was left at the polarizing angles ; and m va- 
rious spedmens of glass different parts of the same sinface 
gave different polarizing angles. The first 
mena he ascribed to the drcumstance that diffwently 
coloured rays of white light were polarized at different 
S; and the second he found to arise from tjanges 
that had taken place on the slices of glass by partial de- 
composition, owing to the action of the_ atm^phere. J 
reiectino' those substances where the action of the surf^e 
wis thul masked or disturbed, he was led to the M°mng 
general law, that the index of reaction of any lody ts the 

was founded \— 


2 IMd., sect. 60. 


- XUIU,, OOV/W. - 

1 Theork de la Double Defraction, sect. 48. vol vii u. 146. See also Ha Letters on Natural, 

^ 0 . riv., tom. U., p. 294. 
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Names of the 
Bodies* 


Water 52 

Fluor spar 64 

Obsidian 66 

Sulphate of lime 56 

Rock-crystal 57 

Sulphate of barytes 58 

Opal-coloured glass 68 

Topaz 58 

Mother-of-pearl 58 

Iceland spar 58 

Orange-coloured glass... .59 

Spinelleruby 50 

jZircon 63 

Olass of antimony 64 

Sulphur 64 

Diamond 68 

Chromate of lead ..67 


Observed Polariz- Calculated Polariz- 
ing Angles. ing Angles* 

,...45° or 47° ,,...45° 0^32^^ 


591 53 11 

50 55 9 

3 56 8 

28 56 45 

22 56 58 

29 68 33 

1 68 33 

40 58 34 

47 68 50 

23 58 51 

12 59 28 

6 60 25 

8 63 0 

45 64 30 

10 63 45 

2 68 1 

42 68 3 


Upon repeating these experiments with homogeneous 
light, Sir David Brewster also found that the angle of po- 
larization varied with the refrangibility of the light, and that 
the tangent of the polarizing angle was equal to the index of 
refraction of the light employed. 

Hence we are able to explain why, at the maximum po- 
larizing angle, a portion of unpolarized light must always 
remain, and why this portion increases with the refractive 
and dispersive power of the body. This will be understood 
from the following table : — 

Waur» 

Colour ottlioLiutt. Vuriation. 

1-330 Red 63° 

1*336 Green, or mean ray.... 63 11 1 ...0° 15' 

1-342 Violet 53 19 J 

Plate- Glass. 

1*616 Red 66 34 ^ 

1*625 Green 66 46 1...0 21 

1*535 Violet 56 65 j 

Oil of Cassia. 

1*697 Red 57 57 ) 

1*642 Green 58 39 1...1 24 

1*687 Violet 69 21 ) 

Now it is obvious, that when the or mean, or most 
luminous ray, is polarized, and therefore vanishes, neither the 
red nor the violet has wholly vanished, and consequently 
a portion of unpolarized light, composed of a portion of 
these two colours, will still be visible. In oil of cassia 
the quantity of light is considerable, and is of a fine blue. 
Dr A. See- 1830, Dr A. Seebeck of Berlin published a series 
beck’s ex- of very accurate and valuable experiments made by means 
periments. of an instrument constructed for the purpose, which, if 
any doubts had existed about the accuracy of the pre- 
ceding law, were sufficient to remove them. Dr Seebeck’s 
principal object seems to have been to obtain accurate 
measures of the polarizing angle of different glasses, when 
the surfaces were newly polished, in order to reconcile the 
law to that class of bodies in which the deviations had 
been found to arise from some chemical or mechanical 
changes produced upon their surface. The following table 
contains Dr Seebeck's experiments : — 

Names of the Bodies. ^Refrac- Polarizing Angles. 

tion. Observed. Calculated. 

Fluor spar, colourless 1*4341. ..65° 6'*7...55° 6'*7 

„ greenish-blue 1*4343.. .65 3*8... 65 7*0 

Common opal 1*4616.. .66 29*3.. .65 26*3 

Plate-glass, English, colourless 1*5130. ..66 36*0. ..56 32*2 

,, colourless 1*5266... 56 45*5. ..56 46*4 

Crown-glass, English 1*5321... 56 50*2... 66 52-0 

„ ditto 1*5523.. .67 12*6.. .57 12*6 

Flint-glass, English 1*5783.. .57 41*0...57 38*5 

M ditto 1*6206... 58 16*6... 58 19*4 

Pyrope 1*8131. ..61 4*0.. .61 7*7 

Yellow blende 2*3692.. .67 8*2.. .67 7*0 


Names of the Bodies. 


Index of 
Refrac- 
tion. 


Upon examining the polarizing angles of different spe- Polarlza- 
cimens of glass at different periods after the surfaces w^ere tion, 
polished, Dr Seebeck confirmed the explanation given by 
Sir David Brewster, of the variations in their polarizing 
angles.® 

W/ien a pe7icil of light is polarized by reflection^ the sum 
of the angles of incidence mid refraction is a right angle. 

LetMN (fig. 164) be the reflecting surface, and B A a ray 
of light polarized by reflection ^ 
in the direction AD, and let yN. 

AC be the refracted ray. g — / 

Then, since EF, the tangent / /yy \ 

of the polarizing angle BAE, Jyr 

is equal to or the index of ? 

refraction, w^e have, by the - - -/ 

, , . BG .y 


law of the sines, CL=:— = 


gp. But from the similar triangles ABH, AEF, we have 

AH, or BG : HB : : EF : rad., and HB =|^; consequently 

CL = HB, and the angle BAN= CAK. But EAB + BAN 
=90°; consequently EAB + CAK =90°. Hence the com- 
plement of the polarizing angle is equal to the angle o 
refraction. 

When a ray of light is polarized by reflection, the reflected 
ray forms a right angle with the refracted ray. 

Since the angles DAM, BAN, CAK, are equal to one 
another, the angle DAC is equal to the right angle MAK; 
hence the reflected ray AD forms a right angle with the 
refracted ray AC. 

When a pencil of light is incident on the second surface 
of transparent bodies, at an angle whose cotangent is equal 
to the index of refraction, the reflected portion will be either 
wholly polarized, or the quantity of polarized light which it 
contains will he a maximum. 

As the images formed by tlie first and second surfaces 
of a transparent plate are simultaneously polarized, this 
proposition is established by the experimental results in the 
preceding table. 

The angle of polarization at the second surface of trails- 
parent bodies is the complement of the angle (f polarization 
at the first surface. 

As the angle of incidence at the second surface is equal 
to the angle of refraction at the first surface, and as this 
latter angle is equal to the complement of the angle of po- 
larization, it follows that the two polarizing angles are com- 
plementary to each other. 

When a ray of light is polarized by reflection from the 
second surface of transparent bodies, the reflected ray will 
form a right angle with the refracted ray. 

Let AB (fig. 165) be a ray incident at the first surface 
MN, AD the ray polarized at that j 

surface, AC the ray incident at the 
second surface PQ, and CM the .! 

ray polarized at that surface ; then, I q 

if CF be the refracted ray, the *"'* ipy^ 
angle MCF is a right angle. But Piff.ie5. 

DAC is a right angle, and on account of the parallelism of 
MN, PC, and BA, CF, the angle FCP is equal to DAM ; 
but MCP is equal to MAC; hence the whole MCF is equal 
to the whole DAC, or a right angle. 

CoR. 1. — The ray MC, reflected by the second surface, 
is at right angles to the ray AB incident on the first sur- 
face. 

Cor. 2. — The internal reflected ray CM forms with the 
external refi'ected ray AD an angle equal to the angle of 
deviation CAO. 


^ Mean of four observations by Malus, Biot, Arago, and Brewster. 

® See Poggendorf’s Annalen, 1830, No. is., p. 27 ; or JEdin. Jour, of Science, N.S., vol. v., p. 99. 
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Polariza- CoR. 3. — The ray CF, emerging from the second sur- 
tion. face, forms, with the first reflected ray AD, an angle equal 
to the complement of the angle of deviation. 

When a pencil of light is incident upon the separating 
surface of two media having different indices of refraction 
m, m', it will he polarized at an angle whose tangent is equal 
to the quotient of the greater index of refraction divided 

by the lesser, or — ^m exceeds m'. 
m 

This truth is a necessary consequence of the general 
law, and was also deduced from direct experiment. If the 
uppermost of the two media is a parallel plate, such as 
water lying upon a horizontal surface, See., the separating 
surface of the two media cannot, at any angle of inci- 
dence upon the first surface, completely polarize the in- 
cident light, unless the sine of the angle whose tangent is 
m 

is, when multiplied by m, less than unity. Thus, in 

the case of water and glass the polarizing angle is 68® 47', 
but no ray incident upon the water, even at 90®, can fall at 
such an oblique incidence upon the glass as 48° 47'. For 
sin 48° 47' x rn (or the angle of refraction at an incidence 
of 90) is = 1*0048. When the upper medium has a higher 
refractive power than the lower, and lies in a parallel plate 
upon it, the same law is applicable, with this difference, 
that the ray is now polarized at the second surface of the 
denser medium, and the angle of polarization is that whose 

cotangent is equal to the index of refraction of the 

separating surfaces. 

Partial po' In the preceding observations, we have considered only the 
larization. light which is incident at the polarizing angle. It becomes 
interesting to inquire, what is the condition of the light which 
is incident at angles above and below the polarizing angle. 
Malus, Arago, Biot, Fresnel, and other distinguished philo- 
sophers, considered the light thus reflected as consisting of 
two pencils, one of which preserved its state of common light, 
while the other pencil was polarized in the plane of inci- 
dence. In the year 1815, however, Sir David Brewster 
was led, by direct experiments, to a very dificrent opinion, 
namely, that the pencil of light which was supposed to have 
preserved its character of common light had suffered a 
physical change in its condition, or had acquired in various 
degrees a character approaching to complete polarization. 
He found, for example, that a pencil of light reflected from 
glass, either at 62° 30' or 50° 20', was so far polarized that 
it was wholly polarized by a second reflection at either of 
these angles ; whereas, had the unpolarized part been com- 
mon light, it could not have been polarized at any angle 
but 56° 45'. In like manner, he found that three reflec- 
tions at 65° 33^ or 46° 30', and four at 67° 33' or 43° 51', 
polarized the whole pencil ; and in general he found that 
a ray of light partly polarized by reflection at any angle, 
will be more and more polarized by every successive re- 
flection in the same plane till its polarization is complete, 
whether the reflections are made at angles all above or all 
below the polarizing angle. 

These views were not acceded to by philosophers, though 
founded on direct experiment; and, so late as 1825, Sir 
John Herschel, in discussing the question, gives his de- 
cision in favour of the opinion held by the French philo- 
sophers.^ Sir David Brewster was therefore induced to 
repeat and extend his experiments, and succeeded in 
confirming his original view of the subject. A brief ac- 
count of these experiments will form the subject of the 
next section. 


ICS. 637 

2. On the Motion of the 'Plane of Polarization by Re- Polariza* 
flection, tion. 

MM. Fresnel and Arago, and Sir David Brewster, were Motion^ 
engaged about the same time in inquiries upon this subject, the plane 
If we suppose a pencil of polarized light polarized in ao/polariza- 
plane inclined 45° to a vertical line, and if we reflect it at 
different angles from a transparent surface in which the 
plane of reflection is perpendicular to the horizon, the 
plane of polarization will be gradually reduced from 45° to 
40°, 35°, 30°, 25°, &c., as we diminish the angle of inci- 
dence from 90° till we reach the polarizing angle, when 
the plane of polarization will be inclined 0°, or will be 
brought into the plane of reflection. At angles less than 
the polarizing angle the plane continues to turn in the 
same direction, till at 0° it is again inclined 45° to a ver- 
tical plane, or to the plane of reflection, having performed 
a revolution of 90°, the first 45° during the change of inci- 
dence from 90° to 56° 45', and the other 45° from 56° 45' 
to 0°. 

M. Fresnel represented these changes by the following 
law ; i being the angle of incidence, i the angle of refrac- 
tion, X the primitive inclination of the plane of the polarized 
ray to the plane of reflection, and cj> the inclination to which 
that plane is brought by reflection. 

Tan<^=tan^“i^,. 

COS (l-z ) 

When a* =45°, tan and 


tan <#>= 


cos (id-f) 
cos (t - «') 


In these formulae founded on the law of the tangents, 
i-ht is the supplement of the angle which the reflected 
ray forms with the refracted ray, while i — z is the devia- 
tion produced by refraction. 

These formulae were verified by M. Arago at ten angles 
of incidence upon glass, and four upon water ; but his 
experiments were made only in the case where a?=45 , 
and where tan x disappears from the formula. As Sir 
David Brewster’s experiments embrace a wider range of 
substances, and also required care where x varies from 0° 
to 90°, they are a better basis for a law of such extensive 
application. 

The following are the observations with glass and water 
made by M. Arago, in which a: =45° : — 


Glass, 


Angles of 

Inclination of Plane of Polariza- 
tion to Plane of Reflection. 

Difference* 

Incidence. 

Observed. 

Calculated. 


24 

... 38° 55'... 

37° 54' 

..-1° 1' 

39 

...24 38... 

24 38 

.• -p 0 3 

49 

... 11 45 ... 

10 52 

..-053 

60 

... 5 15... 

5 29 

..-0 14 

70 

... 19 52... 

20 24 

..-0 32 

80 

... 32 45... 

33 25 

..-0 40 

85 

... 38 55... 

39 19 

..-0 24 

87 

... 40 55... 

41 36 

..-041 

88 

...41 15... 

42 44 

..-129 

89 

.... 44 35..., 

...... 43 52 

..+0 43 


^ Treatm on Light, sect. 866, 867. 



638 


OPTICS. 


Polariza- 

tion. 


Angles of 
Incidence. 


Difference. 


Water, 

Inclination of Plane of Polarisa- 
tion to Plane of Reflection. 

Observed. Calculated. 

60 10° 20' 10° 51' — 0° 31' 

70 25 20 24 48 + 0 32 

80 36 20 35 49 + 0 21 

85 40 50 40 32 + 0 18 

The following observations were made by Sir David 
Brewster on glass. 


the planes of polarisation, at an incidence of 45°, the angle Polariza- 
of rotation, when the plane of the polarised ray is =±= 45°, ^ 
is equal to the angle of refraction, while the new inclina-'' 
tion of the plane of polarisation to the plane of reflection, 
or is equal to the deviation i — H. 

These phenomena may be represented to the eye as in 
fig. 166, where MN represents the plane of incidence di- 
vided into ninety equal parts, and ab^ ab^ ab the planes of 

Fig, 166. 


90°. 
88 „ 
86 
84 .. 
80 .. 
75 „ 
70 
65 .. 
60 .. 
56 .. 
50 .. 
46 
40.. 
SO . 
20 . 
10 . 



Glass, 


.45° 0'.. 

45° 0' 

0° O' 

.43 4 .. 

42 49 

+0 35 

.40 43.. 

40 36 

-i-0 7 

.38 47.. 

38 22 

+ 0 25 

.33 13.. 

33 46 

— 0 33 

.28 45.. 

27 41 

+ 1 4 

.22 6 .. 

21 8 


.14 40.. 

13 53 

+ 0 47 

.6 10.. 

6 16 

— 0 6 

. 0 0.. 

0 0 

0 0 

.9 0 .. 

9 0 

0 0 

.16 55,. 


+ 0 24 

.22 37 

23 1 

_0 24 

.32 25.. 

33 19 

— 0 64 

..39 0 .. 

40 4 

— 1 4 

,.44 0 

43 49...;., 

+0 11 


90° 

85 

80 


.45° 0' 
,.34 30. 
..24 0 


Diamcmd, 

...45° O'. 
...33 56 . 


. 0 ° 0 
.+0 34 


.23 12 + 0 48 


75 

0 


30 .... 

IS 

8 


22 

70 

0 

4 

30 .... 

3 

54 

+0 

36 

67 

43 

0 

0.... 


0 


0 

60 

0 


30 .... 

11 

41 


49 

50 

0 


0 .... 

23 

SO 

+0 

30 


Our author also made another series of experiments, 
which confirms the general formula. As a? = 45° in the 
preceding experiments, he wished to observe the law of 
variation for p when x varied from 0° to 90°. He took a 
crystal of quartz with a fine natural face parallel to the 
axis, and he found, that at an angle of incidence of 75°, 
and when x was = 45°, the inclination of the plane of po- 
larisation to the plane of reflection was 26° 20'. We have 

therefore = tan. 26° 20', and consequently 

cos. ( t ■—"i ) 

the general formula becomes tan. p = tan. x, tan. 26° 20', 
by which the third column in the following table has been 
calculated. 


Values 

Inclination of Plane of Polansation. 


of or. 

Observed. 

Calculated. 

Dinerence. 

0.... 

0° 0' 



10.... 

4 54 


..+ 0 25 

20,... 



..— 0 16 

30.... 

15 50 

16 2 

0 12 

35.... 



..+ 0 48 

40,,.. 

...... ..23 30. 


0 50 

45.... 



0 7 

50.... 



0 40 

55,... 



.. + 0 7 

60.... 


40 45 

..--0 45 

70.,.. 



0 49 

80.... 



..— 0 29 

90..,. 





It is a curious circumstance, that at an incidence of 45° 
the deviation produced by refraction, or i — i', is, in every 
suhstanxie^ the complement of the angle of refraction i' to 
45° ; and in the action of all^ substances in turning round 



polarisation of the same pencil of light incident at the an- 
gles marked upon the curve line. At 90° of incidence, for 
example, the pencil A has its plane of polarisation inclined 
45° to the plane of reflection M ; but at 70° the same plane 
is inclined only 21®, and at 56° it is inclined 0°. At 40° 
it is inclined 23° in another direction ; at 23° about 38°, 
and at 0° it is inclined 45°. 

3. On the partial Polarisation of Lights and the Law of 
its Intensity, 

In order to apply these results, Sir David Brewster con- 
ceives common liglit to be composed of two pencils A, B, 
fig. 166, having their planes of polarisation cd at right 
angles to each other, and of equal intensity. Two such 
pencils united comports itself under all circumstances ex- 
actly like common light. We are as much entitled to con- 
sider a beam of common light as composed in this manner, 
as we are to regard white light as composed of seven difier- 
ently refrangible rays. The prism analyses the one, and 
doubly-refracting crystals, and the action of transparent 
surfaces, analyse the other, and common light is recom- 
posed by the two oppositely polarised pencils, as much as 
white light is recomposed by the union of the seven co- 
loured rays. Considering common light in this manner, 
Sir David Brewster was led to obtain an explanation of the 
phenomena of polarisation produced by reflexion and re- 
fraction. ^ 

A beam of common light will be represented as at AB, 
composed of the two beams 
A, B, ab and cd being Fig. 167. 

the planes of polarisation 
of each of them. In or- 



der, however, to analyse 
the action of a reflecting 
surface in changing the 
physical condition of the beam of common light, we shall 
represent it as in fig. 166, where the planes of polarisation 
cd are each inclined 45° to the plane of incidence MN# 
These two beams are obtained from a rhomb of Iceland 
spar, upon one of whose surfaces is placed an aperture of 
the size of A or B, and the rhomb is turned round till its, 
principal section is inclined 45® to the plane of incidence 
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Polariza- MN. In this position the double beam or pencil AB 
^tion. turn its planes of polarization as in fig 136, 

At an incidence of 90°, or as near it as possible, no change 
is produced in the pencils A, B, the angle aec being still 90°. 
At an incidence of 80® the angle aec is reduced from 90° to 
66° ; at 70° it has been reduced to 40° ; and at 56°, the 
maximum polarising angle, it has been reduced to 0°, or 
the planes of polarization ab^ cd being now parallel, or, what 
is the same thing, the whole of the reflected pencil being 
polarised in the plane of incidence. Below the polarising 
angle, the planes cd continuing to turn in the same 
direction, are again inclined to each other. At 40° 
they are inclined 50° ; at 23° they are inclined 38° ; and 
at 0°, or a perpendicular incidence, they are again brought 
back to their primitive inclination of 90°, or the state of 
common light. The two curves in the figure show the 
progressive change which takes place in the planes of po- 
larisation, these planes being a tangent to the curve at the 
incidence which corresponds to any particular part of it. 

‘‘ Such,” says Sir David Brewster,^ “ being the action 
of the reflecting forces upon A and B taken separately, 
let us now consider them as superposed and forming na- 
tural light. At 90° and 0° of incidence, the reflecting 
force produces no change in the inclination of their axes 
or planes of polarisation ; but at 56° in the case of glass, 
and 67° 43' in the case of diamond, the axes of all the 
particles are brought into a state of parallelism with the 
plane of reflection; and consequently when the image 
which they form is viewed by the rhomb of calcareous spar, 
they will all pass into the ordinary image, and thus prove 
that they are wholly polarised in the plane of reflection. 

Hence we see that the total polarisation of the reflect- 
ed pencil at an angle whose tangent is the index of refrac- 
tion, is effected by turning round the planes of polarisa- 
tion of one half of the light from right to left, and of the 
other half from left to right, each through an angle of 45°. 
Let us now consider what takes place at those angles 
where the pencil is only partially polarised. At 80°, for 
example, the angle of the planes a c d is 66°, that is, 
each plane of polarisation has been turned round in oppo- 
site directions from an inclination of 45® to one of 33° 
with the plane of reflection. The light has therefore suf- 
fered a physical change of a very marked kind, constitut- 
ing now neither natural nor polarised light. It is not na- 
tural light, because its planes of polarisation are not rect- 
angular ; it is not polarised light, because they are not pa- 
rallel. It is a pencil of light having the physical character 
of one half of its rays being polarised at an angle of 66° to 
the other half. It will now be asked how a pencil thus 
characterised can exhibit the properties of a partially po- 
larised pencil, that is, of a pencil part of whose light is 
polarised in the plane of reflection, while the rest retains 
its condition of natural light. This will be understood by 
placing the analysing rhomb, with its principal section, in 
the plane of reflection, and viewing through it the images 
A and B at 80® of incidence. As the axi^ of A is inclin- 
ed 33° to MN or the section of the rhomb, the ordinary 
inaage of it will be much brighter than the extraordinary 
image, the intensity of each being in the ratio of cos.^ p to 
sm.^ f, p being the angle of inclination, or 33°, in the pre- 
sent case. In like manner, the ordinary image of B will 
be in the same ratio brighter than its extraordinary image, 
that is, by considering A and B in a state of superposition, 
the extraordinary image of a pencil of light reflected at 
80° will be fainter than the ordinary image in the ratio of 
sin.® 33° to cos.® 33°. But this inequality in the inten- 
sity of the two pencils is precisely what would be produ- 
ced by a compound pencil, ;part of which is polarised in 
the plane of reflection, and part of which is common light. 


When Malus, therefore, and his successors analysed the Pokriza- 
pencil reflected at 80°, they could not do otherwise than 
conclude that it was partially polarised, consisting partly'"""*^v'^ 
of light polarised in the plane of reflection, and partly of 
natural light. The action of successive reflections, how- 
ever, afforded a more precise means of analysis, in so far 
as it proved that the portion of what was deemed natural 
light had in reality suffered a physical change, which ap- 
proximated it to the state of polarised light ; and we now 
see that the portion of what was called polarised light was 
only what may be called apparently polarised ; for though 
it disappears, like polarised light, from the extraordinary 
image of the analysing prism, yet there is not a single par- 
ticle of it polarised in the plane of reflection. 

“ These resultslead to conclusions of general importance. 

The quantity of light which disappears from the extraor- 
dinary image, is obviously the quantity of light which is 
really or apparently polarised at a given angle of incidence ; 
and if we admit the truth of the law of repartition dis- 
covered by Malus, and represented by Voo = P<? cos.^ 
and Potf Pa sin.® p, and as we can determine f for sub- 
stances of every refractive power, and for all angles of in- 
cidence, we may consider as established the mathematical 
law which determines the intensity of the polarised pencil, 
whatever be the nature of the body which reflects it, what- 
ever be the angle at which it is incident, whatever be the 
number of reflections which it suffers, and whether these 
reflections are all made from one substance, or partly from 
one substance and partly from another. 

‘‘ Let us suppose that a beam of common light composed 
of two portions A, B (fig. 168) pola- 
rised + 45° and — 45° to the plane of Fig. 168. 
reflection, is incident on a plate of glass 
at such an angle that the reflected pen- 
cil composed of C and D has its planes . 
of polarisation inclined at an angle ^ to 
the plane MN. When a rhomb of cal- 
careous spar has its principal section in 
the plane MN, it will divide the image 
C into an extraordinary pencil E and 
an ordinary one F ; and the same will Qp 
take place with D, G being its extraor- 
dinary, and H its ordinary image. If we represent the 
whole of the reflected pencil, or C + D, by 1, then C 
D = E + F = 1, and G + H = 1. But since the 
planes of polarisation of C and D are each inclined p de- 
grees to the principal section of the rhomb, the intensity 
of the light of the doubly-refracted pencils will be as 
sin.® p : cos.® p ; that is, the intensity of E will be | sin.® p, 
and that of F, ^ cos.® p. Hence it follows that the diffe- 
rence of these pencils, or J sin.® p ^ J cos.® p, will ex- 
press the quantity of light which has passed from the ex- 
traordinary image E into the ordinary one F ; that is, the 
quantity of light apparently polarised in the plane of re- 
flection MN. But as the same is true of the pencil D, we 
have 2 (J sin.® p — J cos.® p) or sin.® p — cos.® p for the 
whole of the polarised light in a pencil of common light 
C,+ D. Hence, since sin.® p + cos.® p = 1, and cos.® p 
= 1 -—sin.® p, we^have for the whole quantity of polarised 
light 

Q, 1 2 sin.® p. 

^ cos. (i + i'J 

But tan. p = tan. a? 

^ cos. (i — 

sin.® (2) 

And as tan.® p = — and sin.® p + cos.® p = 1, 

^ cos.®p ^ ^ ^ 

we have the quotient and the sum of the quantities sin.® p 
and cos.® p, by which we obtain 



^ Phil. Trans. 1830, p. 71* 
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sin.® 0 = 


^tan. i 
] + (t! 


That is, Q = 1 - ^ (i + i')\* 

1 + r"- * cos- V- l o ) 

As the quantity of reflected light is here supposed to 
be 1, we may obtain an expression of Q, in terms of the in- 
cident light, by adopting the formula of Fresnel for the in- 
tensity of a reflected ray. Thus, 

0-1 (»—»') 4 . tan.y^ — zQx 

^ \sin.^ (z + %*) tan.® {i + z')/ 

/ cos, {i + zpy 

V ( I ? Us. \ 

Vcos. (l — ty 

As tan. a? = 1 in common light, it is omitted in the pre- 
ceding formula. 

This formula may be adapted to partially polarised rays, 
that is, to light reflected at any angle different from the 
angle of maximum polarisation, provided we can obtain an 
expression for the quantity of reflected light. 

“ M. Fresnel’s general formula has been adapted to this 
species of rays, by considering them as consisting of a 
quantity a of light completely polarised in a plane making 
the angle x with that of incidence, and of another quantity 
1 — <2 in the state of natural liglit. Upon this principle 
it becomes 

1 sin.® (z — z') 1 -f 05 cos.® a? 

^ sin.^^ +1) ‘ 2 

tan.® (z — z') 1 — a cos.® x 

tan.® (i — f) ’ 2 

“ But as we have proved that partially polarised rays are 
rays whose planes of polarisation form an angle of 2x with 
one another as already explained, x being greater or less 
than 4f5°, we obtain a simpler expression for the intensity 
of the reflected pencil, viz. the very same as that for po- 
larised light. 

• , _ sin?(i — i') . tan.s j,) 


cos, (i + 
cos. (z — i')J 
cos. (i + z')\ 

n. X y. ■( ) 

cos, (z — v)J 

cos (£4- z ')\2 

n. X -p 7, ) 

cos. (z — z')/ 

/ cos, (i + z')\® 

I tan, X ) r . * 

V cos, (z 


1 + a cos.® X 
2 


, sin.® (i — z') « , tan.® (z — H) 

^ = s W +7 ' ) ® 

Hence we have 

^ /sin,®(z — i') Q tan.®(z — z') 

Q. = ( - 2 /. T hi <^os.®a: + > — rh^-rriK 
\sin.®^z 4 - tan.®(z -h 


sin.® X, 




wvw. w 1 I ... w*.*. w 

tan.®(z + z') 

' cos. (z 4- 

>1 

\ cos. (z — l') / 


This formula is equally applicable to a single pencil of 
polarised light of the same intensity as the pencil of par- 
tially polarised light. In all these cases it expresses the 
quantity of light really or apparently polarised in the plane 
of reflection. 

‘‘In order to show the quantity of light polarised at dif- 
ferent angles of incidence, I have computed the following 
table for common light, and suited to glass in which m = 
1-525. 


Angle of 
Incidence u 

Angle of 
Ilefraction 

Inclination of 
Plane of Polarisa- 
tion to Plane of 
Keflection, (p. 

Quantity of 
Light Re- 
flected out 
of 1000 Rays. 

Quantity of 
Polarised 
Light Q® 

Ratio of 
Polarised to 
Reflected 
Light, 

O'* 

0' 

0“ 0' 

45'* 0' 

43-23 

0 

0 

10 

0 

6 32 

43 91 

43-39 

1-74 

0-04000 

20 

0 

12 58 

40 13 

43-41 

7-22 

0*16618 

2.') 

0 

16 5 

37 21 

43-64 

116 

0-2C388 

30 

0 

19 

33 40 

44-78 

17-25 

0-3853 

35 

0 

22 6 

29 8 

46-33 

24-37 

0-5260 

40 

0 

24 96 

23 41 

40-10 

33-29 

0-6773 

45 

0 

27 374 

17 224 

53-66 

44 09 

0-82167 

50 

0 

30 0 

10 18 

61*36 

97-36 

0-9360 

5G 

45 

33 19 

0 0 

79*5 

79*5 

1*000 

60 

0 

34 36 

5 44 

93*31 

91*6 

0*9628 

65 

0 

36 28 

12 45 

124*86 

112-7 

0*90258 

70 

0 

38 2 

18 32 

162-67 

129-80 

0-79794 

75 

0 

39 18 

26 52 

257*26 

152-34 

0-59154 

78 

0 

39 54 

30 44 

329-95 

457-67 

0*47786 

70 

0 

40 4 

31 59 

359 27 

1 157-69 

0-43892 

80 

0 

40 13 

33 13 

391-7 

i 156 6 

0*40000 

82 

44 

40 35 

36 22 

499-44 

145-4 

0*29112 

84 

0 

40 42 

38 2 

560*32 

134*93 

0*2408 

85 

0 

40 47 

39 12 

616*28 

123*75 

0-2008 

86 

0 

40 51 

40 22-7 

676-26 

108*67 

0-16068 

87 

0 

40 54 

41 32 

744-11 

89*83 

0-12072 

88 

0 

40 67i 

42 42 

819*9 

65-9 

0-0804 

80 

0 

40 68 

43 51 

904*81 

36-32 

0-04014 

90 

0 

40 58 

45 0 

10000 

0 

0-0000 


Polariza- 


‘‘ As the preceding formula is deduced from princi- 
ples which have been either established by experiment 
or confirmed by it, it may be expected to harmonize witli 
the results of observation. At all the limits where the 
pencil is either wholly polarised or not polarised at all, 
it of course corresponds with experiment ; but though, 
in so far as I know, there have been no absolute measures 
taken of the quantity of polarised light at different inci- 
dences, yet we are fortunately in possession of a set of ex- 
periments by M. Arago, who has ascertained the angles 
above and below the polarising angle at which glass and 
water polarise the same proportion of light. In no case 
has he measured the absolute quantity of the polarised 
rays; but the comparison of the values of Q at those 
angles at which he found them in eqtial proportions, will 
afford a test of the accuracy of the formula. This com- 
parison is shown in the following table, in which column i 
contains the angles at which the reflecting surface polar- 
ises equal proportions of light ; column 2 the values of p, 
or the inclination of the planes of polarisation ; and co- 
lumn 3 the intensities of the polarised light computed 
from the formula. 

Inclination of Planes Proportion of 
of Polarisation to M N, Polarised Light, 

inaaence. 

, f82«48' 37® 33' -2572 

Glass: No. 1. ^24 I 8 37 21 -2637 

XT « 182 6 36 47 -2828 


Inclination of Planes 
of Polarisation to MN, 
or 0. 


Glass: No. 1. 


26 6 36 0 . 

’78 20 32 38. 

29 42 33 1 . 

586 31 41 54. 


rr/. XT A 186 31 41 54 -1080 

Water: No. 4. 27 ......1236 

The agreement of the formula with experiments made 
with as great accuracy as the subject will admit, must be 
allowed to be very satisfactory. The differences are with- 
in the limits of the errors of observation, as appears from 
the following table : 

Deviations from Part of the 

Experiment. whole Light. 

Glass: No. 1 . 0*0065 pk 

No. 2 . 0*0262 X 

No. 3. 0*0122 X 

Water: No. 4<. 0*0156 

" M. Arago has concluded, from the experiments above, 
stated, that equal proportions of light are polarised at equal 
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Polariza- angular distances from the angle of complete polarisation. 

, Thus, in glass No. 1, the mean of 82® 48' and 24® 18' is 
”*^^^ 530 33', which does not dijffer widely from the maximum 
polarising angle, or 55®, which M. Arago considers as the 
maximum polarising angle of the glass.^ In order to com- 
pare this principle with the formula, I found, that in wa- 
ter No. 4, the angle which polarises almost exactly the 
same proportion of light as the angle of 86® 31', is 15® 10', 
the value of (p being 41® 54' at both these angles ; but the 
mean of these is 60® 50' in place of 53® 11', so that the 
rule of M. Arago cannot be regarded as correct, and can- 
not therefore be employed, as he proposes, to determine 
the angle of complete polarisation.”^ {PhiL Trans. 1830.) 


4. On the Law of the Polarisation of Light by successive 
Reflections. 


We come now to show the application of the preceding 
law of intensity to the phenomena of the polarisation of 
light by successive reflections. 

“ When a pencil of common light,’^ says Sir David 
Brewster,^ ** has been reflected from a transparent sur- 
face, at an angle of 61® 3', for example, it has expe- 
rienced such a physical change that its planes of polar- 
isation form an angle of 6® 45' each with the plane of re- 
flection. When it is incident on another similar surface 
at the same angle, it is no longer common light, in which 
X = 45®, but it is partially polarised light, in which aj=:6® 
45'. In computing, therefore, the effect of the second re- 
flection, we must take the general formula tan. (p = tan. x 

( cos ( % I i' . 

— ' V - T -4 ) . but as the value of x is always in the 
cos, (z — f);’ ^ 

same ratio to the value of f, however great be the num- 
ber of reflections, we have tan. ^ = tan.” f for the inclina- 
tion ^ to the plane of reflection produced by any number 
of reflections n, p being the inclination for one reflection. 
Hence, when i is given by observation, we have tan. p 

= ^J. The formula for any number n of reflections is 


( cos, (i " 4 — ^ 

— ' > : ■■ •>( ) • It is evident that i 

cos. -j- ^ 

never can become equal to 0° ; that is, that the pencil 
cannot be so completely polarised by any number of re- 
flections at angles different from the polarising angle, as it 
is by a single reflection at the polarising angle ; but we 
shall see that the polarisation is sensibly complete, in con- 
sequence of the near approximation of ^ to 0®. 

“ I found, for example, that light was polarised by two 
reflections from glass at'»-an angle of 61® 3', and 60® 28' by 
another observation. Now, in these cases, we have 


6 after 1st 6 after 2d 
Reflection. Reflection. 


Quantity of 
Unpolarised 
Light. 


two reflections at 61® 3'.. .6° 45' 0® 47.. 0*00037 

60 28....5 38 0 33 0*00018 


The quantity of unpolarised light is here so small as to be 
quite unappreciable with ordinary lights. 

“ In like manner, I found that light was completely 
polarised by five reflections at 70®. Hence, by the for- 
mula, we have 

Values of 6. Unpolarised Light. 

1 reflection at 70®... 20® 0' 0-23392 

2 7 32 ...0-03432 

3 2 45 0-00460 

4 1 0 0-00060 

5 0 22 0-00008 


The quantity of unpolarised light is here also unapprecia- Polariza- 
ble after the fifth reflection. ^^ 0 °- 

In another experiment it was found that light was whol- 
ly polarised by the separating surface of glass and water 
at the following angles : 

Values of Unpolarised Light. 

By 2 reflections at 44® 5 1'...0® 56' 0-0005 

By 3 42 27....0 26 0-0001 


In all these cases the successive reflections were made 
at the same angle ; but the formula is equally applicable 
to reflections at different angles, — 

“ 1 . When both the angles are greater than the polaris- 
ing angle, — 

. Unpolarised 
Light 

1 reflection at 58® 2', and 1 at 67® 2'...0® 34', 0-0002 

“ 2. When one of the angles is above and the other below 
the polarising angle, — 

^ Unpolarised 

1 reflection at 53®, and 1 at 58® 2'...0® 12'.... 0-000024 


This experiment requires a very intense light ; for I find 
in my journal that the light of a candle is polarised at 53® 
and 78®. 

“In reflections at different angles, the formula becomes 


cos. (i 4- f) 
tan. = ^ i — - 


cos. (i - 


') cos. (I + I') T . i_ 

0 ^ ^ 


an- 


gles of incidence. In like manner, if a, 5, c, d, e, &c. are 
the values of p or d for each reflection, or rather for each 
angle of incidence, we shall have the final angle, or tan. $ 
= tan. a x tan. b x tan. c x tan. d, &c. 

“ It is scarcely necessary to inform the reader, that when 
a pencil of light reflected at 58® 2 ' is said to be polarized 
by another reflection at 67® 2', it only means, that this is 
the angle at which complete polarisation takes place in 
diminishing the angle gradually from 90® to 67° 2', and 
that even this angle of 67® 2' will vary with the intensity 
of the original pencil, with the opening of the pupil, and 
with the sensibility of the retina. But when it shall be 
determined experimentally at what value of p, or rather 
at what value of Q, the light entirely disappears from the 
extraordinary image, we shall be able, by inverting the 
formula, to ascertain the exact number of reflections by 
which a given pencil of light shall be wholly polarised. 

“ As the value of Q depends on the relation of i and z', 
that is, on the index of refraction, and as this index varies 
for the different colours of the spectrum, it is obvious that 
Q will have different values for these different colours. 
The consequence of this must be, that in bodies of high 
dispersive powers, the unpolarised light which remains in 
the extraordinary image, and also the light which forms 
the ordinary image, must be coloured at all incidences ; 
the colours being most distinct near the maximum polar- 
ising angle. This necessary result of the formula was 
found to be experimentally true in oil of cassia, and va- 
rious highly dispersive bodies. In realgar, for example, 
p is zz 0 at an angle of 69° O' for blue light, at 68 ° 37' for 
green light, and at 66 ° 49' for red light. Hence there can 
be no angle of complete polarisation for white light, which 
was also found to be the case by experiment 5 and as Q 
must at different angles of incidence have different values 
for the different rays, the unpolarised light must be com- 
posed of a certain portion of each different colour, which 
may be easily determined by the formula. 

“ Such are the laws which regulate the polarisation of 


* Hence we have assumed mss I '428, the tangent of 66% in the preceding calculations. 

^ It is obvious that the rule can only be true when m ss 1*000 ; so that its error increases with the refractive power. 

* Phil. Trans. 1830, p. 80. 
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Polariza- light by reflection from the first surfaces of bodies that are two parcels, and p, <p the angles at which the pencil was Polariza* 
not metallic. The very same laws are applicable to their polarised, we have 

second surfaces, provided that the incident light has not nin^ zz cotan. p : cotan. p/ and 

suffered previous or subsequent refraction from the first ^ tan. p = X tan. p'. 

surface. The sine of the angle at which p o^Q. has a is, the number of plates in ani/ parcel, multiplied by 

certain value by reflection from the second surface, is to tangent of the angle at which it polarises light, is a con-- 

the sine of the angle at which they have the same value quantity* From a great number of observations 

at the first surface, as unity is to the index of refraction, jjjade with a parcel of eighteen plates, our author found 
Hence p and Q may be deterained by the preceding for- constant quantity for crown-glass to be 41 *84 when 
mulsB after any number of reflections, even if some of the j- ^ wax-candle placed at the dis- 

reflections are made from the first surface of one body and |;ance of about twelve feet, so that we have 
the second surface of another.'* 4 1 


Sect. III.— On the Polarisation of Light by Refraction, 

We have already seen that the polarisation of light by 
refraction was discovered by independent observations by 
Malus, Biot, and Brewster ; but the priority of discovery 
belongs to Malus, who, from various observations, arrived 
at the following conclusion: “ When a ray of light falls 
upon a plate of glass at an angle of 54® 35', all the light 
which it reflects is polarised in one direction. The light 
which traverses the glass is composed, of a quantity ot 
light polarised in a direction opposite to that which is re- 
flected, and proportional to it ; and, 2dly, of another por- 
tion not modified, and which preserves the character of 
direct light.’’ 

Sir David Brewster made analogous experiments with 
thin films of glass, films of mica, folds of gold-beaters' 
skin, and films of gold leaf; but he occupied himself chief- 
ly in determining the law of the phenomena depending on 
the number) of plates through which the light was trans- 
mitted, and found that the number of plates which polarise 
a maximum of light by transmission at different angles of 
incidence, are to one another as the co-tangents of the angles 
of incidence. 

In determining this law, our author employed forty- 
seven pl'ates of crown-glass, each about three inches long 
and one broad, and with these he obtained the following 
results : — 


Numbei' of 
Plates in each 
Parcel. 

Angles of Inci- 
dence at which 
Light is Polarised, 
by Calculation. 

Angles of Inci- 
dence at which 
Light is Pohrised, 
by Experimcut. 

DiHi^ronecs be- 
tween the Calculated 
and Observed Angles. 

8 

79“ 

IP 

78“ 

52' * 

0 

19' — 

10 

76 

33 

76 

24 

0 

9 — 

12 

74 

0 

74 

2 

0 

2 -h 

14 

71 

30 

72 

15 

0 

46 + 

18 

69 

4 

89 

40 

0 

36 + 

18 

66 

43 

66 

43 

0 

0 

21 

63 

21 

63 

39 

0 

18 + 

24 

60 

8 

61 

0 

0 

52 4* 

27 

57 

10 

56 

58 

0 

12 — 

29 

55 

16 

54 

50 

0 

26 — 

31 

53 

28 

53 

18 

0 

12 — 

33 

51 

44 

51 

0 

0 

44 — 

35 

50 

5 

50 

23 

0 

18 + 

39 

47 

1 

48 

50 

0 

11 — 

41 

45 

35 

45 

49 

0 

14 4- 

44 

43 

34 

44 

0 

0 

28 4- 

47 

4l 

41 

42 

0 

0 

19 + 

100 

22 

42 





200 

11 

49 

1 This result was 

obtained by a parcel i 

600 

4 

47 

of plates of parallel glass. 


1,000 

2 

24 





2,000 

1 

12 





4,000 

0 

38 





14,000 

0 

1 





8,640,000 

0 

0 1" 






If w, w', therefore, represent the number of plates in any 


tan. p = ; 

that is, divide the constant quantity by any given number 
of plates, and the quotient will be the natural tangent of 
the angle at which that number will polarise a pencil of 
light. 

In this way the second column of the table, which dif- 
fers very little from the observed column, was computed- 

From these experiments our author drew the same con- 
clusion as in the case of reflection, respecting the state of 
what Malus calls the unpolarised light, namely, that it had 
suffered a physical change ; and he also showed that light 
could be polarised by successive refractions, each refrac- 
tion bringing it gradually nearer and nearer to the state of 
complete polarisation. 

1. On the Motion of the Planes of Polarisation by Refrac- 
tion, 

The first, and we believe the only, experiments that have 
been made on this subject, were those of Sir David Brews- 
ter and we shall therefore give an account of his re- 
searches in his own words, abridging it as much as possible* 

“ If we take a plate of glass, deviating so slightly from 
parallelism between its faces as to throw aside from the di- 
rect transmitted image of a luminous body the faint images 
formed by reflection between its inner surfaces, we shall 
obtain, even at the greatest obliquities, a pencil of light 
free of all admixture of reflected light. 

‘‘ Let this plate be placed upon a divided circle, so that 
we can observe through 
it two luminous discs of 
polarised light A, B (fig. 

169) formed by double re- 
fraction, and having their 
planes of polarisation in- 
clined + 45® and — 45® 
to the plane of refraction. 

At a perpendicular inci- 
dence, the inclination of 
the planes of polarisation 
will suffer no change ; but 
at an incidence of 30® 
they will be turned round 
40', so that their inclina- 
tion to MN or the angle 
aec will be 45® ’40'. At 
45® their inclination will 
be 46® 47'. At 60® it will 
be 50® 7'; and it will 'in- 
crease gradually to 90®, 
where it becomes 66° lO'. 

Hence the maximum 
change produced by a sin- 
gle plate of glass upon 
the planes of polarisation 
is 66® 19'— 45® = 21® 19', 
an effect exactly equal to 


Fig. 169. 



K 


^ Phil Trans. 1830, p. 133. 
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Polariza- what is produced by reflection at angles of 39° or 70°. It 
^ is remarkable, however, that this change is made in the op- 
posite direction^ the planes of polarisation now approaching 
to coincidence in a plane at right angles to that of reflection ; 
a difference which might have been expected from the 
opposite character of the resulting polarisation. 

‘‘ In this experiment the action of the two surfaces is de- 
veloped in succession, so that we cannot deduce from the 
maximum rotation of 21® 19', the real action of the first, 
or of a single surface, which must be obviously more than 
half of the action of the two surfaces, because the planes 
of polarisation have been widened before they undergo the 
action of the second surface. 

“ In order to obtain the rotation due to a single surface, 
I took a prism of glass 
ABC, having such an Fig. 170. 

angle BAC, that a ray 
RR, incident as oblique- 
ly as possible, should 
emerge in a direction 
Rr perpendicular to the 
surface AC. I took care 
that this prism was well 
annealed, and I caused 
the refraction to be performed as near as possible to the 
vertex A, where the glass was thinnest, and consequently 
most free from the influence of any polarising structure. 
In this way I obtained the following measures. 



Angles of 
Incidence. 

87° 38'. 
o4i 50.. 
32 20.. 


Glass^ 

Inclination of Planes Rotation of 

cd^ to the Plane Plane for one 
of Reflection. Surface. 

54® 15'... 9° 15' 

4f7 25 ...,.2 25 

45 22 0 22 


I next made the following experiments with two kinds 
of glass, the one a piece of parallel plate-glass, and the other 
a piece of very thin crown. The latter had the advantage 
of separating the reflected from the transmitted light. 

Plate Glass. Croton Glass, 

Incidence. Inclination. twSTSfa. 


0°..... 

,...45° 0^.... 

... 0“ O'.... 

....45® O'... 


40 

....47 28 

... 2 28 

,....47 18... 

2 18 

55 

...49 35.,.., 

1 4 35. .. « 

,...49 19... 


67 

52 53.,.. 

7 53.... 

....58 16... 

7 16 

80 

..,.58 53..,. 

....13 53..., 

...*58 42... 

,•••<••13 42 

86i'.'.. 

’.'.‘.61 16.’.V. 

’.*...16 16.... 

,..,61 0... 



“ In order to ascertain the influence of refractive power, 
J stretched a film of soapy water across a rectangular frame 
of copper wire, and obtained the following measures; 



Water, 


Incidence. 

Inclination. 

Rotation. 

85° 

54° 17' 

9° 17' 


Metalline Glass. 


0 

45 0 

0 0 

20 

45 42 

0 42 

30 

46 50 

1 50 

4.0 

48 0 

3 0 

5.5 

51 12 

6 12 

80 


17 32 


From a comparison of these results, it is manifest that 
the rotation increases with the refractive power. 

In examining the effects produced at different inci- 
dences, it is obvious that the rotation R varies with the de- 
viation of the refracted ray ; that is, with i — f. Hence 
I have been led to express the inclination p of the planes 
of polarisation to the plane of refraction and the rotation 
by the formulae 

cot. p — cos. (i — i'), R = p — 45°. 


This formula represents the experiments so accurately, 
that when the rhomb of calcareous spar is set to the cal- 
culated angle of inclination, the extraordinary image is 
completely invisible. 

The above expression is of course suited only to the 
case where the inclination a? of the planes of polarisation. 
ad, cd (fig. 139), is 45° i but when this is not the case, the 
general expression is 

cot. t = cot. X cos. (f — e'). 

When the light passes through a second surface, as in 
a single plate of glass, the value of x for the second sur- 
face is evidently the value of p after the first refraction ; 
or, in general, calling t the inclination after any number n 
of refractions, and p the inclination after one refraction, 
cot. ^ = (cot. (f)\ 

‘‘ When ^ is given by observation we have 
cot. p = cot. A 

“ The general formula for any inclination x and any 
number n of refractions is 

cot. t = (cot, X cos. (i — and 

cot. p — ”^cot. X cos, (i — f). 

And when a; = 45° and cot. a; = 1, as in. common light, 
cot. t = (cos. (i — 
cot. p = ^^^cos. (i — i'). 

“ As the term (cos. (i — i'))” can never become equal 

to 0, the planes of polarisation can never be brought into 
a state of coincidence in a plane perpendicular to that of 
reflection. 

‘‘ In order to compare the fijrmula with experiment, I 
took a plate of well-annealed glass, which at all incidences 
separates the reflected from the transmitted rays, and in 
which m was nearly 1*510, and I obtained the following re- 
sults : 


Angles of 
Incidence. 

Angles of 
Reiiaetion. 

Rotation 

observed. 

Inclination 

observed. 

Inclination 

calculated. 



0‘ 

0' 

0‘ 

0' 

45 

0' 

45 

0' 



10 

6 

36} 

0 

13 

45 

13 

45 

6 

+ 0/ 

T 

20 

13 

6 

0 

27 

45 

27 

45 

25 

+ 0 

2 

25 

16 

15 

0 

32 

45 

32 

45 

40 

— 0 

8 

30 

19 

20 

0 

49 

45 

40 

46 

0 

— 0 

20 

35 

22 

19 

1 

12 

46 

12 

46 

25 

— 0 

13 

40 

25 

10 

1 

30 

46 

30 

46 

56 

— 0 

26 

45 

27 

65 

1 

42 

46 

47 

47 

34 

•hO 

47 

60 

30 

29 

2 

48 

47 

42 

48 

24 


42 

56 

33 

52 

3 

64 

48 

54 

48 

59 

«0 

5 

60 

35 

0 

5 

7 

50 

7 

60 

36 

— 0 

29 

65 

36 

53 

6 

48 

51 

48 

52 

7 

— 0 

19 

70 

38 

29 

a 

7 

53 

7 

53 

59 

- T -^0 

52 

7S 

39 

45 

9 

55 

54 

55 

66 

18 


23 

80 

40 

42 

12 

10 

57 

10 

59 

.5 

— 1 

55 

85 

41 

19 

16 

45 

60 

45 

62 

24 

— 1 

39 

86 

41 

21 

16 

39 

61 

39 

63 

9 

— 1 

30 

90 

41 

28 





66 

19 




‘‘ The last column but one of the table was calculated 
by the formula 

cot. ^ = cos. (cos. (; — i') 

n being in this case 2. The errors, however, being almost 
all negative, I suspected that there was an error of adjust- 
ment in the apparatus ; and upon repeating the experi- 
ment at 80°, the point of maximum error, I found that the 
inclination was fully 58° 40', givingadifiPerence only of 25 
in place of 1® 55', 

“In these experiments x^45^ and cot. x=J ; but m 
order to try the general formula when x varied from 0° in 
90®, I took the case where the angle of incidence was 80% 


Polarisa- 

tion. 




644 

Polariza- and p = 58® 40' when on = 45®. 
tion. results. 
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The following were the 


Values of a;. 

Inclination 

observed. 

Inclination 

calculated. 

Difference. 

0® 

.... 0° 0' 

0° O' 

0® 0' 

u 

7 10 

7 20 

— 0 10 

5 

... 9 40 

8 19 

4- 1 21 

TO 

...17 10 

16 25 

+ 0 45 

15 

„.24 42 

24 6 

+ 0 36 

20 

...32 30 

31 19 

+ 1 11 

25 

...39 15 

37 54 

+ 1 21 

30 

...44 10 

43 57 

4-0 13 

35 

...49 38 

49 28 

+ 0 10 

40 

...54 36 

54 31 

+ 0 5 

45 

...58 40 

59 5 

— 0 25 

50 

...63 10 


— 0 9 

55 

...66 58 

67 15 

— 0 17 

60 

...70 18 

70 56 

— 0 38 

65 

...74 8 


— 0 16 

70 

...76 56 

77 42 

— 0 46 

75 

...79 20 

80 53 


80 

...83 23 

83 68 

— 0 35 

85 

...86 23 

86 0 

4- 0 23 

90 

...90 0 

90 0 

0 0 


But 


■ The last column but one was calculated by the formula 
cot. k = cot. X . (cot. 58° 40')^. 

** In determining the quantity of polarised light in the 
refracted pencil, we must follow the method already ex- 
plained for the reflected ray, mutatis mutandis. The prin- 
cipal section of the analysing rhomb being now supposed 
to be placed in a plane perpendicular to the plane of re- 
flection, the quantity of light Q' polarised in that plane 
will be 

Q' = 1 — 2 COS.2 p, 

the quantity of transmitted light being unity. 

cot. (p r: cot. x cos. (i — i'), 

COS.^ 0 

and as cot. 0 == - . - V -> and sin-^ 0 + cos.® 0 = 1 , we have 

^ sm.® <p r 1 r 

the quotient and the sum of sin.® f and cos.® f to find them. 

tt « . (cot. X cos. 

Hence cos.® 0 = 7 ; 

^ 1 -|- (cot. X cos. (z — z')y 

and by substituting this for cos.^ p in the former equation, 
it becomes 

(cot.a;cos.(j — 

1 + (cot. X. cos. (t — i'yf 

“ Now since, by Fresnel's formula, the quantity of re- 
flected light is 

‘ 1 2 (j — tan.® (i — iy 


R 


— X ‘ 

” ^ Vsin.2 ('2 , 


S' 


i -p. f) ” tan.® (i + iy 
the quantity of transmitted light T will be 

* (^ — i') tan.® (i — iy 


Hence Q! 


"" ^ Vsin.® 

(cos. (i- 


m 

tan.® (i + i')J 
^ tan.®(z — 

r)) J 


(z+zO^ 

[n.g 

sin.® (i 4 . z') tan.® (z 4 - z' 


-0: 


fl— i y V 

\ l 4 .(cos. (z z')| 

‘‘ This formula is applicable to common light, in which 
cot. 0=1 disappears from the equation ; but, on the same 
principles which we have explained in a preceding paper, 
it becomes for partially polarised rays and for polarised 
light, 


ICS. 

In all these cases the formula expresses the quantity of Polariza- 
light really or apparently polarised in the plane of refrac- ^ 
tion. 

“As the planes of polarisation of a pencil polarised 4 - 45® 
and — 45® cannot be brought into a state of coincidence 
by refraction, the quantity of light polarised by refraction 
can never be mathematically equal to the whole of the 
transmitted pencil, however numerous be the refractions 
which it undergoes ; or, what is the same thing, refraction 
cannot produce rays truly polarised, that is, with their 
planes of polarisation parallel.'^ 

2 . On the partial Polarisation of Light by one or more 
Refractions. 

“ The analysis given in the preceding paragraphs, of the 
changes produced on common light, considered as repre- 
sented by two oppositely polarised pencils, furnishes us 
with the same conclusions respecting the partial polarisa- 
tion of light by refraction which we have already deduced 
respecting the partial polarisation of light by reflection. 

Each refracting surface produces a change in the position 
of the planes of polarisation, and consequently a physical 
change upon the transmitted pencil by which it has ap- 
proached to the state of complete polarisation. 

“ This position I shall illustrate by applying the for- 
mula to the experiments in a preceding page. 

“ According to the first of these, the light of a wax- 
candle at the distance of ten or twelve feet is wholly po- 
larised by eight plates or sixteen surfaces of parallel plate- 
glass at an angle of 78® 52'. Now I have ascertained that 
a pencil of light of this intensity will disappear from the 
extraordinary image, or appear to be completely polarised, 
provided its planes of polarisation do not form an angle of 
less than 88 |® with the plane of refraction for a moderate 
number of ^ates, or 88 ^® for a considerable number of 
plates, the difference arising from the great diminution of 
the light in passing through the substance of the glass. In 
the present case the formula gives 

cot. 6 = (cos. (z — z'))^® and & = 88 ® Siy ; 

so that the light should appear to be completely polarised, 
as it was found to be. 

“ At an angle of 61® 0' the pencil was polarised by twen- 
ty-four plates or forty-eight surfaces. Here 

cot. a = (cos. (i — = 89° 36'. 

“ At an angle of 43® 34/ the light was polarised by forty- 
seven plates or ninety-four surfaces. Here 

cot. 6 = (cos. (z — z'))®* and ^ = 88 ® 27'. 

“ It is needless to carry this comparison any further ; but 
it may be interesting to ascertain by the formula the small- 
est number of refractions w^hich will produce complete 
polarisation. In this case the angle of incidence must be 
90®. 

“Hence, 0 = 56® 29' and (cos. (z‘ — z'))® gives 88 ® 36', 

and (cos. (z — z'))^® 89® 4' ; that is, the polarisation will be 

nearly complete by the most oblique transmission through 
four and a half plates or nine surfaces, and will be perfect- 
ly complete through five plates or ten surfaces." 




COS.® 04 


tan.®(z — if) 


2 (cot. 0 cos, (z z') )® \ 

1 4- (cot. 0 cos. (z — f))v * 


tan.®(z 4 .Z') 


sin. 


'*)) 


Sect. IV . — Comparison of the Lazos of Intensity for 
Light polarised by Reflection and Refraction. 

“ Having obtained formulae for the quantity of light po- 
larised by refraction and reflection, it becomes a point of 
great importance to compare the results which they furnish. 
Calling R the reflected light, these formulae become 
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Polariza- 

tion. 


q=r(i 


Q' = l_R(l 


(> 


( cos, (i + 
cos , (i — i') / 

+ ^£2^ZL+joy 

Vcos. (i — 

> (cos, (i — i') y 


, and 


0 * 


(p + (cos. (i — 

« But these two quantities are equal, and hence we ob- 
tain the important general law, that, — At the first surface 
of all bodies^ and at all angles of incidence^ the quantity of 
light polarised by refraction is equal to the quantity polar- 
ised by reflection. I have said ‘ of all bodies^ because 
the law is equally applicable to the surfaces of crystallized 
and metallic bodies^ though the action of their first surface 
is masked or modified by other causes. 

‘‘ It is obvious from the formula that there must be some 
angle of incidence where R = 1 — R, or the reflected 
equal to the transmitted light. When this takes place, 
we have sin.® <p = cos.® <f / ; that is. 

The reflected is equal to the transmitted lights when the 
inclination of the planes of polarisation of the reflected 
pencil to the plane of reflection^ is the complement of the 
inclination of the planes of polarisation of the refracted 
pencil to the same plane ; or, if we refer the inclination of 
the planes to the two rectangular planes into which the 
planes of polarisation are brought, — The reflected will be 
equal to the transmitted light when the inclination of the 
planes of polarisation of the reflected pencil to the plane of 
reflection is equal to the inclination of the plane of polari- 
sation of the refracted pencil to a plane perpendicular to 
the plane of reflection. 

In the following table, the inclination of the planes of 
polarisation of the reflected and the refracted pencil, and 
the quantities of light reflected, transmitted, and polar- 
ised, at all angles of incidence upon glass, m being equal 
to 1*525, and the incident light = 1000, are given : 


ises it is there a minimum. At the maximum polarising Pokriza- 
light, Q,is only 79*5, because the glass is incapable of re- 
fleeting more light at that angle, otherwise more would 
have been polarised. The value of Q, then, rises to its 
maximum at 78° 7', and descends to its 'minimum at 90° ; 
but the polarising force has not increased from 56° 4*5' to 
78° 7', as the value of shows. It is only the quantity of 
reflected light that has increased which occasions a greater 
quantity of light to disappear from the extraordinary image 
of the analysing rhomb. 

The case, however, is different with the refracted light. 

The value of O' has one minimum at 0°, and another at 
90°, while its maximum is at 78° 7'; while the force has 
its minimum at 0°, and its minimum at 90°, where its 
effect is a minimum only because there is no light to po- 
larise. At the incidence of 78° 7', where the quantities 
G, Q! reach their maxima, the reflected light is exactly 
one half of the transmitted light ; sin.® p' =: cos.® p and tan. 
p' = cos. p. 

At 85° 50' 40", where the transmitted light is one half 
of the reflected light, the deviation (i — «') = 45°, and the 
quantity of polarised light is one third of the transmitted 
light, one sixth of the reflected light, and one ninth of the 
incident light. Sin,^ p' : cos.® p = reflected light : trans- 
mitted light, and cot. p = sin. {i — i'), 

“ At 45° we have (i -f- f) -f- (i — i') = 90° and p'rr (i — i'), 

cos.(i^i') fsin.fi — i'))* 

tan. (z — i')z=: and lan.ft — ^0 == / 

^ cos, (z — ^ J (sin.( 2 -f /))® 

“ At 56° 45', the polarising angle, the formula for reflect- 
ed light becomes R = ^ (sin.® (i — Hff ; but at this angle 
we have i' = 90° — i. Hence we obtain the following sim- 
ple expression in terms of the angle of incidence, for the 
quantity of light reflected by all bodies at the polarising 
angle : 

R=:|-(cos.2i)V' 


Angles of Inci- 
dence. 


Angles of Re> 
fraction, 

V. 

Inclination of 
Plane of Polari- 
sation of the Re- 
flected Light, 

Inclination of 
Plane of Polari- 
sation of the Re- 
fracted Lignt, 

Quantity of 
Light Reflected, 

Quantity of 
Li^t Transmit- 
ted, 1 — R. 

Quantity of 
Light Polarised, 
Q. 

0“ 

0' 

0° 0' 

46* 0' 

45® 0' 

43*23 

956-77 

0* 

2 

0 

1 18§ 

44 67 

45 0*7 

43-26 

956*74 

007 

10 

0 

6 32 

43 51 

46 3 

43-39 

956*61 

1*73 

20 

0 

12 58 

40 13 ■ 

45 13 

43*41 

956-59 

7*22 

26 

0 

16 6 

37 21 

45 21 

43-64 

956*36 

11-6 

30 

0 

19 84 

33 40 

45 31 

44-78 

955-22 

17*24 

36 

0 

22 6 

29 8 

45 44 

46-33 

983-67 

24-4 

40 

0 

24 50 

23 41 

46 0 

49*10 

950-90 

32-2 

45 

0 

27 374 

17 224 

46 20 

83-66 

946-33 

44-0 

50 

0 

30 9 

10 18 

46 45 

61-36 

938-64 

57*4 

50 45 

33 15 

0 0 

47 29 

79-5 

920*5 

79 6 

60 

0 

34 36 

5 44 

47 544 

93-31 

906 69 

91*6 

65 

0 

36 28 

12 45 

48 42 

124-86 

875-14 

112*7 

70 

0 

38 2 

18 32 

49 28 

162*67 

837*33 

129-8 

75 

0 

30 18 

26 52 

60 65 

257-66 

742*44 

152 3 

78 

0 

39 54 

30 44 

51 48 

329-95 

670*05 

157*6 

78 

7 

39 55 

30 53 

61 60 

333-20 

666*80 

167-65 

79 

0 

40 4 

31 59 

62 7 

369-27 

640*73 

167 6 

80 40 

40 13 

33 13 

62 274 

.^91-7 

608*3 

156*7 

82 

4 

40 36 

36 22 

53 26^ 

499 44 

500-56 

145-4 

84 

0 

40 42 

38 2 

63 57 

560-32 

439-68 

134-93 

85 

0 

40 47 

39 12 

54 22 

616-28 

383*72 

123*7 

85 50i 

40 50| 

40 12 

54 44 

666-44 

333*56 

111-11 

86 

0 

40 51 

40 22^»g 

. 54 48 

676-26 

323-74 

108-67 

87 

0 

40 54 

41 32^ 

65 16 

744-11 

255-89 

89*8 

88 

0 

40 67i 

41 23 

55 43 

819*9 

180-1 

65-9 

89 

0 

40 68 

43 51 

56 14 

904*81 

95-19 

36*3 

90 

0 

40 68 

45 0 

66 29 

1000- 

*0* 

0* 


It is obvious, from a consideration of the principle of 
the formula for reflected light, that the quantity of polar- 
ised light is nothing at 0°, because the force which polar- 


Sect. V. — On the Action of Single Plates and Single Sur- 
faces in polarising Light by Reflection and Refraction* 

' In the article Polarisation oe Light in this work, M. 
Arago has described an elegant experiment, from which he 
deduced the conclusion, that the quantity of polarised light 
contained in the pencil transmitted by a transparent plate is 
exactly equal to the quantity of light polarised at right angles^ 
which is found in the pencil reflected by the same plate. 

Now this law is true only at the maximum polarising 
angle, the two pencils being unequal at all other angles of 
incidence. The apparent equality observed by M. Arago 
seems to have arisen from other light being blended with 
the pencils. In order, therefore, to obtain the true law 
for single plates, we must determine it for a single surface. 

In order to do this, Sir David Brewster employed a 
well-annealed prism of co- 
lourless glass, in place of a 
plate of glass, and he made 
the ray BI from a sheet of 
whitepaper BA enter the sur- 
face FD perpendicularly at I, 
while another ray AS was re- 
flected to the eye from the 
surface ED of the prism. 

He then made the experi- 
ment with a doubly refract- 
ing prism C in the manner 
described by M. Arago, and 
obtained the law for a single 
surface^ viz. 

That the quantity of pola- 
rised light in the pencil re- 


Fig. 171. 
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Polariza* fracted hy a transparent surface is exactly equal to the 
tion. quantity in the pencil reflected hy it 

That is, what was supposed to be true of plates is true 

only of surfaces. , . , . , 

The action of a single plate on light, involving the com- 
bined action of three refractions and two reflections, with- 
out following the light beyond one internal reflection, is suf- 
ficiently complex, and has been analysed in the following 

manner by Sir David Brewster;— 

He took a plate of glass of the form MN (fig. 172), 
having an oblique face Md cut upon one of its ends. 



Pig. 172. 

A ray of light RA, polarized + 45° and - 45°, was 
made to fall upon it at A, at an angle of incidence of nearly 
83°, so that the inclination of the planes of polarization 
of the reflected ray AP was about 36^°. Now the ray 
AC, after reflection in the direction CS, without any re- 
fraction at B, where it emerges perpendicularly to Me?, 
would also have had the inclination of its planes of polari- 
zation equal to 36^° if there had been no intermediate 
refraction at A ; but this refraction alone being capable of 
producing an inclination of 53°, or a rotation of 53° — 45° 
=8°, and this rotation being in an opposite direction from 
that produced by the second reflection at C, the inclina- 
tion of the planes of polarization for the ray CS is nearly 
44^° the reflection of C having brought back the ray AC 
almost exactly into the state of natural light. 

“ Without changing either the light or the angle, I ce- 
mented a prism Med on the face Md, so that cd was paral- 
lel to c?N, and I found that the second refraction at 5, 
equal to that at A, changed the inclination of the planes 
of polarization to 53° ; that is, the two refractive actions 
at A and b had overcome the action of reflection at C, and 
the pencil hs actually contained light polarized perpendicu- 
lar to tlie plane of reflection. 

“ When the pencil RA is incident on the first surface at 
the polarizing angle or 56° 45', the rotation produced by 
refraction at A is about 2°, or the inclination I = 45° 
+ 2° = 47° ; but the maximum action of the polarizing 
force at C is suflScient to make 1 = 0° whether x is 45° or 
47**. Hence CB is completely polarized in the plane of 
reflection, and the refractive action at b is incapable of 
changing the plane of polarization when I = 0° ; the rea- 
son is therefore obvious why the two rotations at A and 
i, of 2° each, produce no effect at the maximum polarizing 
angle. 

‘‘ If we now call 

(p = inclination to the plane of reflection produced by 
the first refraction at A, 

= inclination produced by the reflection at C. 

(p" = inclination produced by the second refraction at 5, 
We shall have 


cot <p =cos or tan (Z)= t; — ^ r, 

^ ^ ^ cos(^-^)^ 

tan d ^ tan a; ^ 

cos {i - 1 ) (cos (^ — i) 

cot ^"=cot X (cos (z-f) )= . 

' '' cos (^ + ^ ) 

** These 'formulse are suited to common light, where 
=45°, but when x varies they become 


cot (p =cot a: (cos (e — 0 ), 

* ^ / cos(e + t') \ 

^ (cos (e-O f \ ^ 
^ cos (i + 1 ") J " 


Polariza- 

tion. 


cot 0 =cot a? 


“ Resuming the formula for common light, — viz., cot 0 

= (j ? .. ) ) It ig obvious that when (cos 

cos (^ + ^) 

= cos (^4■0? = h and (p"=45° ; that is, the light is 

restored to common light. 

‘‘ In glass where w= 1*525 this effect takes place at 
78° 7', a little below 78° in diamond, and a little above 80° 
in water. 

“ At an angle below this 0 becomes less than 45°, and 
the pencil contains light polarized in the plane of reflec- 
tion ; while at all greater angles 0 is above 45°, and the 
pencil contains light polarized perpendicular to the plane 
of reflection. Hence we obtain the following curious 
law : — 

‘ A pencil of light reflected from the second surfaces of 
transparent plates^ and reaching the eye after two refrac- 
tions and an intermediate reflection^ contains^ at all angles 
of incidence from 0° to the maximum polarizing angle, a 
portion of light polarized in the plane of reflection. Above 
the polarizing angle the part of the pencil polarized in the 
plane of reflection diminishes till co^ ( 2 -h«)~(cos e— e) )\ 
when it disappears, and the whole pencil has the character 
of common light Above this last angle the pencil contains 
a quantity of light polarized perpendicular to the plane of 
reflection^ which increases to a maximum, and then dimi- 
nishes to zero at 90°.’ 

“ Let us now examine the state of the pencil CS' after 
only one refraction and one reflection. Resuming the for- 


mula tan it is evident that when (cos 

{i -z ) =cos (e + O? (p' = 45°, and the light restored to 
common light. This takes place in glass at an angle of 
82° 44^ .At all angles beneatli this the pencil contains 
light polarized in the plane of reflection ; but at all angles 
above it, the pencil contains light polarized perpendicular 
to the plane of reflection, the quantity increasing from 
82° 44' to its maximum, and returning to its minimum at 
90°. 


“ Let us now apply the results of the preceding analysis 
to M. Arago’s experiment. Suppose the angle of incidence 
to be 78° 7', and let the light polarized by reflection at A 
(fig. 172) be =m, and that polarized by one reflection also 
Then, since the pencil hs is common light, the po- 
larized light in the whole reflected pencil AP, hs, is = m, 
whereas the light polarized by the two refractions is = 2m ; 
so that the experiment makes two quantities appear equal 
when the one is double that of the other. If the angle 
exceeds 78° 7', the oppositely polarized light in the pencil 
hs will neutralize a portion of the polarized light in the 
pencil AP, and the ratio of the oppositely polarized rays 
which seem to be compensated in the experiment may be 
that of Zm or even 4w to 1. 

‘‘We may now obtain formulm for computing the exact 
quantities of polarized light at any angle of incidence, either 
in the pencil CBS or bs. 

“ The primitive ray RA being common light, AC will 
not be in that state, but will have its planes of polarization 
turned round a quantity x by the refraction at A ; so that 
cot a;=cos Hence we must adopt for the measure 

of the light reflected at C the formula of Fresnel for po- 
larized light whose plane of incidence forms an angle x with 
the plane of reflection. The intensity of AC being known 
from the formula for common light, we shall call it unity, 
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Poiariza- intensity I of the two pencils polarized -a; and 

tion. to the plane of reflection will be 


sin^ {i — i') 
sin*^ (^ + i') 


cos* ar + 


tan* (^ - i') 
tan* (e + 2') 


sin* X, and 




Q=I 


1-2 




cos \ 2 

(cos (^-^'))7 


V 


+ 1 


V(cos (i- i') y) 


“ In like manner, if the intensity of CBi=l, we have 


tan x= 


cos (2 + e') 
(cos (2-2') )*’ 


and the intensity I of the transmitted pencil hs 


1=1 


sin* {i - i') 
sin* (i+/) 


cos* a; + 


tan* (2 - 2') 
tan* (2 + 2') 


sin* a?, and 




Q- 


11-2 


V 


1 + 


/ (cos (s-i'O y \ 

\ cos (2+2') y 
/ (cos 2-2^) y \ 2 
\ COS (2+2') 


The following table, computed from the formulae in 
the preceding page, shows the state of the planes of po- 
larization of the three rays AC, CS, and bs. 


Analo of In- 
cidence on 
tbo first 
Surface. 

Angle of Re- 
fraction at 
First Surface, 
and Angle of* 
Incidence on 
Second Sur- 
face. 

Inclination 
of Plane of 
Polarization 
ofAC,fig.l72. 

Inclination 
of Plano of 
Polarization 
ofcs,eg.m. 

Inclination 
of Plane of 
Polarization 
of 6s, fig 172. 

0“ 0' 

0® 0' 

45® 0' 

46® 0' 

45® 0' 

32 0 

20 33 

45 34 

32 20 

32 51 

40 0 

25 10 

45 68 

24 12 

24 56 

46 0 

27 56 

46 17 

17 49 

18 38 

66 30 

33 30 

47 22 

0 0 

0 0 

67 0 

37 34 

48 67 

1 18 20 

20 50 

70 0 

38 30 

49 33 

23 34 

27 6 

75 0 

39 46 

60 45 . 

32 22 

37 48 

78 37 

40 29 

61 49 

38 10 

44 59 

79 0 

40 33 

51 56 

38 49 

45 46 

80 0 

40 42 

52 16 

40 27 

47 46 

83 0 

41 5 

63 21 

44 39 

63 40 

86 30 

41 23 

54 47 

60 58 

60 13 

90 0 

41 58 

56 29 

56 29 

66 19 


Sect. F/.—Gn xnE Polarization or Light bt Absorp- 
tion AND Dispersion. 

- . ^ In the preceding section we have considered common 
tion bTab- l*ght as consisting of two pencils of polarized light, having 
sorption, their planes of polarization at right angles to each other. 
&c. The very same results would take place if we considered a 
beam of light as consisting of two sets of polarized rays, all 
those of one set having their planes of polarization in every 
possible direction, and of another set having their planes of 
polarization at right angles to those of the former.^ In this 
view of the subject common light is polarized when it issues 
from the luminous body, and when we polarize it or decom- 
pose it by double refraction, or polarize it completely by 
reflection or refraction, we merely separate the one-half of 
it polarized + from the half.polarized-. This effect its 
analogous to the decomposition of white light into is 
colours. All the colours exist in the sun’s light, and they 


are merely separated by prismatic refraction, or by inter- Polariza- 
ference, or by absorption, 

Now common light may also be decomposed by disper- 
sion and absorption ; that is, if we can contrive any method 
of dispersing or absorbing one of the two polarized pencils 
of common light, we shall exhibit the other pencil in its 
state of natural polarization. 

Crystals in which this effect is produced are called singly- 
polarizing or singly-refracting crystals. They were first 
observed and described by Sir David Brewster in the year 
1812 .* The first mineral in which he discovered this pro- 
perty was the agate^ in which one of the pencils is dispersed Agate, 
into a nebulous mass of light, sometimes of the form of a 
crescent, so that the bright image was all polarized in one 
plane, like one of the pencils of Iceland spar. The mass 
of nebulous light, too, was always polarized in a plane per- 
pendicular to that of the bright image. 

The same author discovered a similar property in certain Carbonate 
specimens of the carbonate of barytes^ which exhibited of barytes, 
several interesting phenomena^ in thick crystals of mica,* 
and in mother-of-pearl,^ and very curiously in oil of mace,® 
and other substances. The same property he found in 
various artificial crystals, but particularly in nitre. 

Another very beautiful example of polarized nebulous 
images was observed by the same author in an artificial 
kind of nacre already referred to, in which there are three 
nebulous polarized images, with a bright image inclosed in 
the middle one of the three nebulous images.^ 

A similar property was discovered in 1815 in the tour- 
malinBy nearly about the same time, by M. Biot and M. Une. 
Seebeck, the priority belonging to the former. This crys- 
tal has double refraction, like all other crystals of the same 
class; but when it is cut by planes passing through the 
axis of the crystal, and has a certain thickness (about the 
25 th of an inch, but which varies in different specimens), 
it transmits only one of the pencils formed by double re- 
fraction. The pencil polarized in the plane of the principal 
section is- absorbed, or somehow or other lost, while the one 
depolarized at right angles to that section is transmitted. 

If we take two such plates of tourmaline, and place them 
with their axes parallel, the unabsorbed pencil will be freely 
transmitted through both ; but if we begin to turn one of 
them round, the light will become fainter and fainter, and 
the luminous object will vanish entirely when the axes are 
at right angles to each other. By continuing to turn, the 
image again appears, reaches its maximum when the axes 
are parallel, and then vanishes when the axes are at right 
angles. 

In all the singly-refracting and polarizing crystals above 
enumerated, the effects described arise from a certain 
degree of imperfection in the structure and combina- 
tion of the elementary crystals, by which one of the po- 
larized pencils is reflected or absorbed 5 but Sir David 
Brewster found that the same property may be commu- 
nicated to any crystal, merely by altering its superjmal 
conformation. 

If we take a hexahedral prism of, nitrate of potash, and 
observe a luminous object through two of its inclined sur- 
faces that have a good natural or artificial polish, we shall 
perceive two distinct and perfectly-formed images. If we 
now roughen these two surfaces, and cement upon each of 
them a plate of glass by means of balsam of capivi, the 
character of the two images will be greatly changed. The 
image that has suffered the greatest refraction will be as 
distinct as before, but the other image will be either of a 
faint reddish colour or wholly invisible, according to the 
degree of roughness induced upon the refracting surfaces. 


1 PA«7. Trans. 1815, p. 149 ; ibid. 1830, p. 84. 

2 Treatise on New PhilosopMcal Instruments f p. 329; see also Phil. Trans. 1813, p. 101 : ibid. 1814, p. 188. 

3 Min. Trans., vol. vii., p. 289. ^ Phil. Trans. 1814, p. 225. ® Ibid. 1814. « Ibid., pp, 27 and 38. ^ Ibid. 1836, p. 53. 
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Polariza- When oil of cassia is used, the least refractive image^ if 
tion. visible beforCj will now be coMpletelg extiuguished* 

By substituting pure alcohol, or the white of an egg, in- 
stead of the balsam, the least refracted image will become 
distinct, and the most refracted image will be either a mass 
of nehulous light, or almost invisible. 

In order to explain these phenomena, we must recollect 
that tlie index of refraction for the ordinary image of nitre 
is 1*511, and that of the extraordinary 1*328. When 
’the rough surface of the nitre is covered with balsam of ca- 
pivi, which has nearly the same index of refraction as the 
ordinary image, the same effect is produced as if the rough 
surface had been polished for the ordinary rays. All the 
little pits or depressions in the rough surface being filled up 
with balsam, the ordinary rays sufter little or no refraction 
in penetrating the crystal, and therefore the image which 
they form will be as clear and distinct as in the first expe- 
riment. But since the index of refraction for the extraor- 
dinary image is much less than that of the balsam, the rays 
of which it is composed will not enter the crystal undis- 
turbed, but will be scattered in the same manner as if its 
surface was rough, and had a refractive power correspond- 
ing to the difference between the index of refraction for the 
extraordinary ray, and the index of refraction for the bal- 
sam. When water or alcohol is substituted in room of the 
balsam, the effects now described are interchanged, the 
' roughness being removed for the extraordinary rays by the 

application of a fluid of the same refractive density, while 
the rays that form the ordinary image are dispersed by the 
refractions which still exist at the rough surface of tlie 
crystal. 

These effects will be better understood by supposing the 
crystal to consist of an extraordinary and an ordinary me- 
dium, arranged in alternate strata, or as water exists in wet 
hydrophanous opal. When the superficial polish of both 
these media is removed, the application of the balsam re- 
stores, as it were, the polish of the ordinary medium, with- 
out restoring that of the extraordinary medium ; while the 
application of the alcohol restores the polish of the extra- 
ordinary medium without restoring that of the ordinary 
medium. 

These results were repeatedly obtained with calcareous 
spar, array onite, nitre, carbonate of potash, and other crys- 
tals {Phil. Trans., 1819) ; and we have now before us a 
singly polarizing prism of Iceland spar, made nearly forty 
years ago, which answers all the common purposes of a. 
plate of tourmaline or a parcel of glass plates. 


Sect. VIL — On the Depolakization op Light, and the 
C oiiOUKS OP THIN Crystallized Plates in Polarized 
Light. 

The phenomena which we are about to describe are 
among the most splendid in optics. They were discovered 
by independent observation by M. Arago and Sir David 
Brewster, the priority of discovery belonging to M. Arago. 
The very same colours, indeed, as we shall presently see, 
had been observed by Huygens, Robison, Malus, and others, 
in Iceland spar ; but they were not aware of their nature 
and origin. 

There are four methods of exhibiting these colours, 
which may be used at pleasure, and each of which has its 
advantages. 

First me- 1. If we take a plate of agate or tourmaline, or He- 
thod of rapath’s artificial tourmaline,^ or any other of the artificial 
the^^h^o- crystals already described, and having cut 

meua. 


ICS. 

it into two parts, each of which is at least equal to the dia- Polariza- 
meter of the pupil of the eye, though this is not absolutely tion. 
requisite, fix each of them above an aperture in a piece of 
card or brass, so that no light passes at their edges. Let 
them be now placed at the distance of an inch or more, the 
one near the eye being capable of turning round the axis 
of vision ; and let this last be turned into such a position 
that the light of the sky, or that of a flame enlarged by a 
lens placed near it, is no longer able to penetrate the second 
singly-refracting plate. 

If we now introduce between the two plates of tourma- 
line, for example, a plate, either thick or thin, of any 
doubly-refracting substance, we shall observe very curious 
effects. If the plate is thick, such as one of sulphate of 
lime, the 30th of an inch and upwards, we shall And that 
the insertion of the plate has revived, as it were, the light 
which refused to pass through the second plate, and this 
light will be white. If we turn the sulphate of lime round, 
we shall ^ndfour positio7i$, 90® from each other, in which 
the revived light is a maximum ; and other four bisecting 
these, and also 90° from each other, in which the light entirely 
vanishes, as before the sulphate of lime had been intro- 
duced. 

This property of reviving the light has been called the 
depolarization of light, because the sulphate of lime de- 
prives the rays polarized by the first plate of that kind of 
polarization which prevented them from penetrating the 
second plate. 

But if the plate is thin, between the 50th and 75th of an 
inch, we shall have precisely the same phenomena, with this 
difference only, that the restored light is brilliantly coloured. 

The colours vary in intensity, like the white light, disap- 
pearing in the positions 0°, 90°, 180°, and 270°, and reach- 
ing their maximum at 45°, 135°, 225°, and 315°, If we 
now turn the plate of tourmaline next the eye round 90°, so 
that the axes of the two plates are parallel, and the pencil 
polarized by the first freely transmitted by the second, and 
if we then introduce the same plate of sulphate of lime as 
before, we shall now find that in the four positions of it, 

— ^viz., 0°, 90°, 180°, and 270°, where no light or colours 
were formerly, nothing but white light is visible ; but that 
at the positions 45°, 135°, 225°, and 315°, where the maxi- 
ma of light and colour took place, we have the maxima of 
a colour complementary to that formerly seen, the intensity 
of this colour gradually increasing from nothing at 0°, 
reaching its maximum at 45°, again diminishing to 90°; and 
so on with the other quadrants. These colours are called 
the colours of crystallized plates, or the colours of polarized 
light. 

In the preceding experiment with plates of tourmaline, 
we see only one of the two complementary colours, wliile the 
position of tlie tourmaline remains the same. The disad- 
vantage of using the tourmalines is, that from their brown 
colour the brilliancy of the polarized colours is greatly in- 
jured ; and the tourmalines therefore cannot be employed, 
either when we wish to have the most brilliant representa- 
tions of the phenomena, or when it is necessary to study the 
exact tints developed. 

But if we use the plates of agate or of roughened Ice- 
land spar in the same manner, we shall not only have iden- 
tically the same phenomena of colour in the bright and 
distinct image formed by the agate with a purer light ; but 
we shall have the additional phenomenon of this bright co- 
loured image placed in the middle of a nebula or haze of the 
coinplementary colour, so that we here see both the colours 
at the same time, and without any of the superadded brown 
colour imparted by the tourmaline. If the colour of the 


^ These arttjUciaJ towrmaZirt«s are thin crystals of the sulphate of iodo-quinine, which are impervious to light when crossed at right 
angles. Dr Herapath has made them six-tenths of an inch in breadth. 
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Mortality, TABLE VI. — Eoohihiting the Expectation of 
Law of. Life in Sweden and Finland^ toth according 
to Columns A and D of the preceding Table. 



A. 

D. 


A. 

D. 

Age. 

More 

Correct. 

Less 

Correct. 

Age. 

More 

Correct. 

Less 

Correct. 


Expectation of Life. 


Expectation of Life. | 

0 

39*385 

30-863 

50 

18*651 

18*159 

5 

50*014 

45*719 

55 

15*550 

15-384 

10 

47-629 

44*361 

60 

12*598 

12*562 

15 

43*809 

41*019 

65 

9-933 

9 978 

20 

39*980 

37*531 

70 

7*497 

7-636 

25 

36-330 

34*299 

75 

5*665 

6-762 

30 

32*684 

30*983 

80 

4*165 

4*259 

35 

29*063 

27-650 

85 

3*232 

3*361 

40 

25*495 

24*382 

90 

2*357 

2*770 

45 

22066 

21*294 

95 

1*700 

1*167 




TABLE Yil.^-^Exhibiting the Increase of the Total Pop. Mortality, 
of Sweden and Finland^ cmd the Decrease of the Ahsol- Law of. 
ute Number above 90 Years of Age, throughout the latter 
half of the Eighteenth Century. 


In tlie Year 

Total Pop, of Swe- 
den and f inland. 

Above 90 
Years. 

Who were born be- 
tween tlie Years 

1757 

2,323,195 

1609 

1667 and 1667 • 

1760 

2,367,598 

1574 

1660 ... 1670 

1763 

Mean No. between 

2,446,394 

1515 

1663 ... 1673 

1776 and 1780 j 

2,706,757 

1082 

1676 . 

. 1690 

1781 . 

. 1786 

2,823,826 

1014 

1681 . 

. 1695 

1786 . 

. 1790 

2,884,834 

1072 

1686 . 

. 1700 

1791 . 

. 1795 

2,974,447 

907 

1691 . 

. 1706 

In 1800 

3,182,132 

637 

1700 . 

. 1710 

In 1805 

3,320,647 

837 

1705 . 

. 1715 


(j. M.) 


APPENDIX. 


The following Tables will be found to contain, in a condensed form, the most important vital statistics of England 
published on this subject since the above article was written : — 

Annual Rate per Cent, of Marriages, Births, and Deaths in England, during the Years 1847-57. 



18t7. 

1848. 

1849. 

1850. 

1851. 

1852. 

1853. 

1854. 

1855. 

1856. 

Mean. 

1847-56. 

1857. 

Estim. Pop. of Eng. in \ 













thousands in middle of 1 

17,132 

17,340 

17,552 

17,766 

17,983 

18,206 

18,403 

18,619 

18,787 

19,045 

— 

19,304 

each year. J 





Marriages 

*793 

•797 

*808 

mm 

•858 

•872 

•894 

•858 

*810 

*836 

*839 

— 

Births J 

3-162 

3-247 

3*294 


3*425. 

3*428 j 

3*328 


3-380 

3*464 

3*346 

— 

Deaths 

2*471 1 

2*306 

2*612 


2*199 

2*236 1 

2*288 i 

2*352 

2*266 


2*276 

— 


Annual Rate of Mortality per Cent, of Males and Females at different Ages in England. 


Deaths to 100 Males living. 


Years— 

1838. 

1839. 

1840. 

1841. 

1842. 

1843. 

1844. 

1845. 

1846. 

1847, 

1848. 

1849. 1 

1 1850 , 

Average 

1838-50. 

All ages- 

2*343 

2*281 

2-377 

2-242 

2-244 

2*206 

2-245 

2*173 

2*398 

2*549 

2-394 




0 

7*041 

7*167 

7*542 

6*843 

7-048 

6*898 

6-984 

6*665 

7*760 

7*588 

7-401 

7-513 

6-695 

r'i66 

5 1 

•901 

*904 

1*083 

•956 

•901 

•844 

•897 

•823 

‘8251 

*970 

1-043 

1-124 

•814 

•930 

10 

-519 

•512 

*542 

•510 

•601 

■478 

■473 

•466 

*507! 

•650 

*530 

*646 

*467 

•516 

15 

•851 

•819 

-832 

•811 

•783 

■772 

-763 

•781 

*859 

•929 

•858 

-951 

*717 

•825 

25 

1-064 

•986 

*995 

■978 

*928 

-924 

*940 

-926 

1*025 

1-100 

1-026 

1-243 

•879 

1-001 

35 

1-342 

1*255 

1*266 

1-217 

1-197 

1-218 

1*226 

1*202 

1*272 

1*436 

1*303 

1-681 

1*166 

1*283 

•46 

1-949 

1-798 

1*796 

1-785 

1-733 

1-722 

1*750 

1-715 

1*800 

2-065 

1-864 

2-262 

1*716 

1*843 

56 

3-410 

3*192 

3-142 

3-137 

3-041 

3*008 

3*051 

2*975 

3*129 

3 649 

3266 

3-655 

2*980 

3*203 

65 

6-916 

6*421 

6*678 

6-482 

6*595 

6*578 

6*736 

6*491 

6*758 

7*696 

6-793 

7-244 

.6*306 

6-746 

! 75 

14-752 

13-874 

14*488 

14-266 

14*578 

14*090 

14*661 

14*400 

15-070 

17-326 

14-986 

15*187 

14-019 

14*745 

85 

29*745 

27-923 

30-242 

29-650 

29*438 

28-768 

31*716 

30 191 

32*214 

35*653 

30-622 

29*976 

28*655 

30-363 

95&up. 

49*699 

43-112 

48-498 

46*633 

46*427 

45*681 

43-228 

49-033 

51-661 

66*607 

42-436 

42*869 

38-560 

46*494 

Deaths to 100 Females living. 


All ages- 

2-136 

2-094 

2-205 

2-085 

2*100 

2-048 

2*085 

2-013 

2*222 

2-381 

2-225 

2-447 

2014 

2*158 

0 

6*047 

6*138 

6-432 

5*861 

6*023 

6-897 

5*885 

5*657 

6-675 

6*553 

6*396 

6*488 

5*738 

6*138 

6 

•895 

*935 

1*113 

i ‘963 

•925 

■848 

1 *902 

•800 

•813 

•951 

•997 

1*102 

•810 

•927 

10 

•643 

*636 

•569 

•520 

•512 

■485 

i *603 

•476 

•533 

•677 

•566 

•653 

•491 

*.536 

15 

*864 

*848 

•868 

•842 

•830 

•784 

•810 

*816 

•870 

•919 

-878 

1-000 

•777 

•853 

26 

1*046 

1-007 

1*033 

1-007 

1-003 

•976 

1-006 

•980 

1-048 

1-173 

1*090 

1-347 

•988 

1*054 

35 

1*313 

1*248 

1*269 

1227 

1*220 

1-227 

1*200 

1*188 

1*242 

1*422 

1*301 

1-617 

1-169 

1*280 

45 

1*660 

1*549 

1*567 

1-542 

1*526 

1-484 

1*525 

1-467 

1*559 

1-789 

1-589 

1-998 

1*473 

1*694 

56 

2*977 

2-730 

2*829 

2*740 

2*744 

2-692 

2*773 

2-668 

2-783 

3-226 

2*860 

3-365 

2*625 

2*846 

65 

5*919 

5-554 

5*899 

5-841 

6*013 

5-877 

6*052 

6*856 

6*166 

6*964 

6*072 

6-596 

5-717 

6*040 

75 

13-281 

12*519 

13*541 

13-375 

13-084 

13-037 

13*494 

13-036 

] 3*794 

15-945 

13-604 

14*028 

12*684 

13*494 

85 

26-463 

25-242 

28*394 

28*255 

28*438 

27-635 

28*434 

27*669 

30*350 

32-104 

27*623 

i 28-028 

25*922 

28-037 

95&up. 

1 41-099 

39-915 

46*199 

45*907 

42*832 

46-679 

44-616 

42*036 

62-200 

63 230 

46*816 

43-323 

42*927 

45*214 


The Table may be read thus : — Of 100 Males living of the age of 35 and under 46, 1*342 died in 1838, 1*266 in 1839, 1*217 ^in 1841, 
and so on for other years ; a correction for increase of Pop. having been made for each Age at each Year. (The data upon which these 
Tables are constructed appeared in the Census Beport for 1851 , and in the Ann. Reps, of the Reg. Gen., particularly the 6th,) 
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MOBTALITY, HUMAN. 


Mortality, Countries arranged according to Mortality in Native JRace^ with Ratio of Deaths in every 1000 of Population per Annum» Alortulu y, 


Law of. 


CeyloE „ 


Java... 


Cerigo., 


6*7 

Mechlenburg-Schwerin . . . 

21*1 

Gozo 

26*3 

9*6 

Teneriffe 

2M 

Sierra Leone 

.. 26*3 

11*4 

French Possess, in India.. 21*2 | 

Gomera 

.. 26*4 

12*7 

Canary Islands 

21*4 

Corfu 

.. 26*4 

13-2 

England and Wales 

21*4 

Nevis 

.. 26*9 

13*2 

St Helena........ 

21-7 

Tyrol...... 

.. 27*1 

13*3 

Scotland 

22*2 

Saxony 

.. 27*2 

13*6 

Hanover 

23*0 

White Russia 

.. 27*2 

13*8 

St Pierre and Miguelou... 

23*2 

Holland 

.. 27*6 

14*5 

Dalmatia 

23*2 

Malta 

.. 28*1 

14*6 

Sweden 

23*3 

Upper Austria 

.. 28*2 

14*8 

Ionian Islands 

23-6 

Styria 

.. 28*2 

16*2 

France 

23*6 

Prussia 

.. 28*3 

15*5 

Hierro 

23*6 

N, Russian Provinces.,.. 

.. 28*9 

15*9 

Lower Canada 

23*9 

Bohemia 

.. 29*1 

17*3 

Isle of Bourbon 

24*1 

Sardinia 

.. 29*1 

18*3 

Barbadoes 

24*2 

Moravia and Silesia 

.. 29*2 

18*5 

Malacca 

24*3 

Naples 

., 29*2 

18*7 

Santa Maura 

24*4 

Bavaria 

.. 29*2 

19-2 

U. Canada (Indians) 

24*6 

Baltic Provinces 

.. 29*3 

19*3 

Switzerland 

24*5 

Tuscany 

29*5 

19*3 

Lucca 

24*6 

Martinique 

.. 29*6 

19-6 

St Christopher 

24*6 

Siberia , 

.. 30*0 

20*0 

Canary 

25*1 

Illyrian Coast 

.. 30*1 

20*1 

Belgium 

25*2 

Nova Scotia 

.. 30*3 

20*5 

Hungary 

25*5 

Guadaloupe 

.. 30*5 

20*6 

Oarinthia and Carniola.., 

, 26*1 

Demerara 

.. 30*8 

21*1 

Paxo 

. 26*2 

Lithuania 

... 31*3 


Venice, Province 32*2 

Galicia 32*7 

Lombardy 32*8 

Franconia 33*0 

ZJante 33*1 

Algiers 33*3 

Moldavia 34*0 

Wurtemberg..., 34*6 

New Russia 35*4 

Grenada 35*5 

Lower Austria 36*5 

Trinidad 37*1 

Great Russia 38*1 

Iceland 39*1 

Military Frontier 40*0 

Ural Provinces 40*1 

Sicily 40*3 

Little Russia 41*3 

Volta and Caspian Prov. . 41*8 

Tobago 42*3 

Mauritius 45*3 

Dominica 46*2 

Senegal 47*2 

Honduras 57*8 

Gambia 68*2 

Azores, Oriental 28*9 

Central 20*5 

Occidental 102*8 


Law of. 


Cities arranged according to Mortality in Native Race, with Ratio of Deaths in every 1000 

Glasgow 28*7 

Edinburgh .,...24*0 


St John’s, Newfoundland 13*7 
Lowell, United States .... 14*4 
Hobart Town, Van D. Ld-, 15*2 


Berbice, Demerara 19*6 

Cork 19*7 

Boston 20*3 

Frankfort 20*4 

Geneva 22 2 

Gibraltar 22*3 

London 23*1 

St Petersburg 24*7 

Hanover 24*5 

Cologne 25*0 

Belfast 25*4 

Birmingham 26*0 

New York 26*3 

Baltimore 26*6 

Scottish Towns 26*6 


Dundee ........ 

26*6 

Aberdeen 


Philadelphia .... 

26*8 

Copenha^ren 


Leipsic 

26-9 

Turin 


Havannah 

27’6 

Archangel 

28*4 

Leghorn 

28-S 

Berlin 


Stettin 

29*4 

Paris 

29-8 

Dublin 

30-6 

Dresden 

30*7 

Gratz 

30*8 

Dantzic 

31*3 


Cape Town 31*3 

Innsbruch 31*7 

Odessa and Russ, townsh,. 31*7 

Manchester 32*1 

Hamburg 32*2 

Liverpool 33*6 

Konigsberg 34*2 

Laibach 34*4 

Brussels 36*3 

Brunn 36*5 

Milan 36*7 

Genoa 36*9 

Cadiz 37*0 

Queretaro, New Spain 37*9 

Guanaxuato, do 38*8 

Linz 38*1 

Naples 38*8 

Breslau 38*8 


of Population per Annum. 


Amsterdam 39*0 

Barcelona 39*7 

Stuttgart 40*0 

Prague 40*0 

Stockholm 42*2 

Trieste 45*3 

Vienna 46*1 

Rennes 45*8 

Rome 47*4 

Venice 47*9 

Vicenza 51*3 

Calcutta 51*1 

Zara 52-0 

Valparaiso 53*1 

New Orleans 60*6 

Limburg 65*8 

Alexandria 73*0 

Groningen 94*0 


Mortality of White Races of Mankind in Foreign Countries. 


Troops, &c. 

New Zealand 11*4 

Cape of Good Hope 13*7 

New South "Wales 14*0 

Van Diemen’s Land 14*0 

Norfolk Island 14*6 

Nova Scotia, New Bruns- 
wick 14*7 

United States (North) ... 15*6 

Canada 16*1 

Malta 16*3 

Bengal Civil Servants,... 21*1 

Gibraltar 21*4 

Newfoundland 22*0 

Ionian Islands 25*0 

Bourbon, Isle of 26*6 

Mauritius 27*4 

French Guiana 28*1 

Bermudas 28*8 

St Helena 33*0 

Norfolk Island (new 

convicts) 33*0 

Tenasserim 34*6 


China (Chusan) 37*0 

Madras (E. 1. Co’s, troops) 38*4 
Antigua and Montserrat . 40*6 

Newfoundland 41*0 

United States (Middle) ... 44*6 
Madras (Queen’s troops) . 48*0 
United States (South) ... 48*5 
Bomhay(E.I. Co’s, troops) 50*7 

St Vincent’s 64*9 

West Indies 65*1 

Grenada 61*8 

East Indies 68*9 

Ceylon 69*8 

St Kitts, Nevis, Tortola. . . 71*0 
Bengal (E. I. Go’s, troops) 73*8 

British Guiana 84*0 

Morea, Greece 84*6 

Algiers 87*8 

Bengal (Queen’s troops).. 90*2 

Guadaloupe 96*3 

China (Hong Kong) 97*5 

Martinique 100*4 

Zealand 103*0 


Bombay (Queen’s troops) 105*2 


Honduras 103*0 

Trinidad 106*3 

Senegal 121*0 

Jamaica 121*3 

Spain (British troops) . . ..118*6 

St Lucia 122*8 

Dominica 137*4 

Tobago 152*8 

Bahamas 200*0 

China 285*0 

Burmah 426*0 

Sierra Leone 483*0 

Cape Coast ...668*0 

St Domingo 943*1 

Residents. 

Tobago 10*5 

Cape of Good Hope 13*8 

Van Diemen’s Land (ex- 
cluding convicts) 20*1 

St H^ena 21*7 

Malta (British only) 22*5 


Cumberland District, Aus- 
tralia (Rom. Catholics) 22'5 
New South Wales (with 

convicts) 23*2 

Do. (excluding convicts).. 33*0 
Cumberland District, Aus- 
tralia (Protestants) 26*1 

Adelaide alone 27*9 

Antigua and Montserrat .. 29*0 

. Malacca (Europeans) 30*0 

Cape Town 31*3 

Calcutta 35*1 

Malacca (Portuguese de- 
scendants) 38*4 

Barbadoes 39*5 

Algiers 40*6 

Mauritius (white and co- 
loured pop.) 45*3 

Honduras 67*8 

New Orleans 73*7 

St Lucia 82*1 

Calcutta (Portuguese and 


French descendants) ...124*4 
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Mortar MORTAR, a chemical utensil, used for the division 
I! of bodies, partly by percussion and partly by orindinff. 
OT Mortars have usually the form of an inverted bellf and are 
made either of iron, stone, stoneware, or g^lass, &c., accord- 
ing to the use to which they are applied. For the finer 
chemical processes they are often composed of agate, flin t, 
or porphyry. The matter intended to be pounded is put 
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several imitations of the antique figures in the gallery of Mortmain, 
the Duke of Richmond. Some of these secured for him 
premiums from the Society for the Encouragement of Art, 
and facilitated his admission into the private academy in St 
Martin’s Lane. But his first introduction to general notice 
was his representation of “ Edward the Confessor seizing 
the Treasures of his Mo^er/’ a painting which, by the 


into them, and then struck and bruised by an instrument judgment of Sir Joshua Reynolds, received the prize of 

npnnminaf-pn a npuflo ■ x* i i t{ 

nrty guineas, in preference to a rival picture by Romney. 


denominated a pestle. 

Mortar, in the military art, is a short cannon of a large 
bore, with chambers. It is made of brass or iron, and is 
used to project hollow shells, filled with powder, called 
bombs, and sometimes also carcasses. (See Artillery.) 
The mortars used at sea are fixed in bomb-vessels, which 
are constructed for their reception ; they are made some- 
what* longer and much heavier than those employed on 
land. The mortar is the most ancient kind of cannon, and 
was first made in England in 1543. (See Gunnery.) 

MORTARA, a walled town of the kingdom of Sardinia, 
m Italy, the capital of the province of Lomellina, is situ- 
ated on an eminence on the right bank of the Arbogna, 
which is here crossed by a bridge, 14 miles S.S.E. of No- 
vara. The principal buildings are, — three churches, a court- 
house, a theatre, several schools, and an hospital. There 
is some trade in rice, grain, and silk. The situation of the 
town is unheal tliy ; and from this circumstance it is said to 
derive its name, being a corruption of mortis ara. Another 
account, however, derives this name from the battle fought 
here in 774 A.n., when the Lombards were defeated by 
Charlemagne with great slaughter. Pop. 5316. 

MORTIER, Edouard - Adolphe -Casimir - Joseph, 
Duke of Treviso and Marshal of France, was born at 
Chateau-Cambresis in 1768. At the age of twenty-three 
he entered the army of tlie Revolution as captain in a bat- 
talion of volunteers. He fought with distinction at the 
battles of Jemeppes and Neerwinden, and was gradually 
promoted. In 1799 the rank of general of brigade had 
been conferred upon him. Serving soon afterwards as a 
general of division in the army of Switzerland, he led the 
right wing of Massena’s forces in the battle of Zurich. His 
next important service was the occupation of the electorate 
of Hanover in 1803, On his return in the following year, 
his valour was publicly acknowledged by Bonaparte ; and 
a marshal’s baton and the rank of general of the consular 
guard were conferred upon him. He supported his repu- 
tation at the battle of Friedland in 1807. The title of 
Duke of Treviso was bestowed upon him in 1808, At the 
head of the 5th corps in the army of Spain he defeated the 
Spaniards at Ocana in 1809, and at Jebora in 1811. He 
served under Napoleon in the Russian expedition, and at 
all the important battles of 1813 and 1814. In this latter 
year the defence of Paris against the victorious allies was 
entrusted to him and Marshal Marmont. He was one of 
those who sent in their allegiance to Louis XVIII. at the 
commencement of the Hundred Days, recalled it when 
Napoleon landed from Elba, and renewed it after the battle 
of Waterloo. Yet his attachment to the Bourbons did not 
prevent him, after the Revolution of 1830, from rising into 
favour with Louis Philippe. He was riding by the side of 
that monarch at a review of the National Guard of Paris, 
on the 28th July 1835, when the infernal machine of 
Fieschi, intended for the destruction of royalty, exploded. 
Marshal Mortier was among the number of those who were 
struck dead on the spot. 

MORTIMER, John HAivnLTON, a noted artist, was 
the son of a collector of customs, and was born at East- 
bourne in Sussex in 1741. His early-developed talent for 
painting found congenial subjects among the rocks and 
woods of his native shore- He repaired to London about 
his eighteenth year, and studied his art first under Hudson, 
and afterwards under Pine. At the same time he executed 


His great work, “ St Paul preaching to the Britons,” was 
executed soon afterwards, and raised him to the height of 
popularity. Yet owing to his rapidity of execution, and 
his tameness in colouring, Mortimer did not reach a high 
excellence in historical painting. He excelled far more in 
the designs which he threw ofF for the booksellers. In 
these his facile hand sketched with unerring skill the 
forms that his happy fancy conceived or his well-stored 
memory suggested. He was also unrivalled in his feats of 
rapid and dexterous drawing; and in his creation of fan- 
tastic and striking images. This eccentricity and fondness 
for display was not confined merely to his art, — it extended 
also to his ordinary life. Gaudy dress, convivial pleasures, 
athletic contests, and grotesque buifoonery, occupied a great 
part of his time and attention. At length he married and 
settled down into sobriety of life, but not before his consti- 
tution had become prematurely weak. In 1775 his health 
began to decline, and rendered it necessary that he should 
retire into the pure air of the country. His rapid power of 
painting, however, remained unimpaired ; and in his rural 
retreat at Aylesbury in Berks he produced in one year a 
number of pictures of the united value of L,900. He re- 
turned to London in 1778, and died of a fever in February 
of the following year. The best known historical paintings 
of Mortimer, in addition, to the two already mentioned, are 
King John signing the Magna Charta,” “ The Battle of 
Agincoiirt,” “ The Origin of Health,” The Tragic and 
Comic Muses,” Sextus consulting Erietbo from Lucan,” 
The Incantation,” and Vortigern and Rowena.” (See 
Cunningham’s Lives of British Painters, &c.) 

MORTMAIN, or Alienation in Mortmain {in mor- 
tua many), is an alienation of lands or tenements to any 
corporation, sole or aggregate, ecclesiastical or temporal. 
But these purchases having been chiefly made by religious 
houses, in consequence of which the lands became perpetu- 
ally inherent in one dead hand, this occasioned the gene- 
ral appellation of mortmain to be applied to such aliena- 
tions, and the religious houses themselves were principally 
considered in framing the statutes of mortmain. In de- 
ducing the history of these statutes, it will be matter of curi- 
osity to observe the great address and subtle contrivance of 
the ecclesiastics, in eluding from time to time the laws in 
being, and the zeal with which successive Parliaments pur- 
sued them through all their finesses; how new remedies were 
still the parents of fresh evasions, until the legislature at 
last, though with difficulty, obtained a decisive victory. 

By the common law, any man might dispose of his lands 
to any other private man at his own discretion, especially 
when the feudal restraints of alienation were worn away. 
Yet in consequence of these it was always, and still is, 
necessary for corporations to have a license of mortmain 
from the crown, to enable them to purchase lands ; for as 
the sovereign is the ultimate lord of every fee, he ought not, 
unless by his own consent, to lose his privilege of escheats 
and other feudal profits, by the vesting of lands in tenants 
who can never be attainted or die. Such licenses of mort- 
main appear to have been necessary amongst the Saxons 
above sixty years before the Norman conquest. But, be- 
sides this general license from the King as lord paramount 
of the kingdom, it was also requisite, whenever there was 
a mesne or intermediate lord between the King and the 
alienator, to obtain his license also for the alienation of the 
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Mortmain, specific land ; and if no such license was obtained, the King 
or other lord might respectively enter on the land so alien- 
ated in mortmain, as a forfeiture. The necessity of this 
license from the crown was acknowledged by the Constitti- 
tions of Clarendon, in respect of advowsons, which the 
monks always greatly coveted, as forming the groundwork 
of subsequent appropriations. Yet such were the influence 
and ingenuity of the clergy, that notwithstanding this fun- 
damental principle, we find that the largest and most con- 
' siderable donations of religious houses happened within less 
than two centuries after the Conquest. When a license 
could not be obtained, they contrived that, as the forfeiture 
for such alienations accrued in the first place to the imme- 
diate lord of the fee, the tenant who meant to alienate 
should first conyey his lands to the religious house, and 
instantly take them back again to hold as tenant to the 
monastery, which kind of instantaneous seisin was prob- 
ably given not to occasion any forfeiture ; and then, by 
pretext of some other forfeiture, surrender, or escheat, the 
society entered into those lands in right of such their newly- 
acquired signibry, as immediate lords of the fee. But 
when these donations began to grow numerous, it was ob- 
served that the feudal services ordained for the defence 
of the kingdom were every day visibly withdrawn ; that 
the circulation of landed property from man to man began 
to stagnate ; and that the lords were curtailed of the fruits of 
their signiories, their escheats, wardships, reliefs, and the like. 
To prevent this, therefore, it was ordained by the second of 
King Henry III.’s great charters, and afterwards by that 
printed in the common statute-books, that all such attempts 
should be void, and the land forfeited to the lord of the fee. 

But as this prohibition extended only to religious houses, 
bishops and other sole corporations were not included therein; 
and the aggregate ecclesiastical bodies, who had among their 
counsel the most learned men that they could get, found 
many means to creep out of this statute ; by buying in lands 
which were bond fide holden of themselves as lords of the 
fee, and thereby evading the forfeiture ; or by taking long 
leases for years, which first introduced those extensive terms, 
for a thousand or more years, which are now so frequent 
in conveyances. This produced the statute De Religiosis, 
7 Edward I., which provided, that no person, religious or 
other whatsoever, should buy or sell, or receive under pre- 
tence of a gift, or term of years, or any other title what- 
soever, nor should by any art or ingenuity appropriate to 
himself any lands or tenements in mortmain, upon pain of 
the immediate lord of the fee, or in default of him for one 
year the lords paramount, and in default of all of them the 
King, entering thereon as a forfeiture. 

This seemed to be a sufficient security against all aliena- 
tions in mortmain. But as these statutes extended only 
to gifts and conveyances between the parties, the religious 
houses now began to set up a fictitious title to the land 
which it was intended they should have, and to bring an 
action to recover it against the tenant, who, by arrangement 
and collusion, made no defence; and thereby judgment 
was given for the religious house, which then recovered the 
land by a sentence of law upon a supposed prior title- And 
thus they had the honour of inventing those fictitious adju- 
dications of right which afterwards became the great assur- 
ance of the kingdom, under the name of common recoveries. 
But upon this it was enacted by the second statute of 
Westminster, 13 Edward L, c. 32, "that in such cases a jury 
shall try the true right of the demandants or plaintiffs to 
the land ; and if the religious house or corporation be found 
to have it, they shall still recover seisin ; otherwise it shall 
be forfeited to the immediate lord of the fee, or else to the 
next lord, and finally to the King, upon default of the im- 
mediate or other lord. A similar provision was made by 
the succeeding chapter, in case the tenants should set up 
crosses upon their lands, tlie badges of knights templars and 
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hospitallers, in order to protect them from the feudal de- Mortmain, 
mands of their lords, by virtue of the privileges of those 
religious and military orders. And so careful was this 
prince to prevent any future evasions, that when the statute 
of Quia emptoreSy 18 Edward L, abolished sub-infeudations, 
and gave liberty to all men to alienate their lands to be 
holden of their next immediate lord, a proviso was inserted 
that this should not extend to authorize any kind of alien- 
ation in mortmain. When, afterwards, the method of ob- 
taining the King’s license by writ of ad quod damnum was 
marked out by the statute 27 Edward I., st. 2, it was fur- 
ther provided, by statute 34 Edward I., st. 3, that no such 
license should be effectual without the consent of the mesne 
or intermediate lords. 

Yet still it was found difficult to set bounds to ecclesias- 
tical ingenuity ; for when the clergy were driven out .of all 
their former holds, they devised a new method of convey- 
ance, by which the lands were granted, not to themselves 
directly, but only to nominal feoffees for the use of the 
religious houses, thus distinguishing between the possession 
and the use, and receiving the actual profits, whilst the 
seisin of the land remained in th‘e nominal feoffee, who wa-^ 
held by the courts of equity, then under the direction of 
the clergy, to be bound in conscience to account to his 
cestuy que ttse for the rents and emoluments of the estate. 

And it is to these inventions that our practitioners are in- 
debted for the introduction of uses and trusts, the founda- 
tion of modern conveyancing. But unfortunately for the 
inventors themselves, they did not long enjoy the advan- 
tage of their new device; for the statute 15 Richard U., 
c. 5, enacts, that the lands which had been so purchased to 
uses should be admortised by license from the crown, or 
else be sold to private persons; and that for the future, 
uses should be subject to tlie statutes of mortmain, and for- 
feitable like the lands themselves. And as the statutes 
had been notoriously eluded by purchasing large tracts of 
land adjoining to churches, and consecrating them by the 
name of “churchyards,” such subtle imagination \^as also 
declared to be within the compass of the statutes of mort- 
main. Civil or lay corporations, as well as ecclesiastical, 
were also declared to be within the mischief, and of course 
within the remedy provided by those salutary laws. Lastly, 
as during the times of Popery lands were frequently given 
for superstitious uses, though not to any corporate bodies, 
or were rendered liable in the hands of heirs and devisees 
to the charge of obits, chantries, and the like, which were 
equally pernicious with actual alienations in mortmain ; 
therefore, at the dawn of the Reformation the statute 23 
Henry VIII., c. 10, declared that all future grants of lands 
for any of the purposes aforesaid, if granted for any longer 
term tljan twenty years, should be void. 

But during the whole of this time it was in the power of 
the crown, by granting a license of mortmain, to remit the 
forfeiture, as far as related to its own rights, and to enable 
any spiritual or other corporation to purchase and hold any 
lands or tenements in perpetuity — a, prerogative which is 
declared and confirmed by the statute 18 Edward III., 
st. 3, c. 3. But as doubts were entertained at the time 
of the revolution how far such license was valid, since the 
King had no power to dispense with the statutes of mort- 
main by a clause of non obstante, which was the usual course, 
though it seems to have been unnecessary ; and as by the 
gradual declension of mesne signiories through the lorig 
operation of the statute of Quia emptores, the rights of in- 
termediate lords were reduced to a very small compass ; it 
was therefore provided by the statute T and 8 William IIL, 
c. 37, that the crown for the future, at its own discretion, 
might grant licenses to alienate or take in mortmain, of 
whomsoever the tenements might be holden. 

After the dissolution of monasteries under Henry VIIL, 
though the policy of the next successor affected to grant 
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Morton, a security to the possessors of abbey lands, yet, in order to 
regain as much of them as either the zeal or timidity of 
their owners might induce them to part with, the statutes 
of mortmain were suspended for twenty years ; and during 
that time any lands or tenements were allowed to be granted 
to any spiritual corporation without any license whatsoever. 
And long afterwards it was enacted by the statute 1 7 Car. IL, 
c. 3, that appropriators might annex the great tithes to the 
vicarages, and that all benefices under L.lOO per annum 
might be augmented by the purchase of lands without li- 
cense of mortmain in either case ; and the like provision 
has been since made in favour of the governors of Queen 
Anne’s Bounty. It has also been held, that the statute 
13 Henry VIIL before mentioned did not extend to any- 
thing but superstitious uses, and that therefore a man may 
give lands for the maintenance of a school, an hospital, or 
any other charitable uses. But as it was apprehended from 
recent experience that persons on their deathbeds might 
make large and improvident dispositions even for these good 
purposes, and defeat the political ends of the statutes of 
mortmain, it was therefore enacted by the statute 9 Geo. IL, 
c. 36, that no lands or tenements, or money to be laid out 
thereon, should be given for or charged with any charitable 
uses whatsoever, unless by deed indented, executed in the 
presence of two witnesses twelve calendar months before 
the death of the donor, and enrolled in the Court of Chan- 
cery within six months after its execution (except stocks 
in the public funds, which may be transferred within six 
months previous to the donor’s death), and unless such gift 
were made to take effect immediately, and were without 
pow'cr of revocation ; and that all other gifts should be void. 
The two universities, their colleges, and scholars upon 
the foundation of the colleges of Eton, Winchester, and 
Westminster, were excepted from the operation of this act; 
but such exemption was granted with this proviso, that no 
college should be at liberty to purchase more advowsons 
than were equal in number to one moiety of the fellows or 
students upon the respective foundations. 

Such is the history and condition of the law of mortmain, 
as stated by Blackstone (Com,, b. ii., c. 20), It has been to 
a certain extent modified by recent statutes. The Church- 
Buildings Acts, consolidated in 1840 (3 and 4 Viet., c. 60), 
exempted Irom the license in mortmain endowments for the 
sites of churches, parsonages, or glebes, “or for the use or 
benefit of any church or chapel, or of the incumbent or 
minister thereof, or for repairs thereof.” There have been 
further partial changes in the Church-Buildings Acts, the 
latest in 1851 (14 and 15 Viet., c. 97), and property dedicated 
to purposes of education. A reference will be found to 
several of the statutes containing these modifications in the 
act 15 and 16 Viet., c. 49. 

MORTON, Cardinal John, was born at Bere in 
Dorsetshire in 1410. He was educated at Baliol College, 
Oxford, and became principal of Peckwater Inn, now 
merged in Christ Church. His learning and talents intro- 
duced him to Cardinal Bourchier, and thus set him on the 
path to preferment. He was recommended to the notice 
of Henry VL, and was appointed a member of the Privy 
Council. Not less successful in the reign of Edward IV., 
he was nominated Bishop of Ely and Lord Chancellor of 
England in 1478, and was finally appointed one of the 
King’s executors. His tried probity, however, did not fit 
him for the lawless service of the next King, Richard III., 
and he was imprisoned in the Castle of Brecknock. But 
contriving to escape, he fled to the Earl of Richmond on 
the Continent, and is said to have been the first who pro- 
posed a marriage between that prince and Elizabeth, the 
eldest daughter of Edward IV. At the death of Richard 
IIL, and the accession of Henry VIL, a succession of pre- 
ferments awaited Morton. He was appointed a privy- 
councillor ; he "was raised to the see of Canterbury in 
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I486; the chancellorship was again conferred upon him Morton 
in 1487 ; and Pope Alexander VL created him a cardinal II 
in 1493. His death took place in September 1500. Moscow. 

Morton, Thomas, a successful writer of comedy, was 
born at Durham in 1764. After attending school at Lon- 
don, he enrolled as a student of Lincoln’s Inn ; but his 
love for dramatic amusements led him to spend his evenings 
in the theatres, and to study the drama more than the law. 

The knowledge of stage effect which he thus acquired was 
employed in the production of numerous plays. By their 
skilfully-arranged scenes, their strongly-contrasted charac- 
ters, and their sudden transitions of feeling, these dramas 
secured the attention of mixed audiences. The acting of 
Lewis, Munden, and Emery greatly increased their effect. 
Accordingly, several of them, such as The Way to get Mar-^ 

Tied, A Cure for the Heart- Ache, Speed the Plough, The 
School of Reform, and The Invincihles, secured a footing on 
the stage, which they still retain. Morton died in 1838. 

MOSAIC, or Mosaic Work, an assemblage of little 
pieces ot‘ glass, marble, precious stones, and other substances, 
of various colours, cut in prisms, and fixed in a ground of 
cement, in such a manner as to imitate the colours and gra- 
dations of painting. This sort of work was used both for 
pavements and for ornamenting walls until a comparatively 
late period in the middle ages. It was much practised by 
the Byzantine artists, who re-introduced it into Italy. The 
most famous kinds of mosaic ol* recent times are the Roman 
and the Florentine. Pictures in mosaic were wrought at 
Rome in the eleventh and twelfth centuries. Some of the 
finest specimens of mosaics in existence are to be found in 
St Peter’s at Rome. The origin of the name mosaic has 
not been accurately determined. The most probable de- 
rivation, however, is from the Greek pvaaov, Lat. opus 
musivum, (See the Glossarium of Ducange.) 

MOSCHUS, a Greek bucolic poet, flourished at Syra- 
cuse about the close of the third century b.c. His genius 
was fostered by a study of the works, and probably by the 
friendship, of the pastoral poet Bion. He was also, accord- 
ing to Suidas, acquainted with the grammarian Aristarchus. 

Theocritus was his great model ; but instead of the ex- 
quisite simplicity of that celebrated poet, he often displayed an 
excess of ornament and an over-refinement of style. His four 
extant idyls are Fugitive Love, Europa, An Elegy on Bion, 
and Megara, They have been usually edited with the 
works of Bion. (See BlON.) Many modern writers of 
different nations have imitated and translated them. 

MOSCOW, the ancient capital of Russia, is situated in 
the government of the same name, in 55. 45. 13. N. Lat., 
and 55. 17. 11. E. Long., 698 versts, or 466 English miles, 
from St Petersburg, and 1349 versts, or 902 English miles, 
from the frontiers of Poland. The soil in its immediate 
neighbourhood is sandy and argillaceous. A great part of , 
it is under cultivation, and is highly productive. The 
situation of Moscow is most happily chosen. 

The town is divided into two unequal parts by the River 
Moskva. On the left bank, on which the larger part of the 
city stands, the surface is broken and hilly. On the right, at 
the distance of about a mile, rises an amphitheatre of low 
hills, covered with wood, called the Sparrow Hills, fi'om 
the summit of which you obtain a firie view of the city. 

At your feet the river winds through beautiful meadows ; 
rising beyond, you see a mingled mass of towers, gilded and 
painted domes, churches, monasteries, and palaces. The 
whole, when seen on a sunny day and under a clear sky, 
possesses an almost unearthly splendour, from the dazzling 
whiteness of the buildings, and the glancing brilliance of 
the gilded domes of the churches. 

The River Moskva rises in the S.E. of the government 
of Moscow, towards the district of Mojaisk. Its course is 
very winding, and hence its name, which signifies “the 
winding” or serpentine ” In spring it becomes navigable 
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Moscow, by th© melting of the snow and ice, and then by means of 
the River Oka, its junction with which falls into the Volga, 
alFords a communication between Moscow and that gi'eat 
river* 

The length of Moscow from the Sparrow Hills on the 
S.W. to the Preobrajensky Barrier on the N.E., is about 
14 versts, or 10 English miles. Its width from E. to W. 
is about 10 versts, or 7 English miles ; its circumference is 
about 20 English miles. It covers a larger extent of 
ground than any other European capital, excepting Lon- 
don and Constantinople. 

Moscow is divided into three distinct circles within the 
rampart or earthen walls thrown round the whole city. 
The first or most remote from the centre is called the 
Zemlianoi Gorod, or Earth City. It lies between a line of 
streets called the Sadova, or Garden Street, because most 
of the houses have a garden or inclosure in front, and the 
Boulevards, The second division, the Beloi Gorod, or 
White City, is that part of the town which lies between the 
Boulevards and the Kitai Gorod. The general form of 
the Boulevards is that of an avenue of lime-trees for foot- 
passengers, on either side of which runs a carriage-road or 
street, the intervening space being filled up with clumps of 
small trees, shrubs, and flowers. The Beloi Gorod is the 
most aristocratic division of the town. The last circle is 
inclosed by an embattled wall, and covers a very exten- 
sive space of ground. It is almost entirely occupied by 
what is termed the Gosteeny-dvore, an immense mass of 
buildings divided into rows of shops, warehouses, and store- 
houses, each row being devoted to the sale of a particular 
kind of goods, and having the name of the article sold, — 
as, e.g,, Knife Row, Linen Row, Silk Row, Plate Row, &c. 
This division is called the Kitai Gorod, or Chinese Town. 
The origin of the name is not exactly known. One hypo- 
thesis is, that it was called after a small town of Lithuania of 
the same name, which was the birthplace of Helen, mother of 
Ivan IV., who built this division of the town. The most 
probable account of the name is, that it was at one time the 
great mart for Chinese goods. When, however, it is spoken 
of separately from the other divisions, it is simply called 

Gorod, just as in London we speak of the “ City.” It 
may be added, that in other respects it bears a striking 
analogy to the “ City” of London, being the centre of trade 
and business, and having within its limits the great com- 
mercial and civic buildings. 

On the S.W, of the Kitai Gorod, and separated from it 
by a large square called the Crassnaia, or Red Square, 
stands the Kremlin, the ancient fortress of the city. It is 
built on the brow of a hill, at the foot of which flows the 
Moskva River. Its form is irregular, but almost approach- 
ing a triangle. A high crenellated wall surrounds it, broken 
at intervals by towers of various heights, and of pyramidal 
or spiral form. On three sides runs a sort of boulevard ; 
and on the fourth side, over the bed of a small stream called 
the Neglinna, which is now conveyed by an underground 
canal into the Moskva, is a large public walk called the 
Alexander Gardens, from having been laid out by order of 
the Emperor Alexander L These gardens are the work 
of a Scotchman. Taken as a whole, the Kremlin is one of 
the most original, beautiful, and striking objects that can well 
be conceived. Its commanding situation on the banks of 
the Moskva River ; its high and venerable white walls, with 
its variously-coloured towers and steeples ; the number and 
size of some of its fine buildings, with their painted roofs ; 
the cathedrals, churches, monasteries, and belfries, their 
domes gilt, tin-plated, or gj*een ; — the whole presents a 
grandeur and beauty indescribable and altogether unique. 

The interior of the Kremlin contains the imperial palace, 
a modem erection, replacing the older one, which in for- 
mer days had been occupied by the Tsars, and in which 
Napoleon had spent a part of his disastrous sojourn in Mos- 


cow. Though a fine and spacious building, it strikes the Moscow, 
eye as out of character with the general style of the Krem- 
lin. Behind the new palace is a small one of great anti- 
quity. The rooms have vaulted ceilings, completely covered 
with arabesque paintings, exceedingly rich and curious. 

The cathedrals are three in number, — the Church of the 
Assumption, built in 1472 a.d., where the Emperors of 
Russia are always crowned ; the Church of the Archangel 
Michael, where, until St Petersburg was built, the Tzars 
were buried ; and the Church of the Annunciation. Near 
these churches stands the Ivan Veliki tower, or Tower of 
John the Great, It was built by Boris Gouclanoff about 
the year 1600. The best view of Moscow is to be obtained 
from it, as it commands more objects than that from any 
other place. 

At the foot of the Kremlin stands the great bell of Mos- 
cow, said to be the largest in the world. Its circumference 
at the bottom is nearly 68 feet, and its height more than 
21 feet. In the stoutest part it is 23 inches thick, and its 
weight has been computed to be 443,772 lb. It lias never 
been hung, and was probably cast on the spot in which it now 
stands. When Dr Clarke visited Moscow in the year 1800 
it was in a pit, the mouth of which was covered, and the 
entrance was by a trap-door, beneath which were ladders. 

Since then it has been raised, and now stands on a stone 
pedestal. A piece of the bell has been broken off. The 
fracture was occasioned, according to Dr Clarke, by water 
having been thrown upon it when heated by the building 
erected over it being on fire. 

The other buildings of importance in the Kremlin are,— 
the Granite Palace or treasury, where the crowns, sceptres, 
coronation robes, &c. &c., are kept ; the Senate-House ; the 
Tchoudoff monastery ; the Arsenal, along the outside ot 
which lie a great number of cannon, most of them foreign, 
and taken in the campaign of 1812-14. Amongst them are 
two Russian cannon of immense size ; the mouth of the 
largest is about 2 feet 6 inches in diameter ; the weight of 
the metal is 2200 poods; the ball weighs 80 poods, or 
about 1 ton. 

Tlie Kremlin is approached by five gateways. One 
facing N.W., and opening into the Great Square, which 
divides the Kremlin from the Kitai Gorod, is called the 
Spaskoi Varolt, or Gate of the Saviour, and sometimes the 
Holy Gate. Through this gate no male person is allow’ed 
to go without taking off his hat. Outside this gate stands 
one of the most remarkable buildings in Moscow, — the 
church of Vassili Blashenny, or Basilius the Blissful, 
erected by Ivan the Terrible after the conquest of Kasan — 
the work of an Italian architect. It is a strange blending 
of every imaginable style of architecture, thrown together 
in the most capricious and fanciful manner. In its principal 
feature, however, it is Tartar, and bears a strong resem 
blance to tlie oriental mosque. Its numerous and heavy 
cupolas, surmounted by gilded crosses, exhibit a striking 
contrast of colour and ornament. 

Another gate of the Kremlin, also facing the N. W., and 
opening into the Great Square, is called the Nicholskoi 
Varott, or Gate of St Nicholas, and was the one blown up 
by the French. It has been restored with considerable 
taste and elegance. 

About the middle of the Great Square is a monument 
consisting of the statues of Minim, citizen of Novogorod, 
and Prince Pojarsky, who together delivered Moscow from 
the Poles ; an event which was followed by the election 
of Michael Feodorovitch, the first of the Romanoff dynasty, 
to the throne. 

Among the remarkable buildings of Moscow should 
be mentioned the Church of our Saviour, not yet quite 
finished, erected in commemoration of the retreat of the 
French after the burning of Moscow in 1812. It was 
begun on the edge of the Sparrow Hills, and near the 
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Moscow, spot where Napoleon took his first view of Moscow ; but 
the ground giving way, the site was changed to the spot 
on which it now stands, on the opposite side of the river. 
The building is in the Byzantine style of architecture, and 
with its gilded domes is a conspicuous object, seen from 
every side of the city. 

Another remarkable building, standing on high gi’ound, 
in the Zemlianoi Gorod is the Sukareva Bashnoi, or Tower 
of Sukareff. It is now used as a reservoir to receive the 
water with which Moscow is supplied. The water, which is 
of excellent quality, is brought from the far-famed springs of 
Metischa, forty-two in number. From the Sukareva Bashnoi 
it is conveyed by underground pipes to fountains in various 
quarters of the town. The whole was- done by order of 
Katherine 11. 

The Foundling Hospital, a magnificent pile of building on 
the banks of the Moskva, was founded by Katherine II. in 
1763. Any person may bring an infant, and without giv- 
ing any further information than whether it has been bap- 
tized, may leave it there. If at any future time the parents 
wish to have the child again, a card is given them with the 
number in which it is entered in the register of the estab- 
lishment, the same number being hung round the child’s 
neck. Connected with this hospital is a school for the edu- 
cation of orphan young ladies of noble birth ; also a Lom- 
bard or loan bank, and a widow alms-house for the widows 
of civil officers. 

Of the educational establishments of Moscow, the uni- 
versity is divided into 4 faculties, and had, in 1857, 40 
professors and lecturers, and 1473 students. Of these last 
63 belonged to the historico-philological faculty, 296 to the 
law, 950 to the medical, and 160 to the mathematical. The 
cadet corps, or military schools, are 3 in number, containing 
altogether 1285 cadets. The gymnasia, or public schools, are 
4 in number. There is 1 commercial academy and 1 com- 
mercial school, 1 seminary for the education of the clergy, 
1 academy Ibr divinity students who desire a superior 
education to that given in the seminary. The Katherine 
Institution, founded by Katherine II., is devoted to the 
education of young ladies, and contains 290 pupils. The 
Elizabethan Institution, founded by the Empress Elizabeth, 
contains 173 pupils. The house of education in connection 
with the Foundling Hospital, already referred to, contains 
700 pupils. 

The number of churches is 375 ; of chapels, e.«., places 
of worship connected with public institutions, 26 ; of monas- 
teries, 21. 

Moscow is a great centre of internal commerce, its 
position being peculiarly favourable for this. • Its prin- 
cipal foreign trade is with China, with which for the teas 
of that country it used to exchange manufactured goods. 
Owing, however, to the frauds practised by the Moscow 
merchants, the Chinese will now only take gold and silver. 
Moscow is now the seat of the principal manufactures of 
Russia. There are, according to the latest statistics, in the 
government of Moscow 484 manufactories. Of these there 
are 135 of cotton, 117 silk, 30 cloth, 10 of chemical drugs 
and instruments, 7 of hats, 29 of leather, 1 sugar refinery, 6 
distilleries of brandy, 8 of vinegar, 10 tallow foundries, 14 
manufactories of tobacco, and some iron foundries, &c., See. 

The climate of Moscow is more healthy than that of most 
of the capitals of Europe. Its elevated position, the width 
of its streets, and the low elevation of its houses, allow a 
free circulation of air ; but being unprotected by moun- 
tains, the winds are often very violent, and in the early 
summer vegetation frequently suffers severely from them. 
The summer is short, and would be very fine but for the 
sudden changes of weather to which it is subject, so that 
the winter is generally preferred; the sky is then of 
wonderful purity, and the respiration easier. The winter 
generally sets in about the middle of November, and lasts, 


with occasional thaws of short duration, till the beginning of Moscow. 
April ; the change from winter to summer is very rapid. 

The mean temperature in winter is 4° below zero, Fahr, 
Vegetation is vigorous. The ordinary grain crops raised in 
the neighbourhood of Moscow are rye and wheat. The com- 
mon vegetables of England thrive well in the gardens in 
its environs. The silver birch and pine attain the same 
height as in Great Britain. The commonest trees, in ^ad- 
dition to those just mentioned, are the pine, the lilac, and a 
kind of acacia. The ivy cannot stand the severity of the 
climate, but is cultivated indoors as an exotic. 

The origin of Moscow is wrapt in obscurity. The ordi- History, 
nary tradition is that it was founded by Youri Vladimori- 
vitch Dolgorouki, in the middle of the twelfth century ; 
the year given is 1 147. The 700th anniversary of its foun- 
dation was kept in Moscow in the year 1847. The name 
of Moscow is supposed to have been taken from the River 
Moskva, on the banks of which it is built. The history 
for many centuries is little else than a record of fires, pes- 
tilences, sieges, and wars. Probably there is no other city 
in Europe which has suffered so frequently and so terribly 
from these calamities as the ancient capital of Russia. Its 
earliest traditions, alike with that last terrible event with 
which its name will be for ever associated in the mind of 
Europe, are of fire and sword. Moskva was for some 
time only an appendage of the principality of Vladimir, and 
shared the fate of other towns of that principality, being 
often sacked and burned by the Tartars. But it gradually 
grew into notice and importance ; and about the middle of 
the thirteenth century history mentions a prince of Moscow, 

Michael, sur named the Brave. The first prince of Moscow 
who obtained the title of Grand Prince was George Danilo- 
vitch, A.D. 1319. From this time the history of Moscow be- 
comes the history of Russia. George was succeeded by his 
brother Ivan, surnamed Kalita, a.d. 1 328. The Tartar khans 
were then the suzerains of Russia, and the Grand Princes 
received at their hands their investment to the princedom. 

Ivan was distinguished for the craft and ability of his deal- 
ings with his Tartar masters. He persuaded the primate 
to remove his residence from Vladimir to Moscow, and thus 
make the latter city the capital of Russia. The primate’s 
name was Peter ; he built the cathedral of the Assump- 
tion, and was the first patron saint of Moscow. 

The geographical position of Moscow was peculiarly fa- 
vourable to the grand design entertained by Ivan of con- 
solidation. It formed the central point of those districts 
which, lying in the neighbourhood of Vladimir, might be 
expected to form a union of interest with the grand prin- 
cipality ; and that union being accomplished by the appoint- 
ment of a Muscovite prince to the sovereignty, the long- 
desired concentration of means to free the country from 
its oppressors was at length obtained. Ivan surrounded 
Moscow with wooden walls, and rebuilt the Kremlin. He 
was succeeded by his son Simeon Ivanovitch,' surnamed the 
Proud, A.D. 1339. He carried on his father’s policy, but 
with less success, owing to the dissensions among the Rus- 
princes which disturbed his reign. His grandson 
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Demetrius (a.d. 1359) was a man of great courage and 
energy, and did much to strengthen and consolidate the 
Russian power. He surrounded Moscow with stone walls. 
The most memorable event in the reign of his son and 
successor Vassili (a.d. 1389), was the retreat of Tamer- 
lane from the walls of Moscow. Russian chroniclers relate 
that it was owing to the intervention of the Virgin of 
Vladimir, and that it took place at the moment when the 
people of Moscow met her image, which at Vassili’s order 
had been sent for from Vladimir. The Grand Prince 
built a monastery on the spot where the meeting took place, 
and gave it the name of Stretenha^ or Place of Meeting. 
In the course, however, of the same reign Moscow was 
besieged by another army of Moguls, and Vassili was com- 
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j^elled to purchase peace by the sacrifice of his indepen- 
dence. The earlier part of his son Vassilfs reign was full 
of disasters (a.d. 1425), but its termination was happier. 
He succeeded in freeing Moscow from the Tartar yoke, 
and consolidated his authority by decisive victories over the 
Novogorodians. His son Ivan, surnamed the Great (a.T). 
1462)^ extended by conquest the Russian frontier to the 
Ural Mountains, made himself master of Novogorod, 
Tver, and Viatka, and formed an alliance with Maximilian, 
Prince of Austria, against Cassimir, King of Poland, and the 
Grand Duke of Lithuania. He was the first Grand Prince 
who took the title of Prince of all the Russias, and the 
name of Tzar, which is either a corruption of CtBsar, or 
more probably is of eastern origin, and signifies “king.” He 
rebuilt the walls of the Kremlin, and in other respects greatly 
improved and added to the town. He was succeeded by 
his son Vassili (1505), who was equally great and prosper- 
ous with his father, and by the conquest of Pskoff, Seversky, 
and Smolensk, he made himself master of the whole of 
Russia. He was also successful in repelling an attack of 
the Crimean Tartars. Vassili received the ambassadors 
of Charles V. and Pope Clement who came to negotiate a 
treaty between Russia and Lithuania, They were accom- 
panied by Herberstein, who has left an account of his visit 
to Moscow, written in Latin. The only part of Moscow at 
this period called the town was the Kremlin. The suburbs 
were occupied by mechanics. The houses were built at a 
distance from one another, and surrounded by gardens and 
corn-fields. The air was remarkably pure and healthy, and 
there were no endemic diseases. The number of houses 
was 4500, and the inhabitants 100,000; the shops were 
filled with the rich merchandise of Europe and Asia. Vas- 
sili died suddenly, after a short reign, leaving a son only 
three years old, a.d, 1543. This was Ivan the Terrible. 
The name was given him from the horrible crimes and deeds 
of blood which marked and disgraced the conduct of the 
latter part of his reign. In the beginning of his reign a 
terrible fire destroyed almost the whole of Moscow. The 
most memorable events of his reign were the conquest of 
Kasan, the taking of Astrachan, and the final destruction of 
tlie Tartar power in Russia. 

His son and successor Fedor (a.d, 1581) reigned thirty 
years. The feebleness of his rule gave ample room for the 
exercise of faction and ambition ; and his prime minister, 
Boris GoudanoiF, having caused the death of the young 
' Demetrius, the only direct heir to the throne, was, on the 
demise of Fedor, elected Tzar a.d. 1598. His son Fedor 
was dethroned by a monk who pretended to be the Deme- 
trius whom Boris had caused to be put to death, and who 
obtained the aid of the Poles in support of his pretensions, 
A.D. 1605. The false Demetrius was driven from the throne 
and assassinated by Chouisk, who in his turn became Tzar. 
During his reign there were several pretenders to the 
throne, one of whom was supported by Sigisraund, King 
of Poland, who took possession of Moscow and held it for 
two years. It was saved (a.d, 1610) by two Russians — 
Minim, a simple citizen merchant of Nishni Novogorod, 
and Prince Pojarsky, a nobleman who had been danger- 
ously wounded by the Poles in a massacre of the Musco- 
vites. They raised an army, and approaching Moscow, the 
town capitulated, thus relieving the inhabitants at the same 
time from the horrors of war and famine. Michael Fedo- 
rovitch, of the family of Romanoff, and by the female line 
descended from Ruric, the son of the patriarch of Russia, 
was then elected Tzar. His son and successor Alexis 
(a.d, 1645) was distinguished for his wise laws. Feodor, 
the son of Alexis, was succeeded by Peter the Great 
A.D. 1681. 

The change of residence made by Peter from Moscow 
to St Petersburg did the former less injury than might 
have been expected. At first Peter made a law prohibiting, 


under severe penalties, the building of houses in Moscow ; 
but after twenty years the prohibition was withdrawn, and 
the sovereigns themselves vied with the great families of 
the empire in embellishing their ancient capital with new 
monuments of their munificence and power. Peter liim- 
self built a large military hospital ; and other important 
buildings have since been erected — among others, a print- 
ing-press, a university with two colleges, a foundling hospital, 
and an arsenal. Katherine IT., in particular, magnificently 
restored the principal cathedrals, and added new build- 
ings ; she also proliibited the erection of wooden houses in 
the Beloi Gorod. At the beginning of this century travel- 
lers described Moscow as immense, triangular, half wooden 
half stone, interspersed with gardens, dirty and badly paved, 
and in many points more resembling an overgrown village 
than the second capital of a great empire. The terrible 
catastrophe of 1812 has, however, made a vast difference 
in the external appearance of Moscow. On Wednesday, 
September 15, Napoleon took up his head-quarters in the 
Kremlin, and on the same day the fire broke out in the 
shops of the Kitai Gorod. The night of the 16th was illu- 
minated by the fire of a general conflagration. The ex- 
plosions, the balloons of flame which were seen falling from 
the tops of towers, showed the means which were being 
taken to spread the fire. A vast sea of flame illuminated 
the horizon for miles, and announced to the unhappy Mus- 
covites who still lingered near the town that their homes 
no longer existed. The different quarters of the town took 
fire, burned, and disappeared all at once. Heaps of cal- 
cined and blackened stones indicated the spots where houses 
had stood. The silence of terror was only interrupted by 
a roaring like that of the waves of a stormy sea ; this was 
produced by the wind, which, driving with violence the 
torrent of flame, hurried on far and wide the destroying 
element. From time to time whole buildings fell with a 
crash. Wherever the eye turned nothing could be seen 
but smoking ruins or devouring flames. Ever and anon 
was heard the mournful toll of a bell, which sounded like 
the signal passed between one and another agent in tins 
work of destruction. In’ spite of the vigilance of the sen- 
tinels posted at the houses, the fire spread as if it had been 
driven by an invisible power. Although a great part of the 
town was built of wood, it took many days of general con- 
flagration to consume it. At last, in most quarters of the 
town there were left so few traces of habitations that the 
streets could hardly be recognised. Human bodies half- 
burned, and the dead carcases of horses, cows, and dogs, lay 
in the midst of the ruins. 30,800 houses, besides a great 
number of palaces, were reduced to ashes ; scarcely 6000 
buildings were left standing. Among these, however, was 
the Kremlin, which the fire did not touch. The private 
loss by the destruction of houses and their contents was cal- 
culated at not less than L.30,000,000 sterling, and this was 
probably under the mark. The question has been often 
asked, What hand set the torcli to this great conflagration ? 
Count Rostopchine, the then governor, to wdiom tame has 
commonly attributed it, repudiates the honour in a work en- 
titled La VeriU sur VInemdiede Moscou, published in Paris, 
1828. The hypothesis that it was the act of the French is 
most unlikely. Napoleon could never have designed or 
permitted a calamity of which himself and his army were 
the first victims. The more probable theory is, that it w^as 
the act of the inhabitants themselves, and that Rostopchine 
set the example of patriotic devotedness. The desolation 
did not last long ; Russian patriotism soon raised from its 
ashes their holy city, whose destruction had saved tlieir 
country from foreign oppression. Subscriptions were opened 
in every part of the empire, and the liberality of the sove- 
reign seconded the enthusiasm of his subjects. Moscow 
rose like a Phoenix from her ashes, but in greater beauty, 
and under a newer form. Her original cljaracter is not. 


Moscow. 
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Polariza- rated by a narrow and well-defined dark line, as shown 
tion. in figs. 192 and 193. When 
the aperture in the plate was 
slightly shifted, the phenomena 
rapidly changed, assuming suc- 
cessively the forms shown in 
figs. 194, 195, 196. In the first 
stage of the change the central . Fig. m. 

dark space became greatly enlarged, and a double sector 
appeared in the centre. The circle was reduced to about 




Fig. 194. Fig. 195. Pig. 196. 

a quadrant, and was separated by a dark interval from the 
sector just mentioned. This is shown in fig. 194. The re- 
mote sector then disappeared, and the circular arch dimin- 
ished, as in fig. 195 ; and as the inclination of the internal 
ray to the optical axis was farther increased, these two lu- 
minous portions merged gradually into two doubly-refracted 
pencils. This change is shown in fig. 196. In these ex- 
periments the emergent rays were received directly by the 
eye placed close to the aperture on the second surface. 

Dr Lloyd succeeded in showingthephenomena on a screen 
with the sun’s light, and he found the light sufiiciently dis- 
tinct when the diameter of the section was 1 ^ inch. Upon ex- 
amining the cone with a tourmaline, Dr Lloyd was surprised 
to observe that one radius only of the circular section van- 
ished in a given position of the tourmaline, and that the 
ray which disappeared ranged through 360°, as the tour- 
maline was turned through 180°, the rays of the cone being 
all polarized in different planes. Upon a more attentive 
examination he discovered the remarkable law, “ that the 
angle between the planes of polarization of any two rays of 
the cone is half the angle between the planes containing 
the rays themselves and the axis.'^ The angle of the cone 
was found to be 6° 24', 5° 56', and 6° 22' ; the mean of 
which is 6° 14'. 

When the aperture was considerable, such as that formed 
by a large-sized pin, two concentric circles were seen to sur- 
round the axis, the inner one being nearly twice as bright 
as the outer one, and consisting of unpolarized light, while 
the outer one was polarized according to the preceding law. 
By using smaller apertures the inner circle grew less, until 
it became a point in the centre of the fainter exterior circle, 
which remained fixed. With a still less aperture a dark 
space sprung up in the centre, increasing as the aperture 
diminislxed, until, with a very minute aperture, the breadth 
of this central space increased to about three-fourths of the 
entire diameter. In these cases the appearances are as 


o 

Fig. 197. Fig. 198, Fig.. 199. 

shown in figs. 197 and 198. When the line joining the 
luminous point on tlie first surface was slightly inclined to 
the axis, the appearance was that shown in fig. 199. 

Dr Lloyd observed an 
interesting variation in the 
phenomena by substitut- 
ing a narrow linear aper- 
ture for the circular one 
on the first surface of the 
crystal, this aperture and 
the one in the plate next the eye being in the plane pass- 




ing through the optic axes. The line had the appear- Polariza- 
ance shown in fig. 200, swelling out into the form of an tion. 
oval curve round the optical axis. By using a very minute 
aperture next the eye, 
the phenomenon was 
shown in fig. 201. When 
the plate next the eye 
was slightly shifted, so 
that the plane passing 
the aperture did not co- 
incide with the plane of the optic axes, the curves rapidly 
changed, preserving, however, the form of the conchoid 
whose pole was the projection of the axis of the emergent 



Fig. 201. 



Fig. 202. 

cone, and asymptote the line on the first surface. These 
effects are represented in figs. 202 and 203. 



Fig. 203. 


The second kind of conical refraction, deduced theoreti- 
cally by Sir W. R. Hamilton, takes place when a single ex- 
ternal ray is incident upon a biaxal crystal, so that one 
refracted ray coincides with an optic axis. In this case 
there should be a cone of rays within the crystal, the angle of 
the cone in arragonite being 1° 55'. As this cone will have 
its rays refracted at emergence, in a direction parallel to 
the incident ray, they will form a small cylinder of rays in 
air, the character of whose section by the surface of emer- 
gence being only 1° 55' at a distance equal to the thickness 
of the crystal. 

In order to detect the existence and measure the size of 
this cylinder, Dr Lloyd used the light of a lamp placed at 
some distance, and he made its light pass through two small 
apertures placed in a straight line, the one in a screen near 
the flame, and the other in a plate of metal close to the 
first circle of the crystal. Under ordinary circumstances, 
the incident ray will be doubly refracted within the crystal, 
and the two pencils will emerge parallel to the second sur- 
face. Dr Lloyd was able to distinguish these two pencils 
by means of a lens ; and turning the crystal slowly, so as 
vary the incidence, he observed a position in which the two 
rays changed their relative places rapidly on any slight 
change of incidence, and appeared at times to revolve round 
one another as the incidence was changed. Being convinced 
that the ray was now at the critical incidence. Dr Lloyd 
changed the position of the crystal relative to the incident 
ray very slowly ; and after much care in the adjustment, he 
at last saw the two rays spread into a continuous circle, and 
exhibit the phenomena which we have already described 
in his own words in our History of Optics. 

Dr Lloyd measured the angle of the cone by an indirect 
method, and found it 1° 50', differing only 5' from the angle 
deduced from theory.^ 

Sect . X/.— On the Effect of Pressure and Heat on 

THE Double Refraction of Crystals with One, Two, 

AND Three Axes. 

The influence of pressure and heat in modifying tin Inflaenc<> 
doubly-refracting structure of bodies that previously pos- ofp^®ssure. 


j*- See IrUh Trans, 1833, vol, xvii. ; and Land, and Edin, TMl, Mag.y 1833, No. viii., p, 112, No. ix., p. 207. 
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Polariza- sessed that property, and of creating a new doubly-refractive 
tion. structure in uncrystallized bodies, was first studied by Sir 
David Brewster.^ By applying compressing and dilating 
forces to minerals, he succeeded in altering their doubly- 
refracting structure in every direction ; but the effect was 
always most easily seen when it was produced along the 
real axis of uniaxal crystals, or the resultant axesofbiaxal 
ones, where the effect of the natural forces was either nothing 
or compensated. The following were some of the results to 
which he was led by applying the forces to parallel sur- 
faces. 


Aiuzs of Compression and Dilatation parallel to the Axis of 
the Crystal. 


Positive crystals... 

IS'egative crystals . 


Compressed, 

Dilated 

Compressed, 
Dilated 


f Tints rise in Newton’s 
1 scale. 

f Tints descend in New- 
I ton’s scale. 

( Tints descend in New- 
\ ton’s scale, 
f Tints rise in Newton’s 
1 scale. 


Axis of Compression and Dilatation perpmdicular to the 
Axis of the Crystal. 


Positive crystals 



Compressed 
Dilated 


Negative crystals 


Compressed 
Dilated 


f Tints descend in New- 
I ton’s scale. 

I Tints rise in Newton’s 
1 scale. 

I Tints rise in Newton’s 
\ scale. 

I Tints descend in New- 
1 ton’s scale. 


Influence 
of heat. 


Mitscher- 

lich. 


Sir John 
Jtlerschel. 


The axis of compression and dilatation is the line per- 
pendicular to the two surfaces pressed together or drawn 
asunder. 

The above results were obtained by experiments both 
on uniaxal and biaxal crystals. 

When the axis of compression was perpendicular to the 
axis of double refraction of a uniaxal crystal, it was par- 
tially converted into a biaxal one with two axes, the poles of 
the two resultant axes being distinctly visible? 

M. Fresnel was, we believe, the first person who observed 
the influence of heat in altering the tints of sulphate of 
Urns perpendicular to the laminae ; but we are not able to 
refer to the details of his experiments. Professor Mitscher- 
licb, however, has investigated the action of heat upon this 
* mineral so completely as to include all previous experiments 
in his results. Flaving found that heat acts upon calcareous 
spar differently in different directions, expanding it in the 
direction of its axis, and slightly contracting it in directions 
perpendicular to the axis, he sought to determine if any 
variation in the double refracti )n was produced by heat. 
By the method of interferencts, and observing the compen- 
sation produced by crossing plates of crystals at different 
temperatures, he observed that a change in the double re- 
fraction was produced. 

In extending these experiments, Professor Mitscherlich 
found that the two resultant axes of sulphate of lime in- 
clined 60° to each other at common temperatures, ap- 
proached each other when heated, till they met, and con- 
stituted one axis of double refraction. By increasing the 
heat they again separated in a plane perpendicular to the 
laminae. In this experiment the principal axis of double 
retraction which bisected the optic axis gradually increased, 
while the second real axis perpendicular to the laminae 
diminished and disappeared when the crystal assumed the 
uniaxal state. A new axis then sprung up in the plane of 
the laminae perpendicular to the principal axis. 

Sir John Herschel, in mentioning this remarkable ex- 


periment, states that he observed the tints of a plate of Polariza- 
sulphate of lime rise rapidly in the scale when the plate was tion. 
moderately warmed by the heat of a candle held at some 
distance below it, and sink again when the heat was with- 
drawn. He found, on the contrary, “ that mica similarly 
heated undergoes no apparent change in the position of its 
axes, or in the size of its rings, though heated nearly to 
ignition.” ^ 

The extraordinary exfierinient of Professor Mitscherlich Later cx- 
was repeated by Sir David Brewster with one of the speci- periimnts. 
mens of sulphate of lime in which he discovered one of the 
resultant axes of this mineral. The following is the account 
which he has given of this experiment, and of the discovery 
of a still more curious property in glauberite ? — “ The 
specimen of sulphate of lime was about inch thick 
in the plane of the laminae ; and the system of rings which 
surrounded this axis was exceedingly minute, with the usual 
black brush at each end of them. The other system of 
rings could not be seen in this specimen, owing to the 
manner in which it was cut. Having brought the crystal 
to a considerable heat, and exposed it to polarized light, it 
was a singular sight to see the system of rings travelling 
along towards the line which bisects the optic axes, like a 
celestial body passing through the field of a telescope, and 
changing their form and size as they advanced. The speci- 
men did not permit me to see the two systems unite, and 
still less to see them open out again in a plane at right 
angles to the laminae ; but from the degree of heat which 
I used, and which drove off the water of crystallization from 
part of the specimen, I presume that the complete pheno- 
menon cannot be developed without destroying the consti- 
tution of the crystal — that is, that after the two systems of 
rings have opened out in a new plane, they will not return, 
by cooling, tlirough their state of union, into their primi- 
tive inclination of 60° in the plane of the laminae. 

A similar property I discovered in glauberite. This 
mineral has at ordinary temperatures the curious property 
o^tioo axes of double refraction for red light, and only one 
axis for violet light. If we apply heat to it, the two optic 
axes for red light gradually close, and at a temperature 
which the hand can endure, the two systems of rings for 
red light have united into one system, so that the crystal 
has now only one axis of double refraction for red light. 

By continuing to increase the heat, the two axes separated, 
and the single system of rings opened out into two systems, 
lying in a plane at right angles to that in which they were 
placed at first. The heat was now less than that of boil- 
ing water. By increasing it, the inclination of the optic 
axes gradually increased. 

“ I now applied artificial cold to a crystal of glauberite at 
the ordinary temperature of the atmosphere. The inclina- 
tion of the optic axes for red light increased, as might 
have been predicted ; but, what was very unexpected, a 
new axis was created for violet lights the plane of the two 
violet axes being coincident with the plane of the two red 
optic axes at and below the ordinary temperature. An in- 
crease of cold increased the inclination of the optic axes for 
all the colours of the spectrum ; the inclination of the axes 
being least for the most refrangible^ and greatest for the 
least refrangible rays. 

These results appear very complicated when we begin 
with the effects at an ordinary temperature, and view them 
in the manner in which they were observed ; but if we 
commence the experiments at a low temperature, such as 
the freezing point, the order and connection of the pheno- 
mena will be more easily understood. 

“ At 32° glauberite has two axes of double refraction for 
rays of all colours, the inclination of the axes for the violet 


PM7. Frans. pp. 1, 60 ; 1816, p. 167 j and Edin. Tran^.., vol. viii., p. 281. 2 Trans., vol. viii., p. 

Treatise on Light, sect. 1118. 4 Xonof. and Edin. Phil. Mag., Dec. 1832, vol. i., p. 4 17 
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Polariza- rays being least, and that for the red the greatest. As the 
tion. temperature rises, the optic axes for all colours gradually 
approach, and the axes for violet first unite into one. At 
this time the crystal has two axes for all the other colours ; 
but as the heat increases, all the other pairs of axes unite 
in succession, and form a single system of rings. But be- 
fore this has taken place, the axes for violet rays have 
opened up again in a plane at right angles to that in which 
they originally lay, and they are followed by all the other 
pairs of axes ; so that at a temperature much below that of 
boiling water, each pair of axes appears with different incli- 
nations arranged in a new direction. 

“During all the changes which have been described 
above, the crystal has preserved its constitution ; and by 
abstracting the heat, the phenomena are all repeated in an 
inverse order. 


Professor 

lludberg. 


“ If the crystal should happen to be observed at that 
temperature, which very often occurs, when the greenish- 
yellow or most luminous rays have the optic axes corre- 
sponding to them united, or form a single system of rings, 
then the blue rays will have two systems of rings lying in 
one plane, and the red rays also two systems of rings in a 
plane at right angles to this. In two rectangular positions — 
namely, when the planes of the double axes coincide with 
or are at right angles to the plane of primitive polarization, 
the black cross will be very distinct ; but in intermediate 
positions it will be much less so, and the iiniaxal system of 
rings which predominates, from the greater intensity of 
their light, will have that indistinctness of character which, 
whenever it occurs, indicates a peculiar action of the doubly- 
refracting force on the differently-coloured rays. When 
the black cross is perfect and equally distinct in all positions, 
while the colours of the rings deviate from those of New- 
ton’s scale, then the axes for all colours are obviously coin- 
cident, and the peculiarity in the colour of the rings is 
owing to an irrationality in the action of the doubly-refract- 
ing forces on the differently-coloured rays.” 

A series of highly valuable experiments on the changes 
which temperature produces in the double refraction of 
crystals,^ were made by Professor Rudberg of Upsal. 
Professor Mitscherlich having only determined the ratio 
between the mean double refraction of Iceland spar in a 
cold and in a heated state, without ascertaining the separate 
variations in each pencil, Professor Rudberg was desirous 
of supplying this desideratum. 

For this purpose he constructed a box AB, having four 
of its faces double, so as to inclose a space which received 
through the pipe P, and retained, the steam from a boiler. 
This space communicated also with the external air. The 
other two faces of the box were formed with plates of mica. 
The inner box, therefore, con- 
tained only air, which was 
heated by the surrounding 
steam. A thermometer T 
indicated the temperature of 
the air. A tube R, passing 
through the two lower sur- 
faces of the box^ formed a free 
communication between the 
interior and the exterior air, 
so that their elasticity was the 
same. Through this tube R, 
without touching its sides, 
there rose from the centre of 
the repeating circle a vertical copper rod, carrying a plate 
C, upon which the crystal was placed. This rod was at- 
tached below to another plate of copper, which rested on a 
ring of copper, which, having teeth upon its circumference, 



could be moved by a screw. By this arrangement he could Polariza- 
perform the experiments as readily as if there had been no 
heating apparatus to obstruct them. The heating apparatus 
was attached by a rod Q of iron rising from the masonry on 
which the repeating circle rested. 

The experiments were made to determine the index of 
refraction of the ray F of Fraunhofer’s spectrum near the 
boundary of the green and blue spaces. In this way he 
obtained the following results : — 

1. Calcareous Spar. — R efracting angle of prism 59° Calcareous 
55' 9". 

Ordinary Hay. — The minimum deviation of the line 
F produced by the prism was 52° 53' 43". With a differ- 
ence of temperature of 64° (Reaumur we presume), this 
ray suffered no change in its deviation ; from which Prof. 

Rudberg concluded the refractive power of calcareous 

SPAR /or* the ordinary ray either does not change at all 
with the temperature^ or decreases with it by a quantity 
extremely small. The index of refraction of F at the 
ordinary temperature was P66802. 

b. Extraordinary Ray . — By the difference of temperature 
of 64°, the deviation was increased 2' 26", or 2' 34" when 
corrected, which gives for the index of refraction 

1*49118 at 64° 

1*49075 at ordinary temperature. 

0*00043 increase. 

Hence, in the extraordinary ray a rise of temperature of 
64° increases the index of refraction 0*00343. 

Professor Rudberg confirmed this result in the presence 
of Professor Mitscherlich in 1832. 

2. Rock-Crystal. — Refracting angle of prism 45° 20' 5". Rock-crys- 

In both the ordinary and extraordinary ray the devia- 

tion was decreased by a rise of temperature 42". The in- 
dices for the ray F became in the extraordinary ray 1*55868, 
being 0*00028 more than at the ordinary temperature ; and 
in the ordinary ray 1*54944, being 0*00026 less. 

3. Arragomtb. — With four prisms he obtained the fol- Arragon- 
lowing results 

^®*®* ^°*^' 

Variation of the deviation... rs5' 8" — P 53" —4' 3" —2' 58" 

Variation of refracting angle — 0 0 +0 16 —1 63 -0 48*6 

When corrected for the deviation of the plate of mica, 
they became 

110.2. No. 3. No. 4. 

Variation of deviation - P 47" -3' 57" -2' 52" 

Variation of angle +30 0 —1 44 —0 40 

Hence he obtained the following indices of refraction : — 

No. 2. No. 3. No. 4. 

At ordinary temperature 1'53478 1-69510 1*69058 

At increased temperature 1*53416 1*68421 1*68976 

Changes on index — 0*00062 —0-00089 — 0-00082 

While heat and pressure thus modify the doubly-refract- Regular 
ing structure in minerals, they are capable of creating it double re- 
with regular axes in several soft substances. This effect f^*action 
is quite different, as we shall soon see, from that which is 
produced upon bodies by pressure, where the result is mo- 
dified by the external form of the body, and where the 
double refraction disappears when the heat or pressure is 
removed, or when the body is subdivided. A permanent 
change is induced upon the 'soft solids in question, and, 
when subdivided, each part of the mass or plate preserves 
the property communicated to it. Sir David Brewster de- 
scribed, in the Philosophical Transactions for 1815, the 
original experiment which he made on this subject with a 
mixture of rosin and white wax ; but in the same work for 
1830 he has given a detailed account of his experiments 


1 This interesting paper was communicated by the author to Sir David Brewster, and published in the Land, and Edin. Phil, Mag., 
Dec. 1832, vol. i., p. 409. 
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Polariza- and of the conclusions to which they lead respecting the 
tion, origin of the doubly-refracting structure. 1 he follow- 
ing is the fundamental experiment described by our au- 
thor : — 

“ I took a few drops of the melted compound (rosin and 
bees’-wax), and placed them in succession on a plate of 
thick glass, so as to form a large drop. Before it was cold 
I laid above the drop a circular piece of glass about two- 
thirds of an inch in diameter, and, by a strong vertical 
pressure on the centre of the piece of glass, I squeezed out 
the drop into a thin plate. This plate was now almost per- 
fectly transparent, as if the pressure had brought the par- 
ticles of the substance into optical contact. 

If we expose this plate to polarized light, we shall find 
that it possesses one positive axis of double refraction, and 
exhibits the polarized tints as perfectly as many crystals 
of the mineral kingdom. The structure thus communicated 
to the soft film by pressure does not belong to it as a whole, 
nor has it only one axis passing through its centre, like a 
circular piece of unannealed glass. In every point of it 
there is an axis of double refraction perpendicular to the 
plates, and the doubly-refracting force varies with the in- 
clination of the incident ray to this axis, as in all regular 
uniaxal crystals. 

When the two plates of glass are drawn asunder, we 
can remove one or more portions of the compressed plate, 
and these portions act upon light exactly like plates of 
uniaxal mica or hydrate of magnesia, and develop a double- 
refracting force of nearly equal intensity.’^ 

Cause of By reasoning from this experiment, our author is led to 
double re- opinion that double refraction is acquired by the par- 
fraction, bodies at the instant of their aggregation, and 

arises from the pressures produced in the direction of three 
rectangular axes, by the forces of aggregation. When 
these forces are very weak, double refraction will not be 
produced ; when they are sufficiently strong and of equal 
intensitj^ they will produce tessular crystals; when they 
are equal in two rectangular directions, they will produce 
uniaxal crystals ; and when they are unequal in all the three 
directions, they will form biaxal ones. In this way all the 
phenomena of cleavage may be readily explained. 

Upon some substances heat performs the same part as 
pressure ; but our limits will not permit us to detail the 
experiments of Sir David Brewster on this subject. 


Class 1. — Bed 

Nitre. 

Sulphate of barytes. 

„ of strontites. 
Tartrate of potash and soda. 
Phosphate of soda. 
Arragonite. 


ends inwards* 

Carbonate of lead. 
Sulphato-bicarbonate of lead. 
Hyposulphate of strontia 
(Herschel). 

Tartrate of potash. 


Polariza- 

tion. 


Class 2. — Red ends outwards* 


Topaz, 

Mica. 

Anhydrite. 


Native borax. 
Sulphate of magnesia. 
Arseniate of soda. 


Unclassed* 


Chromate of lead. 

Muriate of mercury* 

„ of copper. 

Oxy nitrate of silver. 
Sugar, 

Crystallized Cheltenham, 
salts. 

Nitrate of mercury. 

„ of zinc. 

„ of lime. 


Superoxalate of potash. 
Oxalic acid. 

Sulphate of iron. 
Cymophane. 

Felspar. 

Benzoic acid. 

Chromic acid. 

Nadelstein. 

Hyposulphate of soda (Her- 
schel). 


In examining the rings formed by biaxal crystals, Sir 
David Brewster found that the black spot at the point of 
compensation was not in the centre of the rings, and the 
position of this spot for topaz is given in his table of these 
colours. {Phil* Trans* 1814, p, 204.). 

It is to Sir John Herschel, however, that we owe the com- 
plete investigation of this subject. By using homogeneous HerscheVa 
light, he found that the angle of the resultant axes POp, experi- 
POp^ (fig. 159) was different for the different colours of the ments. 
spectrum, varying, in the case of tartrate of potash and 
soda^ from 7o° 42' in red light to 55° 14' in violet light ; 
so that with white light we have a system of rings con- 
sisting of five rings of all colours overlapping each other, 
and these five constituting an irregular system, unlike those 
produced by ordinary crystals. 

In crystals where the displacement of the rings is great, 
the oval central spot seen in figs. 183, 184, and 185, are 
drawn out, as Sir John Herschel remarked, into long spectra 
or tails of red, green, and violet light, and the extremities 
of the rings are distorted and highly coloured, as in fig, 205. 

When we view these spectra with coloured media, they are 


Sect* Z//.— On the Deyiation of the Polarized 
Tints from those of Newton’s Scale. 

In all his investigations respecting the colours of thin 
plates, M, Biot happened to use only such crystals as gave 
polarized tints similar to those of Newton’s scale, and he 
therefore considered this to be their character. In 1813, 
however, when Sir David Brewster described the rings in 
topaz, he not only found these colours to vary in different 
azimuths in the same ring, but observed some colours at 
the extremity of the optic axes. In his paper on the Laws 
of Polarization, in the Philosophical Transactions for 1818, 
he remarks, that “ in almost all crystals with two axes, the 
tints in the neighbourhood of the resultant axes, when the 
plate has a considerable thickness, lose their resemblance 
to those in Newton’s scale.” 

In examining the colours of the polarized rings in biaxal 
crystals, he was led to divide them into two classes, viz., — 

1. Those that had the red ends of the rings inwards, 
or between the resultant axes, and the blue ends oiiJt- 
wards* 

2. Those that had the red ends of the rings outwards, 
and the blue ends of the rings inwards* 

The crystals in which the deviation is very striking are 
given in the following table : — 



Fig. 205. Fig. ilOS. 

found to consist of well-defined spots of the several simple 
colours, arranged on each side of the principal section, as 
shown in fig. 206, 

These results are capable of being rigorously calculated 
by the law of resultant axes given by Sir David Brewster, 
and may be considered as a proof of that law. If this were 
not the case, tartrate of potash and soda would have two 
axes for every different ray of the spectrum, and four series 
of poles extending each over a space of ten degrees* 
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In order to show how these phenomena may be calcu- 
lated by two axes, let 0 and A (fig. 207) be two negative 
axes, which in red light compensate each 
other at F and F’ ; then, if O and A had 
the same proportional action on the vio- 
let and other rays as on the red rays, F 
would also be the point of compensation 
for the violet and other rays. In this 
case F would be the centre of all the 
systems of rings, as in uniaxal crystals, 
and the tints those of Newton's scale. 

But if the axis 0 has a greater proportional action upon the 
violet and other rays than A, the point of compensation will 
be at fi which will be the centre of the violet system of 
rings, the centres of all the other systems being between 
F and f if the action of O upon them is of an intermediate 
nature. This is the case with all the crystals in Class 1 of 
the foregoing table. On the other hand, if O has a less 
proportional action on the violet than on the red, c, c will 
be the points of compensation for the violet rays, and the 
centres of the two systems of violet rings. 

The most remarkable instances of deviated tints are those 
discovered by Sir David Brewster in apopliyllite, a crystal 
with one axis. Sir John Herschel, in examining a number 
of apophyllites, found that some specimens exercise negative 
action upon the rays at one end of the spectrum, a positive 
action upon rays at the other end, and no action at all upon 
the mean refrangible rays, the doubly-refracting action 
ceasing in the one case in the yellow rays, and in another 
in the indigo. In other specimens, the diameter of the 
rings was nearly the same for all the colours of the spectrum, 
and hence the rings were approaching to a series of black 
and white ones. All these phenomena may be separately 
calculated by the law of resultant axes already mentioned, 
on the supposition that apopliyllite has three rectangular 
axes of double refraction. Sir David Brewster had dis- 
covered in the tesselated apophyllite portions which had 
two axes co-existing with portions that had om axis ; and 
in his coloured drawings of the phenomena exhibited by 
this mineral, he has pointed out a most extraordinary law 
of symmetry which regulates its varying double refraction ; 
and as he had shown that a double dispersive power existed 
in the same crystal, the following explanation of the re- 
markable phenomena of apophyllite approaches to the cha- 
racter of demonstration. 

Let O (fig. 208) be the positive axis of uniaxal apophyl- 
lite, and let A and B be two positive 
axes which, if equal, would produce a 
negaiive axis at 0. But as the teal axis 
at O is a positive one, the apparent or 
finally resultant axis at 0 will be a single 
axis, negative if the negative is the 
strongest, and positive if the positive is 
the strongest. Let us now suppose that 
the two axes at 0 have equal intensity, 

— viz., + 0 = - 0 for yellow light ( - 0 being the resultant 
of 4- A and 4- B), and that - O acts more powerfully upon 
the red rays than 4*0, while 4-0 acts more powerfully 
upon the violet rays. In this case, the two axes 4- O, — O 
will exactly compensate each other. In yellow light a 
yellow ray will experience neither double refraction nor 
polarization; whereas in red light, the predominance of 
- O will leave a single negative axis for red rays, and pro- 
duce a negative system of rings ; and in violet light the 
predominance of 4- 0 will leave a single positive axis of 
double refraction for violet rays, and consequently a posi- 
tive system of rings. This compensation resembles that of 
a compound lens, consisting of a convex and concave lens 
of equal curvature, of such a glass that their refractive in- 
dex for yellow light is equal, while the index of refraction 
for the violet rays is greater in the convex lens, and the 




index for the red rays greater in the concave lens. Such Polariza- 
a lens will converge the violet rays, diverge the red rays^ ^io“* 
and produce no deviation 2 X all in the yellow ones, — that is, 
the same compound lens will be a plane lens in yellow 
light, a convex one in blue light, and a concave one in red 
light. . Hence each order of colours in apophyllite is, as it 
were, a secondary or residual spectrum arising from the 
opposite action of unequal negative and positive axes. 

From the fact of some apophyllites exercising a negative 
action, Sir David Brewster stated his expectation that 
apophyllites might be found in which the double refraction 
is negative for all the rays of the spectrum ; and several 
years afterwards he discovered the remarkable mineral of 
oxahverite, which is an apophyllite with this property. 
{Edinburgh Journal of Science^ No. xiii,, p. 1 Id.) 

Sect XIIL — On Crystals with Planes of Double 
Refraction exeiviplified in Analcime. 

Analcime or Cubizite, a mineral ranked among the cubi- Analcime. 
cal crystals, was found by Sir David Brewster to be a 
singular body in its action upon light, and to exhibit the 
extraordinary property of many planes of double refraction, 
or planes to which the doubly-refracting structure was re- 
lated in the same manner as 
it is to one or tioo axes in 
other minerals. 

It crystallizes most com- 
monly in the form of the icosi- 
tetrahedron^ as in fig. 209. If 
w^e suppose a complete crystal 
of it to be exposed to polarized 
light, it will give the remark- 
able figure shown in fig. 209, 
where the dark shaded lines 
are planes in which there is 
neither double refraction nor 

polarization, the double refraction and the tints commencing 
at these planes, and reaching their maximum in the centre 
of the space inclosed by three of the dark lines. The tints 
are those of Newton^s scale, and are negative in relation to 
each of the four axes of the icositetrahedron. When light 
is transmitted through any pair of the four planes which 
are adjacent to any of the three axes of the solid, it is 
doubly refracted, the least refracted image being the extra- 
ordinary one, and consequently the double refraction nega- 
tive in relation to the axes to which the doubly-refracted 
ray is perpendicular. 

If we suppose the crystal to have the form of a cube^ 
the planes of double refraction will be, 
as in fig. 210, a plane passing through 
the two diagonals of each face of the 
cube. 

The tints vary as the square of the 
distance from the nearest plane of 
double refraction. 

The tints shown in figs. 209 and 
210 cannot of course be seen at the 
same time, but are deduced from observations made by 
transmitting polarized light in every direction through the 
crystal. 

Sect, Z/F’.— On the Double Refraction anb Pola- 
rization OF Composite Crystals. 

In all the crystallized bodies whose action upon light we Composite 
have been considering, excepting analchne^ the phenomena crystals, 
are identical in all parallel directions, the smallest fragment 
having the same property as the largest, from whatever part 
of the crystal it is taken. 

In the mineral world, however, and among the products 
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Folariza- of artificial crystallization, there occur crystals which are 
tion, composed of several individual crystals whose axes are not 
parallel. These crystals sometimes occur in such regular 
symmetrical forms, that mineralogists have long regarded 
them as simple forms ; and it is probable that they would 
have still been viewed in this light if they had not been 
exposed to the scrutiny of polarized light. 

One of the most remarkable of these composite crystals 
is Iceland spar, some specimens of which were observed, 
even by Bartholinus and Huygens, to exhibit phenomena 
quite different from those already described. 

Malus describes the phenomena as produced by fissures 
parallel to the surface of the variety of this mineral de- 
scribed by Haiiy under the name of chaux carhonatee 
equiaxe. He explains the duplication of the images on 
the supposition that there is a Jlssure or real opening be- 
tween the conjoined faces of the spar, and he ascribes the 
varying tints to a cause not adequate to the production of 
such splendid phenomena, —to the colouring of the thin 
plate of air included in the fissure. 

This class of phenomena was particularly investigated 
by Sir David Brewster, who found that the fissures de- 
scribed by Malus were thin crystallized lamince of Iceland 
spar^ having their axes of double refraction inclined to that 
of the portions of the crystal which it separated ; that these 
laminae varied in thickness, the thinnest producing a large 
system of rings, and the thicker plates smaller systems, the 
plates being sometimes so thick that no colours whatever 
appeared. Hence it was obvious that each crystal of this 
kind was a polarizing and an analysing apparatvs^ the 
thin lamince being the plate which exhibited its polarized 
tints in this singular position. 

In order to understand this remarkable structure, we 
have represented the laminae in fig, 211 by the planes 
ABCD, ebcg^ afhd^ parallel to the 
edges EG, and also to the long 
diagonals of the rhomboidal faces, or 
perpendicular to the short diagonal 
EF. When we look through a crys- 
tal with only one of these laminae, we 
observe the two principal images of 
the candle A, B, or luminous body 
(fig. 212), while at a vertical incidence 
and separated just as they would have 
appeared in a common crystal of the 
same thickness. But on each side of 
this double image is a single- po- 
larized image C and D, C being polarized in the same 
plane as B, and D in the same plane as A. Let us suppose 
that these phenomena are 



Pig. 211. 




seen through a rhomb with 
only one plane ABCD (fig. 

211), and through the faces 
EADG, BFHC. Then, if 
we incline the rhomb in dif- 

ferent directions slightly, we shall see the images C, D dis- 
appear when they have a certain distance from A, B. If we 
incline the rhomb, bringing EA nearer the eye than GD, the 
images C, D will approach to A, B, and the disappearance will 
be found to take place nearer and nearer to A, B as the in- 
clination is increased, it being necessary to bring the edge 
EG nearer the eye than AD, to make C and D disappear. 
While C and D are thus approaching to A, B, they become 
less and less coloured till they are all white. If we incline 
the rhomb in an opposite direction, so that GD is brought 
nearer the eye than EA, the images C, D recede from A, 
B, and become more highly coloured, the two images A, 
B becoming also coloured. The images C, D sometimes 
appear doubled when this inclination is going on, but it is 
only a duplicity of colour, so to speak, in consequence of 
the spectrum being divided by portions of it passing into 


the reflected pencil. When we bring EG nearer the eye 
than AD, the colours increase, A and B become also 
coloured, and an apparent colorific duplication of the images ' 
C and D takes place. If the rhomb is inclined in an op- 
posite direction, so that AD is brought nearer the eye than 
EG, the images C, D become also at first more coloured ; 
but by increasing the inclination, the image C recedes 
ra))idly on the right side from A, B, contracts in breadth, 
and becomes prismatically coloured, the spectrum which it 
exhibits being subdivided by several black lines or bands, 
the parts of the spectrum corresponding to these black 
lines or dark bands having passed into the reflected ray. 
The spectrum D recedes as rapidly to the left, expanding 
in breadth, and even disappearing, as well as the images 
A, B. 

All these phenomena are more finely seen, and the law 
of their changes more easily detected, if, instead of a candle, 
we look at a long line of light, such as the narrow opening 
between the edges of the window-jshutters. 

If we look through the faces ADHF, CBEG of the 
rhomb, placing a prism of glass with an angle of 12*^ or 16® 
upon one of the faces, to permit the refracted rays to 
emerge at a moderate angle of deviation, the prismatic 
images formerly described will be large spectra, sub- 
divided by black spaces into 4, 5, 6, &c., coloured images of 
the candle, or of the long luminous line, exhibiting one of 
the most magnificent phenomena that can be witnessed. 

These phenomena vary, of course, with the thickness of 
the inclosed laminae, and as the laminae increase in thick- 
ness the subdivisions of the spectral images become more 
numerous. 

When we reflect light from these laminae ABCD, for 
example, by allowing the light to enter by the face BFHC, 
and emerge through the face AFHD, the boundary of total 
reflection is marked by a series of brilliant rectilineal fringes, 
polarized in the same manner as the image C, which is now 
the lowermost. When the light is transmitted through 
the laminae at the boundary of total reflection, by entering 
through the face BEGC, and emerging through AFHD, a 
series of rectilineal fringes complementary to the former 
reflected series is seen. I'hey also are polarized in the 
same plane as C, or the lowermost secondary image, and 
become much more distinct, by causing the oppositely-po- 
larized pencil to disap[)ear. 

The structure which produces the preceding phenomena, 
and the duplication of the images, will be understood 
from fig. 213, where ABDC 
is the principal section of a 
crystal of this kind of Ice- 
land spar, having AD for ^ 
its axis. One of the lami- 
nae oppositely crystallized is 
shown at Nyz, but much 
thicker than they are gene- 
rally, the angles AwM, DwN 
being 141® 44^ A ray of ordinary light R6 will be re- 
fracted in the lines ic, bd. These rays entering the lamina 
MN, will be again refracted doubly ; but as the vein is so 
thin as to produce the system of uniaxal rings, the colours 
will vary with the thickness of the film and the inclination 
of the ray to the axis of the lamina. The four pencils will 
emerge from the lamina at e,/, and will be refracted again, 
as in the figure, into the pencils em, cw, /o, fp, the colours 
of en^fo being complementary to those of em, fp. 

That the multiplication and colour of the images are 
produced by the causes above explained has been proved 
by Sir David Brewster, by actually placing laminm of dif- 
ferent crystals between the prisms AN, BN. In this way, 
by introducing different films in different azimuths, most 
beautiful combinations may be produced.! 

If we grind down the angles A and B, so as to have two 
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Polariza- faces perpendicular to the axis AB, the uniaxal system of 
tion. rings is beautifully modified by the action of the lamina 
MN ; and that this was the cause of the singular transfor- 
Modifica- mations which the rings experienced in different crystals, 
tions of the was proved by the author above quoted, by inserting la- 
between two plates of the chaux carhonatie hash of 
Bpart^ whose natural faces are perpendicular to the axis. 




Fig. 216. 


Fig. 214, Tig. 215. 

These transformations are exceedingly beautiful. Some 
of them are shown in figs. 214, 215, and 216, one of the 
rings consisting of eight dark radii, while the complemen- 
tary system has its inner circle marked with eight dark- 
coloured spots. These rings 
suffer beautiful changes, both 
by the motion of the plane 
round its axis when the ana- 
lysing plate is stationary, and 
by the motion of the analysing 
plate when the rhomb is sta- 
tionary. In studying these 
phenomena in a great variety 
of crystals intersected with one 
or more laminm, Sir David 
Brewster noticed a very re- 
markable fact. A rhomb of 
spar which produced in one part of it the transformed sys- 
tems already mentioned, exhibited a singular effect in an- 
other part, where the crystallimtion appeared perfect and 
simple^ and where there were decidedly no veins or laminae. 
In one position or azimuth of this crystal this portion 
gave, as might have been expected, the regular system 
of rings with the black cross shown in fig. 179. But upon 
turning it round 45°, all the rings became elliptical^ as 
shown in^fig. 217, 
the first order of 
colours in one 
quadrant having 
joined the second 
order of colours 
in the adjacent 
quadrant. The 
arms of the black 
cross took the 
contorted posi- 
tion ahc, def the 
continuations of it 
afterwards, — viz., 
osm, cn, do^ fp , — 
being so very faint as to show the continuity of the elliptical 
rings. In this figure the rings of the same order are marked 
with the same figure. The very same phenomenon, which 
points to important theoretical consequences, was observed 
by the same author in another rhomb of spar wholly with- 
out veinsy but the rings were not so elliptical as in fig. 217. 

This composite structure was discovered by Sir David 
Brewster in various minerals, and he has described it very 
minutely in the case of Brazilian topaZy sulphate of potash, 
and apophyllite. 

Sir John Herschel, we believe, first noticed this structure 



Fig. 217. 
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in Brazilian topaz, and observed that the central portion Polariza- 
of the crystal had a different colour from the external 
portion, and that the plane of the principal section of the 
different parts made angles of 20° db. Sir David Brewster Brazilian 
found very remarkable arrangements of the coloured por- 
tions, which he has represented in coloured drawings in 
the Cambridge Transactions, vol. ii. In some of these 
crystals the structure was tesselated, as in fig. 218, where 
ABED, CBEF are the two external tesselae, at one of the 
obtuse angles of the 
rhomboidal section. 

If we suppose that 
these tesselae are di- 
vided into four la- 
minae, 1, 2,3, 4, and 
that MN is the prin- 
cipal section, or one 
of the neutral axes 
of the central por- 
tion of the crystal 
con tiguous to D EF, 
then the laminae 1, 

1 have their princi- 
pal section in the 
direction aa' form- 
ing a very small 
angle with MN ; the 
laminae 2, 2 have Fig. 218 

their principal section in the line hh, and so on to the super- 
ficial laminae 4, 4, which have their principal section in the 
direction dd', inclined from 10°=fc to 22°± to MN, the in- 
clination varying in different crystals. The lines ad, hh\ 

&c., are also the principal sections of the corresponding 
laminae on the side NC. In like manner, the principal sec- 
tions aa', /5^', &c., of the laminae in BCFE,are the principal 
sections of the corresponding laminae on the other side AN. 

As the laminae, however, are infinite in number, the principal 
sections have every possible direction between dd' and 38. 

The bipyramidal sulphate of potash, which Count Bour- Sulphate 
non supposed to be a simple crystal, of potash, 

was found by Sir David Brewster to 
be a tesselated crystal, composed of 
three pair of crystals of the prismatic 
sulphate of potash combined so that 
each pair had their principal axis 
parallel. When exposed to polarized 
light, each pair gave the system of 
biaxal rings, and when held at a dis- 
tance from the eye, had the tesselated 
appearance shown in fig. 219, each 
opposite pair of the triangles having ^ Tig. 219 . 
the same tint. {Edin. Phil, Journal, vol. i., p. !)• 

The most remarkable of this class of minerals, and y * 

deed the most remarkable body in the 
whole mineral kingdom, is the tesse- 
lated apophyllite. It crystallizes most 
commonly in four-sided rectangular 
prisms, like CD (fig. 220). If we 
remove the uppermost slice A and 
the undermost B to the thickness of 
between the 50th and the 100th of 
an inch, and examine it either by 
the microscope or by polarized light, ^||| 
we shall find that it is like other 
uniaxal plates, giving a single sys- 
tem of rays having the very peculiar 
colours which have been already de- 
scribed. A number of veins appear 
at the edges, as shown in the figure. 

All the other slices lying below this 
exhibit the beautiful tesselated figure shown in fig. 221* 
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The outer case MONP, which, as it were, binds to- of the circumscribing plates, in consequence of which they ta- Polariza- 



gether the internal portions, consists of a great number 
of parallel veins or plates, which give the colours of 
grooved surfaces. This frame incloses nine different 
crystals, — namely, the central lozenge adcd, the four 
prisms A, B, C, D with trapezoidal bases, and the fo?/r 
triangular prisms eM, Imn, nkg^ gfe^ all of which are 
separated by distinct lines 
or veins, which are nearly 
all visible by the micro- 
scope by a proper method 
of illumination. In polar- 
ized light they are all seen 
with great facility. 

The most extraordinary 
fact connected with this 
structure is, that the cen- 
tral lozenge has only one 
axis cf double refraction^ p Li 
like the terminal plates A, Tig. 221 . 

B (fig. 220), while the fowr prisms A, B, C, D, and the 
four triangular spaces^ have TWO axes. In A and D the 
planes of the resultant axes are coincident, as in the oppo- 
site triangles of sulphate of potash, and lie in the direction 
MN, while the planes of the resultant axes in B and C lie 
in the direction OP. 

'When the plate MONP is exposed to polarized light and 
turned round its axis before the analysing plate, the lozenge 
abed will be dark in every position of the plate, while the 
portions A, B, C, D, will depolarize the light, or be lumin- 
ous, when MO or ON are parallel or perpendicular to the 
plane of primitive polarization. 

Remarkable as is the structure which we have now de- 
scribed, it is greatly excelled in beauty by another variety 
of Faroe apophyllite, in which Sir David Brewster disco- 
vered the most extraordinary organization. He has given an 
enlarged coloured drawingof the fine symmetrical tints which 
it exhibits in polarized light, in the Edinburgh Transactions; 
but we hope its structure may be understood by the follow- 
ing description which he has given of it. The crystals have 
a greenish -white tinge, and are aggregated togetlier in 
masses. The quadrangular prisms are in general below 
one-twelfth of an inch in width ; they are always unpo- 
lished on their terminal planes j they have the angles at tlse 
summit more deeply truncated than the other quadrangular 
prisms from Faroe ; they are always perfectly transparent ; 
and may sometimes be detached in a complete state, with 
both their terminal summits. 

‘‘ In examining this variety of apophyllite I was enabled, 
by the perfection of the crystals, to study their structure 
through the natural planes, and at right angles to their axes. 

“When a complete crystal is exposed to polarized light, 
with its axes inclined 45° to the plane of primitive polariza- 
tion, and is subsequently examined with an analysing prism, 
it exhibits, through both its pair of parallel planes, the ap- 
pearance shown in fig. 222. In turning the crystal round 
the polarized ray, all the tints vanish, reappear, and reach 
their maximum at tlie same time, so that they are not the 
result of any hemitropism, but arise wholly from a sym- 
metrical combination of elementary crystals possessing dif- 
ferent primitive forms and different refractive and polariz- 
ing powers. The difference in the polarizing powers is well 
shown by the variation of tint ; and the difference of refrac- 
tive power may be observed with equal distinctness by 
examining the crystal with the microscope under favour- 
able circumstances of illumination, when the outlines of 
the symmetrical forms shown in fig. 222 will be clearly visible. 

“ In examining the splendid arrangementof tints exhibited 
in the figure, the perfect symmetry which appears in all its 
parts is particularly remarkable. The existence of the curvi- 
iineal solid in the centre — the gradual diminution in the length 


per, as it wore, from the angles of the 
central rectangle to the truncated an- 
gles at the summits — but, above all, 
the reproduction of similar tints on 
each side of the central figure, and at 
equal distances from it, cannot fail 
to strike the observer with siirprhe 
and admiration. 

“ The tints exhibited by eac‘h 
crystal vary, of course, according 
to its thickness; but the range olV 
tint in the same plate, and at the I 
same thickness, generally amounts ' 
in the largest crystals to three of 
the orders of colours in Newton’s- 
scale. The central portion, and tlie | 
two squares above and below it, _ 
have in general the same intensity, jj 
while the four segments round tlie 
central portion, and some of the 
parts beyond each of the squares, 
are also isochromatic. In the cen- 
tral part the colours have a de- 
cided termination ; but towards the 
summit of the prism their outline is 
less regular, and less distinctly 
marked, though this irregularity 
has also its counterpart at the other 
termination. A part of these irre- 
gularities is sometimes owing to the 
longitudinal strise on the natural 
faces of the crystal, so that by care- 
fully grinding these off the beauty j.y! 
and regularity of tlie figure is greatly l '' 
improved, 

“ In order to ascertain the order of the colours polarized 
by the crystal, and observe in what manner they passed 
into one another, I transmitted the polarized light in a di- 
rection parallel to one of the ‘diagonals of the quadrangular 
prism, and thus obtained, as it were, a section of the differ- 
ent orders of colours from the zero of their scale. Tlie result 
of this experiment, which is shown in fig. 223, was highly in- 
teresting, as it displayed to the eye not only the law 
according to which the intensity of the polarizing forces 
varied in different parts of the crystal, but also the variation 
in the nature of the tints, and the connection betweeuthe.se 
two classes of phenomena. At the points in the diagonal 
mn opposite to b, a of the crystal, the ^ 

tints rose to the seventh order of co- 
lours ; and in other two places opposite m ^ . 
to Cy d, they were only to the sixth ; while ’ : 
near the summits at m, n they descended , 
so low as the fourth order. Hence it | 
follows that the four curvilineal seg- I 
ments (fig. 222) are next to these in in- I 
tensity ; that the central portions of the | 
squares are again inferior to these ; and | 
that the weakest polarizing force is near I 
the summit of the prisms. At aybtho 
fowrthy fifths and sixth fringes have 
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singularly serrated outline, exhibiting in | , 
a very interesting manner the sudde.o ! 
variations which take place in the polar- 
izing forces of the successive laminae. 

“ Having thus described the structure ! 
and properties of the tesselated apo- I 
phyliite, it becomes interesting to in- ? 
quire how far such a combination 
structures is compatible with the ad- Fig.S'-fa. 
mitted laws of crystallography. The growth of a crystal, 
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Polarlza- in virtue of the aggregation of minute particles endowed 
tiom with polarity, and possessing certain primitive forms, is easily 
comprehended, whether we suppose the particles to exist 
in a state of igneous fluidity or aqueous solution. But it is 
a necessary consequence of this process, that the same law 
presides at the formation of every part of it, and that tne 
crystal is homogeneous throughout, possessing the same 
mechanical and physical properties in all parallel direc- 
tions. 

“ The tesselated apophyllite, however, could not have 
been formed by this process. It resembles more a work of 
art, in which the artist has varied not only the materials but 
the laws of their combination. 

A foundation appears to be first laid by means of a 
uniform homogeneous plate, the primitive form of which is 
pyramidal. A central pillar, whose section is a rectangular 
lozenge, then rises perpendicularly from the base, and con- 
sists of similar particles. Round this pillar are placed new 
materials, in the form of four trapezoidal solids, the primi- 
tive form of whose particles is prismatic ; and in these solids 
the lines of similar properties are at right angles to each 
other. The crystal is then made quadrangular by the ap- 
plication of four triangular prisms of unusual acuteness. 
The nine solids arranged in tliis symmetrical manner, and 
joined by transparent veins performing the functions of ce- 
ment, are then surrounded by a wall composed of numerous 
films, deposited in succession, and the whole of this singu- 
lar assemblage is finally roofed in by a plate exactly similar 
to that which formed its foundation. 

‘‘ The second variety of the tesselated apophyllite is still 
more complicated. Possessing the different combinations 
of the^ one which has just been described, it displays, in the 
direction of the length of the prism, an organization of the 
most singular kind. Forms unknown in crystallography 
occupy its central portion j and on each side of it particles 
of similar ^ properties take their place at similar distances, 
now forming a zone of uniform polarizing force, now 
another increasing to a maximum, and now a third descend- 
ing in the scale by regular gradations. The boundaries of 
these corresponding though distant zones are marked with 
the greatest precision, and all their parts as nicely adjusted 
as if some skilful workman had selected the materials, mea- 
sured the spaces they were to occupy, and finally combined 
them into the finest specimen of natural mosaic.”^ 

We have represented in figs. 224 and 225 the figure pro- 
duced by polarized light by an internal slice of the barrel 
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Fig. 224. 

or cylindrical apophyllite from Kudlisaet, in Disco Island, 
brought home by Sir Charles Gies^cke. The figures are 
from different specimens. The shaded part of them has 
only one axis of double refraction^ while the four sectors 
have two axes^ the luminous sectors being analogous to the 
prisms A, B, C, D, and the dark figure to the central lo- 


zenge abcd^ in 


fig. 221. 


The mechanical structure of 


the cleavage planes resembles the optical figure even after 


the planes are ground. {Edinburgh Transactions^ vol. ix., Polariza- 
p. 328.) tion. 

Sect XV , — On the Absorption of Light by Uncrys- 
TALLizED Bodies. 

W hen a beam of light passes through the most transpa- Absorption 
rent media, such as air and water, a certain portion of it of Ifght 
is lost. This loss of light is particularly apparent in such 
bodies when a beam of light has traversed a great thick- ^odies^ 
ness of the gas or the fluid. This loss of light has been 
called absorption^ and the light lost is said to be absorbed; 
a term which we use at present merely to express a fact. 

There are two kinds of absorption which may be noticed : — 

1. That in which all the rays of the spectrum are propor- 
tionally absorbed or lost ; and, 2. That in which different 
quantities of the differently-coloured rays are lost. Those 
bodies in which the first kind of absorption takes place are 
colourless^ and those in which the second kind takes place 
are coloured. In black ink^ for example, the transmitted 
light of the sun is white. In red ink it is red, more of the 
most refrangible rays of the spectrum being lost than of the 
least refrangible ones. 

When a beam of the sun’s light falls upon a piece of 
charcoal the light is almost wholly lost or absorbed. Sir 
Isaac Newton thought that the light was reflected or re- 
fracted ** to and fro” within such bodies till it was lost ; 
but still the question meets us, Why is it lost If it is 
scattered in all directions, it must emerge again from the 
charcoal and be visible in some way or other. In order to 
meet this and other difficulties, the light is supposed to be de- 
tained within the body, and somehow united to its substance. 

In the case of red ink and similar bodies, Sir Isaac New- 
ton conceived that the blue rays which were lost were re- 
flected by the particles of the ink, while the red rays were 
transmitted, as in the colours of thin plates; but as we 
cannot by any process see these blue rays, we can only say 
that they are lost, and the cause of their loss is as difficult 
to be found as in the phenomena of imperfect colourless 
transparency. 

The following are the general phenomena of coloured 
absorptions in transparent bodies : — 

1. JRed transparent solids or fluids absorb, generally 
speaking, the blue end of the spectrum. 

2. Elue substances absorb, generally speaking, the red 
end of the spectrum. 

3. Green bodies absorb both the blue and the red en.ds 
of the spectrum. 

4. Yellow bodies absorb the blue and part of the green of 
the spectrum. 

But when we examine more narrowly the action of 
coloured bodies on the spectrum, we find that a body may 
derive its peculiar tint from absorbing two, three, four, up 
to many hundred separate parts of the spectrum, so that 
the colour of such a body is the combination of all the 
parts of the spectrum which are not absorbed. We may 
infer, however, from the general tint of the body, what 
parts of the spectrum it has chiefly absorbed. Red nitrous 
gas, for example, must have acted most powerfully upon 
the blue end of the spectrum, as we have already seen 
that it does. 

Two theories of absorption have been published by Sir Sir John 
John Herschel and Baron Wrede, founded upon the un- HerscheL 
dulatory theory. Sir John Herschel conceives that light 
may be lost within bodies by the interference of different 
parts of a ray, which, after taking two routes of dij/erent 
lengths, meet again in a condition to interfere. 


^ M. Biot has endeavoured, without success, to explain their structure by what he calls lamellar polarization, 
of the present chapter. 

VOL. XVI. 


See sect, xx., art. viii., 
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Baron Wrede supposes the particles of a transparent 
body placed regularly at equal distances, with the etl^r 
diffused between them. (See Taylors Scientific Me- 
moirs^ part iii.) When a ray ot light is propagated 
directly through this medium, a portion of it encoun- 
ters some of the particles, and is reflected backwaids, 
then forwards again, and emerges along with the direct 
ray, so that the reflected and direct portions will be in a 
state to interfere and destroy each other. This theory, 
which is analoiroiis to Newton’s, or rather the very same as 
Newton’s, is liable to the objection we have already urged 
to every theory in which the light is supposed to be de- 
composed by Interior reflections. Now, Baron Wrede’s 
hypothesis may explain all the phenomena, such as dark 
bands and dark lines, which are known to be produced by 
thin plates of various thicknesses, as Dr Young has stated 
and it may even explain those bands and absorptions 
more recently discovered in decomposed glass by Sir David 
Brewster, where the effects are clearly produced by a 
combination of a great number of thin plates,^ but where 
the reflected light is as copious as the transmitted light. 
But we cannot conceive it at all applicable to the cases of 
nitrous gas (to which he has attempted to apply it), and to 
solids and fluids, in which all attempts have failed to dis- 
cover any of the reflected rays. 

An important connection between the phenomena of the 
absorption of light and the colours of thin plates” has been 
pointed out by Sir David Brewster, in a paper with that 
This connection has been proved by a series of ex- 
periments made with akindof artificial mother-of- 

pearl (including thin plates in its substance), with films of 
decomposed glass, and with doubly-refracting plates, which 
give the colours of polarized light. In all these cases, but 
more especially in the experiments with decomposed glass, 
the characteristic phenomena of absorption are produced. 
Our limits will not permit us to describe the methods by 
which this result was obtained. 


* SecL XVL — On Dichkoisk, and the Absorption of 
Common and Polarized Light by Doubly-Refract- 
ing CXiYSTALS. 

Dicbroism. The name of dichroism^ or double colours^ was given very 
appropriately, by M. Cordier, we believe, to a mineral 
called ioUte, which in common light exhibited two different 
colours in different directions. Dr Wollaston and several 
mineralogists had observed this double colour in potash, 
muriate of palladium, tourmaline, and other crystals. The 
origin of this singular property was not known till Sir 
David Brewster investigated the subject in iolite^ and 
showed that it was connected with the doubly-refracting 
structure, and never occurred in the tessular crystals which 
did not possess double refraction. 

The connection of dichroism with double refraction, and 
its general- laws, will be understood from the following ob- 
servations. In a specimen yellow Iceland spar the ex- 
traordinary image is of an orange-yellow colour, while the 
ordinary image is yellowish-white* Along the axis of 
double refraction the colour of the two pencils is exactly 
the same, and the difference of colour increases with the 
inclination of the refracted ray to the axis. Hence the dif- 
ference of colour increases in proportion to the difference 
of the velocities of the two rays, and is consequently a maxi- 
mum in the equator of double refraction, and is the same 
in all parallels ; the colour along the axis being the natural 
colour of the- mineral. This is the invariable law of tlie 
phenomena in uniaxal crystals. The following are the ob- 
servations made by the author referred to 
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Colours of Two Images in Crystals with one Axis* 


Polariza- 


Names of Crystals. 

Colour when its Axis 
is in the Plane of Pri- 

Colour when its Axis tion. 

is Perpendicular to ^ „ 

Zircon 

xnitive Polarization. 

, . . . Brownish-white 

that plane, ^ ^ 

....A deeper brown. 

Sapphire 

.... Yellowish-green 

....Blue. crystals. 

Ruby 

.... Pale yellow 

....Bright pink. 

Emerald 

... Yellowish-green 

....Bluish-green. 

Emerald 

... Bluish-green 

. . . Y ello wish-green . 

Beryl, blue 

... Bluish-white 

...Blue. 

Beryl, green 

... Whitish 

...Bluish-green. 

Beryl, yellow-green 

...Pale yellow 

...Palo green. 

Rock-crystal almost 

1 Whitish 

...Faint brown. 

transparent. 

Rock-crystal, yellow.... 

J 

... Yellowish-white 

....Yellow. 

Amethyst 

... Blue 

....Pink. 

Amethyst 

.... Grayish-white 

....Ruby-red. 

Amethyst 

.... Reddish-yellow 

.... Ruby -red. 

Tourmaline 

.... Greenish-white 

....Bluish-green. 

Rubellite 

.... Reddish- white 

....Faint red. 

Idocrase 

....Yellow 

-...Green. 

Mellite 

....Yellow 

....Bluish-whfte. 

Phos. of lime (lilac) 

.... Bluish 

....Reddish. 

» (olive) 

.... Bluish-green 

. . . . Y ellowish-green. 

Phos. of lead 

.... Bright green 

....Orange-yellow. 

Calcareous spar 

, . . . Orange-yellow 

.... Yellow ish-w bite. 

Octohedrite 

.... Whitish-brown 

.. . .Yellowish-brown. 
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Sir John Herschel has found tins property beautifully 
displayed in the sub-oxysulphate of iron, which crystallizes 
in six-sided prisms. Along the axis the colour is a deep 
hlood-red, while through the sides of the prism it is of a 
light green colour. Several tourmalines have also been ob- 
served by Sir John to have these same colours along the 
axis, and at right angles to it. There can be little doubt 
that this property will be found in every crystal of sufficient 
thickness that has the property of double refraction. Even 
if the crystal is colourless, a slight inequality in the in- 
tensity of the two images may be observed ; and when it is 
distinctly coloured, the difference of intensity is very easily 
seen, even v'hen the two colours are not of a different kind. 

The phenomena of dichroism are best seen in crystals 
with two axes of double refraction, and are well exempli- 
fied in iolite^ a mineral which crystallizes in six or twelve 
sided prisms. These prisms are of a deep blue colour when 
seen along the axis, and of a yellowish-brown colour when 
viewed in a direction j)erpendicular to the axis. 

li' abed is a section of the prism of iolite in a plane paral- 
lel to the axis of the prism, the transmitted 
light will be blue through the faces ah and 
dc, and yelloxoisk-brown through ad^ hc^ 
and in every direction perpendicular to the 
axis of the prism. If we grind down the 
angles a, c, J, df, so as to replace them with 
faces mUy m'n\ and qp, inclined 31^ 

41' to ad^ or to the axis of the prism ; then, 
if the plane abed passes through the re- 
sultant axes of double refraction, we shall observe, by trans- 
mitting polarized light through the crystal in the directions 
ac, hd, and .subsequently 
analysing it, a system of 
rings round each of these 
axes. The system will ex- 
hibit the individual rings 
very plainly if the crystal 
is thin ; but if it is thick, 
we shall observe, when 
the plane abed is perpen- 
dicular to the plane of pri- 
mitive polarization, some 
branches of blue and white 
light, diverging in the form 
<f a cross from the centre 
of the system of rings, or the poles of* no polarization, as 






Sig* 220. 



1 £J/emnts ofJYat* JPhil, vol. i., p. 469. 


^ Phil. Tram. 1837, p«rt ii. 


3 JCiHa. Tram. 1837, pp. 245-*252. 
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Polftriza- shown at p and p (fig. 227), where the shaded branches 
tion. represent the blue ones. The summits of the blue masses 
at p and p' are tipped with purple, and are separated by 
whitish light in some specimens, and yellowish light in 
others. The white light becomes more blue from p and 
p to 0 , wdiere it is quite and more yellow from p 
and p to c and where it is completely yellow. When 
the plane abed is in the plane of primitive polarization, the 
poles p^ p are marked by spots of white light, but every- 
where else the light is a deep blue. 

In the plane cadb (fig. 227), the mineral, when we look 
through it at common light, exhibits no other colour but 
yellow, mixed with a small quantity of blue polarized in 
an opposite plane. The ordinary image at c and J is yel- 
lowish-brown, and the extraordinary image faint blue, the 
former receiving some blue rays, and the latter some yel- 
low ones from c and dXio a and where the difference of co- 
lour is still well marked. The yellow image fainter 

from a and b to p and p', till it changes into blue, and the 
faint blue image is strengthened by other blue rays, till the 
intensity of the two blue images is nearly equal. As the 
incident ray advances from c and dio p and p\ the faint 
blue image becomes more intense, and the yellow one, re- 
ceiving an accession of blue rays, becomes of a bluish-white 
colour. The ordinary image is whitish from p and^' to o, 
and the extraordinary a deep blue ; but the whiteness gra- 
dually diminishes towards o, where they are both almost 
equally blue. 

The principal axis of double refraction in iolite is nega- 
tive. The most refracted image is purplish-blue, and the 
least refracted one yellowish-brown. 

The following table shows the colours exhibited by crys- 
tals with two axes : — 


Biaxal 

crystals. 


Colours of the two Images in Crystals with two Axes, 


Kamos of Crystals. 

Axis of Prism in the 
Plane of Primitive 
Polarization. 

Axis of Prism pc*r- 
pcndicnlar to the 
Plane of Primitive 
Polarization. 

Mica 

..Blood-red 

..Pale greenish-yellow. 

Acetate of copper .... 

.Blue 

. .Greenish-yellow. 

Muriate of copper’^.,. 

. .Greenish- white 

..Blue. 

Olivine 

..Bluish-green 

..Greenish-yellow. 

Sphene 

.Yellow 

.Bluish. 

Kitrate of copper 

.Bluish- white 

..Blue. 

Cromate of lead 

..Orange 

. .Blood-red. 

Staurotide 

.Brownish-red 

. . Y ellowish-white. 

Chloride of gold and ] 
sodium J 

^ Lemon-yellow 

..Deep orange. 

Chloride of gold and ] 
ammonia J 

1 Lemon-yellow 

..Deep orange. 

Chloride of gold and ] 
potassium... J 

1 Lemon-yellow 

..Deep orange. 

Auglte 

. .Blood-red 

. .Bright green. 

Anhydrite 

..Bright pink 

..Pale yellow. 

Axinite 

..Reddish-white 

, .Yellowish-white. 

Diallage 

..Brownish-white 

..White. 

Sulphur 

..Yellow 

..Deeper-yellow, 

Sulph. of strontites... 

..Blue 

..Bluish- white. 

„ cobalt. 

..Pink 

..Brick-red. 

Olivine 

..Brown 

..Brownish-white, 

Murexide^ 

..Red 

,, Yellowish. 

Kaline 

..Yellow 

..Pink. 


In the last eight crystals of the preceding table the tints 
are not given in relation to any fixed line. 

In Withamite, a crystal whose principal axis is negative 
in relation to the axis of the prism, the dichroism is beau- 
tiful, and is exhibited both in common and polarized light. 
When common light is transmitted through the two pa- 


rallel faces of the prism, the tint is of a crimson or ame- Polariza- 
thyst colour, with a mixture of straw colour. Upon turn- tion. ' 
ing the crystal round, the yellow tint disappears, and the 
colour becomes a deep crimson-red. On continuing to 
turn the prism, the colour changes to a straw-yellow, and 
at the end of half a revolution the crystal resumes its com- 
pound tint. In the groups of crystals which have pene- 
trated the quartz, some of them occupy accidentally the 
position which gives the yellow colour, others that which 
gives the red colour, and some that which gives the com- 
pound tint, so that, without a knowledge of their dichroitic 
property, the group might have been considered as com- 
posed of three different sets of crystals.® 

The following table contains the characters of the two 
pencils in crystals the number of whose axes has not yet 
been determined. 

Phosphate of iron Fine blue Bluish-white. 

Actynolite Green Greenish-white. 

Precious opal Yellow Lighter yellow. 

Serpentine Dark green Lighter green. 

Asbestos Greenish Yellowish. 

Blue carb. of copper Violet-blue Greenish-blue. 

Orpiraent Sulphur-yellow Lighter yellow. 

Sir David Brewster found that the dichroism of several 
crystals is changed by heat, and that in some cases this 
property may be communicated to them.^ In several co- 
loured glasses, too, he found an analogous property, when 
they had received the doubly-refracting structure either 
temporarily or permanently.® 

The curious subject of dichroism has been investigated 
with great success by MM. Babinet, Haidinger, and Se- 
narmont. M. Babinet found, that all negative crystals, 
such as calcareous spar, corundum, including ruby and 
sapphire, tourmaline and emerald, absorb in a greater de- 
gree the ordinary ray, with the exception of beryl, apatite, 
and some apophyllites ; while positive crystals, such as 
zircon, smoky quartz, sulphate of lime, and common apo- 
phyllite, absorb in a greater degree the extraordinary ray. 

M. Babinet found also that certain crystals, such as 
tourmaline and ruby, transmit rays of their peculiar colour 
without being polarized, in which cases the black cross of 
their system of rings is coloured, and this unpolarized light 
exists both in the ordinary and extraordinary ray. 

In several minerals three colours have been observed, and 
the name trichroiiic given them, — a name which has been 
abandoned for polychroitic, used by M. Senarmont, and 
pleochroitic, adopted by M. Haidinger of Vienna, who has 
treated the subject with great fulness and ability. We re- 
gret that our limits will not permit us to give any account 
of his researches ; but the reader will find them in Poggen- 
dorPs Annalen,^ and in the Abbe Moigno’s Repertoire 
dOptique ModerneJ 

We have already seen, in tlie History of Optics, that M. Artificial 
Senarmont has succeeded in imparting an artificial poly- poly chro- 
chroism to crystallized substances. When certain crystals ism. 
are formed in a solution containing a colouring matter suf- 
ficiently subtile, it is distributed almost molecularly in their 
interior between the minute laminae of which it is com- 
posed. In this state it is absolutely foreign to the substance 
of the crystals, being chemically inert; and though it may 
spontaneously disappear after several successive dissolutions 
of the crystallization in pure w'ater, yet it nevertheless 
communicates in the highest degree the properties of poly- 
chroism, and an energy of absorption comparable, it not 
superior, to those of substances naturally coloured, when it 
is shown in the distinctest manner. 


1 The colours are given in relation to the short diagonal of its rhomboidal bar. 

2 When the axis of the prism is in the plane of polarization. ® JS/dtn, Jour, of Science, April 1825, vol, ii., p. 219. 

Especially in Brazilian topaz. (See Treatise on Optics, edit. 1853, p, 358.^ 

* See Phil. Trans. 1819, p. 11 ; or Edin. Phil. Jour., vol. 346. 
e Tom. Ixi., pp. 295, 307 ; Ixx., pp. 631; 574 ; Jxxi., p. 321 ; and Ixxvi., pp. 99, 294. 


Tom. iv., pp. 1565-1592. 
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In crystals of nitrate of strontian^ for example, coloured 
with a concentrated tincture of Campeachy wood brought 
to a purple tint by a few drops of ammonia, the crj'stals 
resembled chrome colour in their tint, and exhibited the 

following phenomena of polychroism : — 

1. Common white light developed by transmission at 
certain incidences a red colour, and under others, a blue 
and violet colour. 

2. One of tlie doubly-refracted pencils was and the 
otlier deep violet, according to the thickness ; and these 
pencils changed their colours in proportion as the crystal- 
lized plate turned in its proper plane. 

3. Two similar transparent plates, superposed similarly, 
allow a portion of white light to pass in the purple pencil, 
and when superposed transversely, they stop it like tour- 
maline, or, at least, reduce to a violet shade so obscure, 
that it may be regarded as extinct 

4. If we look along the optical axes of a detached plate, 
perfectly pure and homogeneous, we shall see alternately, in 
the direction of each axis, a brilliant orange spot crossed 
by a hyperbolic branch. These spots spread themselves 
to the right and left of the principal section in the form 
of curved pencils, half violet and deep blue, and divide the 
field of the plate into two regions, when the purple tints 
shade off on each side of their common limit. The dark 
brushes interrupted by the luminous spot are fringed to- 
wards the point with a little yellow and blue^ arising from 
the dispersion of the optical axes. 

We look forward with much interest to the publication 
of M. Senarraont’s laborious researches on this curious 
subject.^ 

Sect XF//.~-On the Action of the Surfaces of 

Crystallized Bodies upon Common and Polarized 
Light. 

It was remarked by Mains, that the action of the sur- 
face of Iceland spar upon light is independent of the posi- 
tion of its principal section, and that its surface acts like 
that of any common transparent body.^ In examining, 
however, the superficial action of this mineral, Sir David 
Brewster discovered that all its surfaces, without excep- 
tion, exercise a remarkable action upon light, and that its 
polarizing angle varied in different azimuths, excepting 
when the surface was perpendicular to the axis. 

If A and A" are the minimum and maximum polarizing 
angles, — viz., in azimuth 0®, or in the plane of the principal 
section, and in azimuth 90®, or perpendicular to that plane, — 
he found that the variation of the polarizing angle was re- 
presented by the following expression, wliere Al is the 
polarizing angle required at the azimuth a : — 

A' = A + sin^ a (A" - A) ; 

in a plane perpendicular to the axis, A" — A = 0, and con- 
sequently no cliange takes place in the polarizing angle ; 
in planes inclined 45® 23' to the axis on the actual faces of 
the rhomboid, 

A-A = 2® 18 ; 

and in planes coincident with the axis, A"- A = 4® nea^l 3 ^ 

The following w'ere the measures which were obtained 
on the natural faces of the rhomb : — 


Azimuth 


Polar! z'lTiff Angle. 
67® 7i’ 

)» 

50 57 

58 32 



90 0 


On faces nearly parallel to the axes : — 


Azimuth 



* if 


68 14 
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Sir David Brewster also observed that the polarization Polariza- 
was more complete in azimuth 0® than in azimuth 90® on tion. 
the faces of the rhomb ; but more complete in azimuth 
90® than in azimuth 0° in faces parallel to the axis. 

As these experiments clearly proved that the forces which 
produced double refraction extended beyond the surface of 
Iceland spar, our author became desirous of ascertaining 
if the light polarized by reflection from the spar suffered 
any change from the same cause. He therefore thought of 
w'eakening the force which produces reflection, in order to 
allow the interior force to show its weaker influence ; and 
he accomplished this by placing oil of cassia on its surface, 
and examining the light reflected at the separating surface 
of the spar and the oil. The experiments which were thus 
made, and which are detailed in the Philosophical Trans^ 
actions for 1819, completely proved that the interior force 
polarized common light out of the plane of reflection, and 
modified the law of intensity, according to which light is 
reflected at different angles of incidence. 

These experiments excited no attention till 1835, when 
Professor Maccullagh of Trinity College, Dublin, began to 
investigate the laws which regulate the reflection and re- 
fraction of light at the separating surface of two media. He 
had anticipated from theox-y effects the reverse of those de- 
duced from the preceding experiments: and in order to 
account for the latter, he was obliged to modify his theore- 
tical views, and was thus led to the result, that when a i-ay 
is polarized by reflection from a doubly-refracting surface, 
the plane of polarization deviates from the plane of inci- 
dence, except when the axis lies in the latter plane. The 
formula which expresses this deviation represents very ac- 
curately the measures of the polarizing angles in different 
azimuths in the natural faces of the rhomb, the only sur- 
face in which the exception is true ; but at all other incli- 
nations of the reflecting planes to the axis, the theory and 
the formula are in fault, for there is a large deviation when 
the axis or principal section of the crystal is in the plane of 
reflection. 

Pi’ofessor Maccullaglfs success in deducing theoretically 
the general fact of a deviation increasing as the refractive 
power of the medium approached to that of the spar, induced 
Sir David Brewster to resume his inquiries, the general re- 
sult o(* which he communicated to the British Association at 
Bristol in 1836, in the following very brief abstract : — 

“ When light is reflected at the separating surface of two 
media, the lowermost of w'liich is a doubly-refracting one, 
the reflected ray is exposed to the action of two forces, one 
of which is the ordinary reflecting force, and the other a 
force which emanates from the interior of the doubly-re- 
fracting crystal. When the first medium is air, or even 
water, the first of these forces overpowei*s the second ; and, 
in general, the eftects of the one are so masked by the 
effects of the other that I was obliged to use oil of cassia, 
a fluid of high refractive power, in order that the interior 
force of the calcareous spar wliich I wished to examine 
might exhibit its effects independently of those which arise 
from ordinary reflection. The separating surface, there- 
fore, which I used had a small refractive power ; and the 
iTflecting pencil is so attenuated, especially in using {lo- 
larized light, that it is almost impossible to use any other 
light than that of the sun, 

“ W'hen a pencil of common light is reflected from the 
separating surface of oil of cassia and calcareous spar, the 
general action of the spar is to polarize a part of the ray 
in a plane perpendicular to that of reflection, and thus to 
produce by reflection the very same ejfcct that other sur-- 
faces do by refraction. 


^ Spe Comptes Renrlus, 1854, vol, xxxviii., pp. 101-105. 

® Thiorie de la Double Refraction^ pp. 240, 241 ; and Biot’s Traitt de Physique, tom. iv., p. 339. 
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“ On the face of calcareous spar perpendicular to the 
axis of the crystal, the effect is exactly the same in all azi- 
muths ; but in every other face the effect varies in different 
azimuths, and depends upon the inclination of the face to 
the axis of double refraction. On the natural face of the 
rhomb common light is polarized in the plane of reflec- 
tion, in 0° of azimuth, or in the plane of the principal sec- 
tion ; but at 38 of azimuth, the whole pencil is polarized 
at right angles to the plane of reflection ; and in other azi- 
muths the effect is nearly the same as I have stated in my 
printed paper. 

‘‘ In order, however, to observe the change which is ac- 
tually produced upon light, it is necessary to use two pencils, 
one polarized + 45°, and the other - 45°, to the plane of 
incidence. The planes of polarization of these pencils are 
inclined 90° to each other, and the invariable effect of the 
new force is to augment that angle in the same manner as 
is done by a refracting surface, while the tendency of the 
ordinary reflective force is to diminish the same angle. 
Hence I was led to make an experiment in which these 
opposite forces might compensate one another. I mixed 
oil of olives and oil of cassia till I obtained a compound 
of such a refractive power that its action in bringing to- 
gether the planes of polarization should be equal to the ac- 
tion of the new force in separating them. Upon reflecting 
the compound pencil from this surface, I was delighted to 
find that the inclination of the planes was still 90°, and I 
thus obtained the extraordinary result of a reflecting sur- 
face which possessed no action whatever upon common or 
upon polarized light.” 

Sect, XVIIL — On the Double Reflection and Po- 
larization OF Light by the Surfaces of certain 
Minerals. 

As the light which transparent bodies reflect from their 
first surface does not enter the substance of the body, it 
was always supposed to be colourless, whatever was the 
colour of the body which reflected it. This supposition 
was not confirmed by experiment till chemistry presented 
us with various substances in which the light which they 
reflected appeared to be distinctly coloured. Having ob- 
served this fact, Sir David Brewster in 1845 examined 
the action of this class of crystals upon light, particularly 
chrysammate of potash^ chrysammate of magnesia, murexide, 
and various other crystals in which the coloured reflection 
took place. The chrysammate of potash, which crystallizes 
in very small, flat, rhombic plates, has the metallic lustre of 
gold, from which it derives its name of golden sand. 
When the sun’s light is transmitted through the rhombic 
plates, it has a reddish -yellow colour, and is wholly polar- 
ized in one plane. When the crystals are pressed with the 
blade of a knife on a piece of glass, they can be spread out 
like an amalgam. The light transmitted through the thin- 
nest films thus produced consists of two oppositely-polarized 
pencils — the one of a bright carmine-red, and the other of 
a pale yellow^ When the films are thicker, the two pencils 
approach to two equally bright carmine-red pencils. 

When common light is reflected at a perpendicular inci- 
dence from the surfaces of the crystals or films, it has the 
colour and metallic lustre of virgin gold. It becomes less 
and less yelloio as the incidence increases, till at very great 
incidences its colour is 2 , pale bluish-white. This reflected 
pencil consists of two oppositely- polarized pencils — one 
polarized in the plane of reflection, and of a pale bluish- 


white colour at all incidences ; and the other polarized per- Polariza- 
pendicularly to the plane of reflection, and of a golden- 
yellow colour at small incidences, passing successively into 
a deeper yellow, greenish-yellow, green, greenish-blue, blue, 
and light pink, as the angle of incidence increases. This 
very remarkable property is exhibited under the usual mo- 
dification if the surface of the clirysammate is in optical 
contact with fluids, or if it is a surface produced by pressure 
and traction. The same property is seen when the crystal is 
in the act of being dissolved, or when a fresh surface is ex- 
posed by mechanical means. When the chrysammate is 
re-crystallized from an aqueous solution, it appears in tufls 
of prisms of a bright red colour, the golden reflection being 
overpowered by the transmitted light ; but when these tufts 
are spread into a film by pressure and traction, the golden- 
yellow colour reappears. Wlien the crystals of chrysammate 
are heated with a spirit-lamp, or above a gas-burner, they 
explode with a flame and smoke like gunpowder and, by 
continuing the heat, the residue melts, and a crop of colour- 
less amoiphous crystals is left.® 

This interesting subject has been studied by M. Hai- 
dinger under the name of chatoyemeni metallique, M, 

Babinet had found that in all crystals, whether negative 
or positive, the most refracted ray, which in the first of these 
classes is the ordinary one, is more absorbed than the 
extraordinary or least-refracted ray ; while the least-refracted 
ray, or the extraordinary one, is the least absorbed in the 
other class. Taking as the ground of comparison this law 
of Babinet, M. Haidinger found that the direction of the 
polarization of the reflected light coincided with the di- 
rection of tlie polarization of the ray which was most ab- 
sorbed in doubly-refracting crystals,® 

Professor Stokes observed the same property of double 
reflection and polarization in carthamine, or safflower-red, 
and had been led independently to the fact of the orienta- 
tion of the reflected pencils.^ 

Sect XIX , — On the Mutual Action of Polarized 
Rays. 

As this curious subject has been studied only by MM. Mutual 
Arago and Fresnel, we shall therefore make no apology for action of 
giving an account of the results which they obtained nearly polarized 
in the words of M. Fresnel himself:® — 

“ In studying the interference of polarized rays, M, 

Arago and I found that they exercise no influence upon 
one another when their planes of polarization are perpen- 
dicular to each other — that is, that they cannot then produce 
fringes, although all the necessary conditions for their ap- 
pearance in ordinary cases be scrupulously fulfilled. Three 
principal experiments illustrate this fact. The first, by M, 

Arago, consists in making two pencils, emanating from the 
same point, and introduced by two parallel slits, traverse 
two piles of very thin transparent plates, such as those of 
mica or blown glass, which are sufficiently inclined to each 
other to polarize almost completely each of the two pencils, 
taking care that the two planes are perpendicularly inclined 
to each other. In this case no fringes can be perceived, 
whatever care may have been taken thus to compensate the 
differences of both in varying very gently the inclination 
of one of the piles ; but when the planes of incidence of 
the piles are no longer perpendicular to each other, they 
always cause the fringes to appear. In proportion as the 
planes cease to be parallel the fringes become weaker, and 
they disappear altogether when they are rectangular. It 


1 Sir David Brewster found the same explosive property in aloetinatt of potash, 

2 Proceedings of Phil, Soc. St Andrews^ ,Tan. 6, Feb. 2, &c., 1846 ; Report of Brit, Assoc, 1846, p. 7 ; and Abbe Moigno’s Repertoire, &c., 
vol. iv., p. 1558 ; see also Phil. Mag,, March 1854, vol. vii., p. 171. 

® See Poggendorf’s Annalen, tom. Ixx., Ixxi., Ixxvi. ; and Moigno’s Repertoire dlOptique, iv. 1564. 

^Phil. Mag,, December 1853, ^ Pouillet, Rlemens de Physigue Experimental et de Meteorologie, liv. viii., chap. iiL 
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Polariza- results from these experiments, that rays polarized in the 
same plane influence one another, like the rays of light not 
modified ; but this influence diminishes in proportion as the 
planes of polarization deviate from one another, and be- 
comes nothing when they are rectangular. 

“ The following experiment leads to the same results ; — 
Take a plate of sulphate of lime or of rock-crystal parallel 
to its axis, and of a uniform thickness ; cut it in two, and 
place each of the halves upon one of the slits of the screen. 

I suppose that we have turned the two halves in such a 
way that the edges which were in contact before the divi- 
sion of the plate are parallel, and the axes will also be 
parallel. But in this case we only perceive a single group 
of fringes in the middle of the bright space as it was before 
the division of the plates. But if we turn one of these 
halves in its plane, thus disturbing the parallelism of their 
axes, we make two other groups of fainter fringes spring up, 
situated one on the right and the other on the left of the 
group in the middle, and which are completely separated 
from it, in the white light when the plates of rock-crystal 
or of sulphate of lime which are used are only a millimetre 
thick. It is to be remarked that the number and breadth 
of the fringes lying between the middle of one of these 
groups and the central group is proportional to the thick- 
ness of the plates for crystals of the same kind, or whose 
double refraction is of the same strength, like rock-crystal 
and sulphate of lime. In proportion as the angle of the 
two axes increases, these new groups of fringes become 
more and more distinct, and attain at last their maximum 
intensity when the axes of the two plates are perpendicular 
to each other. In this position, the central group, which 
had been gradually weakened, has altogether disappeared, 
and is replaced by a uniform light. Hence the rays which 
produce them, by interference, are no longer capable of 
influencing one another. 

“From the position of these fringes, it is easy to see that 
they result from the interference of the rays which have 
undergone the same kind of refraction in the two plates. 
Hence the fringes of the central groups were formed by the 
superposition of those which arise — 1. From the interfer- 
ence of the ordinary rays of the left plate with the ordinary 
rays of the right plate ; 2. From the interference of the 
extraordinary rays of the first plate with the extraordinary 
rays of the second. The two eccentric groups, on the con- 
trary, arise from the interference of the rays which have 
undergone different refractions in the two plates ; and as it 
is the ordinary rays which move with the greatest velocity 
in sulphate of lime or rock-crystal, we see that if we employ 
one of these two species of crystals, the left group ought to 
be formed by the union of the extraordinary rays of the 
I ft plate with the ordinary rays of the right f)late, and the 
right group by the union of the extraordinary rays of the 
right plate with the ordinary rays of the left plate. This 
being established, it remains now to determine the direction 
of polarization in each of the pencils which interfere, in 
order that we may deduce from it what are the relative 
directions of the planes of polarization which favour or hinder 
their mutual influence. When the plates are one or two 
millimetres thick, and one of their edges is cut obliquely 
to separate the ordinary and extraordinary rays, w^e find that 
they are effectually polarized, the first in the principal sec- 
tion, and the others in a perpendicular direction. When 
the axes of the two plates were parallel, the rays which had 
experienced the same refractions in the two crystals were 
found polarized in the same direction, and those of contrary 
colours in rectangular directions. It is thus that the group 
of fringes in the middle which proceed from the interference 
of rays of the same name had a maximum intensity, and the 
two others, which resulted from the interference of the rays 
of contrary names, did not appear again. But when the 
axes of the two plates formed an oblique angle, of *45® for 
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instance, the rays of a contrary name, and those of the same Polariza- 
name, could act at the same time one upon the other, since tion. 
their polarizing planes were no longer rectangular, and the 
three groups of fringes were produced. WMien, in short, 
the axes became perpendicular to one another, the rays of 
the same colour were polarized in rectangular directions, 
and the central group, to which it bad given birth, vanished, 
while the ordinary rays of the left plate were then polarized 
parallel to the extraordinary rays of the right plate ; and 
this is the cause why the right group wliich tliey produce 
attained its maximum intensity. It is the same with tlie 
left group, arising from the interference of the ordmary 
rays of the right plate with the extraordinary rays of tlie 
left plate. 

“ The following is a third experiment, which confirms the 
results of the first : — Having polislied a rhomb of calcareous 
spar upon two opposite faces, I sawed it per})cndiciilarly to 
these iaces, and obtained two rhombs of equal thickness, in 
which the routes of the ordinary and extraordinary rays were 
exactly parallel at the same incidence. I placed them one 
before the other, so that the rays from the luminous point 
which had traversed the first rhomb passed perpendicularly 
through the second; the principal section of the second 
rhomb being perpendicular to that of the first, so that the 
four pencils w^ere reduced to two. The ordinary pencil of 
the first rhomb was refracted extraordinarily in the second, 
and the extraordinary pencil of the first was refracted ordi- 
narily in the second. From this arrangement it followed, 
that the difference of the route, proceeding from the differ- 
ence of velocity of the ordinary and extraordinary rays, was 
found compensated for by the two emerging pencils. They 
crossed each other, too, at a very small angle, and though 
the fringes ought to have had a magnitude sufficient to be 
seen, yet I never could succeed in making them appear. 

“While I was searching for them with a magnifying glass, 

I gently varied the direction of one of the rhombs, in order 
to compensate the effect resulting from any difference of 
thickness, but I never could perceive any fringes. I easily 
succeeded, however, in making them appear by employing 
the light which had been polarized before h entered the 
rhombs, and in causing it to receive a new polarization after 
its emergence. It is then demonstrable that rays polar^ 
ized at right angles cannot exert any sensible injluence 
upon one another, 

“ Another remarkable fact is, that when they have been 
once polarized in rectangular directions, it is not sufficient 
that they are brought back to a common plane of polariza- 
tion, in order that they may give apparent signs of their 
mutual influence. If we cause the rays which have emerged 
from the two slits, and which are polarized at right angles, 
to pass through a pile of inclined plates of plane glass, no 
fringes are perceived, in whatever direction its rays of inci- 
dence are turned. Instead of a pile, we may employ a 
rhomb of calcareous spar. If we incline its principal section 
at 45® to the plane of polarization of the incident pencils, so 
that it divides into two equal parts the angle which they 
make with each other, each image will contain the lialf of 
each pencil, and these two halves having tlie same plane of 
polarization in the same image, ought to produce fringes 
there, if it is sufficient to bring back the rays to a plane of 
common polarization, to re-establish the apparent effects of 
their mutual influence. But the fringes can nevtT be ob- 
tained by this method as long as the rays have not been 
polarized in the same plane, before they were divided into 
two pencils polarized at right angles. 

“ When the light has experienced this previous jK)lariza- 
tion, on the contrary, the interposition of the rliomb makes 
the fringes reappear. The most advantageous direction to 
give the primitive plane of polarization is that which 
divides into two equal parts the angle of the rectangular 
planes in which the two pencils are polarized in the second 
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Polariza* instance, because then the incident light is equally divided 
tion, between them. Suppose that the primitive plane of polari- 
zation is horizontal, it will be necessary that the planes of 
polarization impressed upon each of the two pencils be 
inclined 45° to the horizontal plane, the one above it and 
the other below it, in such a manner that they remain per- 
pendicular. We can obtain this rectangular polarization 
either with the help of two little piles, or with two plates 
whose axes are rectangular axes, or with a single crystal- 
lized plate. We shall only consider this last case. 

To divide the light into two pencils, which cross under 
a small angle, and which may thus produce fringes, the 
apparatus of two glass mirrors blackened behind is generally 
better than the screen pierced by two slits, because it pro- 
duces more brilliant fringes. It has, besides, the advantage 
of giving immediately to the two pencils the previous po- 
larization necessary to our experiment ; it is suflScient for 
this purpose that the mirrors be inclined 35° to the incident 
rays. We place near them, in the line of the reflected 
rays, and perpendicularly to their direction, a plate of sul- 
phate of lime or of rock-crystal parallel to the axis, and one 
or two millimetres thick, inclining its principal section 45° 
to the plane of primitive polarization, which we have sup- 
posed horizontal. The apparatus being thus placed, we 
only see a single group of fringes across the plate as before 
its interposition, and it occupies the same place. But if 
we put before the magnifying glass a pile of glass plates 
inclined in a horizontal or vertical direction, we discover on 
each side of the central group another group of fringes, 
which is the more distant as the crystallized plate is thicker. 
If we replace the pile of plates by a rhomb of calcareous 
spar, whose principal section is divided horizontally or 
vertically, we shall see in each of the two images the two 
systems of additional fringes which the interposition of the 
pile of plates has caused to appear, and these two images 
are complementary to one another. 

“ In this experiment the rays which have experienced the 
refractions of opposite names cannot influence each other, 
because, in emerging from the same plate in the case we are 
now considering, they are found polarized in rectangular 
directions ; consequently the groups to the right and the 
left cannot exist, at least while we have not re-established 
the mutual influence of those rays by bringing them to a 
common plane of polarization ; this is what is effected by 
the interposition of the pile of plates or of the rhomb. The 
fringes thus produced are the more distinct, as the two pen- 
cils of contrary names which concur in their formation are 
more equal in intensity ; and this is the reason why the 
direction of the principal section of the rhomb, which makes 
an angle of 45° with the axis of the plate, is the most 
favourable to the appearance of the fringes. When the 
principal section of the rhomb is parallel or perpendicular to 
that of the plate, the rays refracted ordinarily by the plate 
pass entirely into one image, instead of being divided be- 
tween the two, and all the extraordinary rays pass into the 
other image, so that there can be no more interference be- 
tween them ; and the additional groups of fringes disap- 
pear, each image presenting only the fringes which resulted 
from the interference of the rays of the same name, — that 
is to say, those which compose the central group.” 

Sect XX . — On the Peoduction op Double Repeac- 
TiON AND Polarization by Heat, Cold, Pressure, 
Slow and Rapid Induration, Traction, Electro- 
Magnetism, AND Laminated Structure.^ 
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heat and cold, compression and dilatation, and by slow and Polariza- 
gradual induration. The phenomena thus produced in po- 
larized light are exceedingly beautiful, and throw much light 
on the subject of double refraction. 

Art I, — On the Transient Influence of Heat and Cold. 

The influence of heat and cold may be exhibited in cylin-^ 
ders^ tubes, spheres, cubes, and rectangular plates of glass, 
all the phenomena of which were discovered by Sir David 
Brewster. 

1. Cylinders of Glass laith One Axis of Double Refraction. 

1. Negative Axis. — If we take a cylinder of glass A BCD 

(fig. 228), from half an inch to an c 

inch in diameter, or upwards, about 
half an inch or more in thickness, 
and transmit heat uniformly from its 
circumference to its centre, it will _fi 
exhibit, when placed between the 
polarizing and the analysing plate, 
and held about 8 or 10 inches from 
the eye, the system of. uniaxal rings jy 

shown in fig. 228, exactly similar to I'jg- 228 . 

those in fig. 179 ; and by turning round the analysing plate 
we shall see the complementary set, as in fig. 1 8 1 . lliese rings 
will be seen as if they were in the substance of the glass ; 
and hence, if we cover up any part of the circular surface, 
we shall cover up a corresponding part of the system of 
rings. The axis of the system, or of double refraction, is 
here fixed in the axis of the cylinder, and does not lie in 
every direction parallel to that axis, as in regularly-crystal- 
lized bodies. 

The system of rings thus produced is negative, like those 
in calcareous spar. 

As soon as the heat reaches the axis of the cylin- 
der, the rings become less bright, and they disappear en- 
tirely when the heat is uniformly distributed through the 
glass. 

2. Positive Axis. — If we heat a similar cylinder of glass 
uniformly in boiling oil or otherwise, and cool it rapidly at 
its edges by encircling its margin with a cold and good con- 
ducting material, it will exhibit a similar system, which will 
vanish when the glass is uniformly cold. This system of 
rings, however, is positive, like those of zircon ; and if it * 
is placed above the equal negative system, produced as 
already described, they will destroy each other. If the two 
systems are not equal, we sliall have a system equal to their 
difference, as in positive and negative uniaxal crystals. In 
both these systems the tint at any point varies as the square 
of the distance of that point from the axis ; so that if T is 
the tint at any distance D, the tint t corresponding to any 

TD- 

distance d, will be t=-^. If V is the velocity of the 

ordinary ray, we shall have the velocity of the extraordinary 
ray v=Y^i- ad\ 

If we transmit polarized light through the cylindrical 
surface of these cylinders, we shall observe the phenomena 
of biaxal systems exactly the same as in rectangular plates 
(fig. 240), the tints being produced by the action of the 
positive or negative axis of the cylinder acting in opposi- 
tion to an axis passing through each diameter of the cylin- 
der, drawn perpendicular to any point in the middle line of 
the cylindrical surface. 


Production The various phenomena of double refraction, and the 2. Oval Cylinders, with Two Axes of Double Refraction. 
of double system of polarized rings, may be produced either tran- 

refraction. giently or permanently in glass and other substances by If we perform the two experiments above described with 


1 See PMl Trant. 1816, pp. 46-114, 166-178 j Edin. Trans. 1816, .vol, viii., pp. 353-371. 
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Polariza- oval Cylinders, as in fig. 229, we shall have a system of rings 

tion. axes. A new axis is deve- ^ 

loped perpendicular to the axis of the 
cylinder 5 and in the case ot the heated 
cylinder, the new axis at O is a posi- ^ 
tive one, while in the cooled cylinder 
it is a nejjative one, the neutral black 
lines AD^ CB separating the two classes 
of tints, and corresponding to the dark 3 ^- 

hyperbolic branches in biaxal systems Pii?. 220 . 
of rings. The figure referred to is that shown in azimuths 
inclined 45° to the plane of primitive polarization ; but in 
the amizuths of 0 ° and 90°, the branches AD, CB resume 
the form of the rectangular cross. 

3. Cudes and Paralldopipeds of Glass with Double 
Refraction, 

Cubes of Glass , — When the shape of the glass is diat of 
a cube, as in fig. 230, the 
figure which it produces 
in amizuth 0 ° by the two 
processes of heating and 
cooling is that shown in 
the figure, the tints being 

negative or positive, ac- rig. 230, Fig. 231. 

cording as we apply heat or cold. The complementary 
system is shown in fig. 231. 

Parallelopipeds of Glass,— In a parallelopiped 0*38 of 
an inch square, and I'll long, the direct and complemen-^ 






Fig. 232, 


Fig. 233. 



or positive structure from the internal negative structure, Polariza- 
and vice versa. The breadth of the internal annulus ao is al- tion. 
ways less than Ao, that of the external one. They approach 
to equality as the bore of the cylinder widens, and the nega- 
tive structure grows very small, as shown in fig. 237, when the 
bore diminishes ; so that when the bore 
becomes infinitely small, the syatem 
becomes either wholly negative or 
positive, accordimr as heat or cold 
has been used. If when fig. 236 is 
fully developed, we cut a notch EF 
in the cylinder, we shall have a bi- 
axal system of fringes, in which tiiere 
is a positive structure between two 
negative ones, or vice versa, as shown 
in fig. 238, 

The diameter op (figs. 236 and 237) is a geometrical 
mean between the interior and exterior diameters of the 
tube, — that is, o/»=: V(AB x ah), 

0. Rectangular Plates of Glass with Planes of Double 
Refraction, 

If a well-annealed parallelopiped of glass EFDC (fig. 

239) is submitted to the processes already described, or 
even if we lay one edge of it CD on a piece of iron almost 
red hot, and place the whole between the polarizing and 





tary systems at 0° of azimuth are shown in figs. 232 and 
233. The first of these consist of a black cross surrounded 
with beautiful fringes of con- 
trary flexure, and four bright 
green spots of the third or- 
der. The coloured spots at 
the angles of fig. 233 are of 
a brilliant pink colour, with 
a spot of blue in the middle 
of each. When the azi- Tig, 234 . rig. 235 . 

muth is 45°, the direct and complementary systems change 
into figs. 234 and 235, 

4. Cylindrical Tubes of Glass with Two Axes of Double 
Refraction. 

When the cylinder has the form of a tube, as in fig. 236, 
the double refraction is singularly distributed by the appli- 



cation of heat or cold either to the outside ACBD of the 
cylinder, or to its inside acid, or to both. A black circular 
fringe mpno is the central line which separates the outside 


Fig. 239. 


analysing plates, so that if the heated edge CD is inclined 
45° to the planes of primitive polarization, and the eye can 
see the whole surface of tlie glass, a series of remarkable 
plienomena will be produced. The moment the heat enters 
the lower surface at CD fringes of brilliant colours arc 
seen above CD, and almost at the same instant, before the 
heat has readied the upper surface EF, or even the central 
line ah, similar firinges will appear at EF. Colours, at 
first faint blue, then white, yellow, orange, red, &c., of the 
first order spring up at ab, and these central coltmrs are 
separated from those at the edges by two dark lines or 
planes MN, OP, corre-sponding to the hyperbolic branches 
in biaxal crystals, the double refraction between MN and 
OP being negative in reference to a line perpendicular to 
the fringes, while it is positive without MN and OP. The 
tints thus developed are those ofNewtorfs scale. 

If T is tlie central tint in the line ab, D the distance of 
either of the lines MN, OP from ah, the tint t at any other 

distance c? will be, ^=T — a formula deduced from 

Tdf' 

the combination of two axes. The term represents the 

influence of the principal axis or axes perpendicular to the 
line ab at every point of it ; but as the axis :n the plane of 
the plate produces a uniform tint T whose maximum is 
in the line ab, where the action of the other axis disap- 
pears, and as these axes oppose each other by acting rect- 
angularly, they will compensate each other in tlie lines 
MN, OP, and the tint at any point must always be equal to 

Td^ 

tlie difference of the tints, or to T - . 

The magnitude 2D, or the distance between MN and 
OP, is a function of the breadth of the plate B, and 2D : 
B = 10: 16'C2, and D='312 B". (Edin. Tram, viii. 355.) 
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Polariza. The fringes seen through the thickness of the plates is shown 

tion. in fig. 240, 
and the one 
seen through 
the ends in 

fig, 241. ^ Pig. 240. 

If we wish to find the tints in reference to the lines MN, 
OP, let 8, 8' be the distances from 
these lines of any point whose dis- 
tance from ah is d, then we have 8 Alj B 

= 1 — t?, 8'= 1 — and 88' = 1 - that 
is, the tint at any point varies as the pro- 
duct of the distances of that point from Fig.24i. 
the planes of the resultant axes MN, OP. If we make 
V‘*+a88', an expression which gives v the velocity of 
the extraordinary ray, we shall have the extraordinary re- 
fraction in such plates. 


6. Spheres and Spheroids of Glass with Double Refraction* or Cold. 
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When equal rectangular plates of similar names , — that Polariza- 
is, both negative or both positive, — ^are crossed, the phe- 
nomenaof the intersectional fringes , they ^ may be called, 
are shown in fig. .242, where the 
isochromatic curves are hyperbolas. 

When the plates are of different 
names, the one positive and the other 
negative, and of the same breadth, 
and the same number of fringes, the 
isochromatic curves are circles, as in 
fig. 243. 

When the plates are of different 
names, and of different breadths, but 
containing the same number of fringes, Pig. 244. 

the isochromatic curves will be ellipses, as in fig. 244. 



8 


or 

Teat 


Spheres . — If we place a sphere of glass in a glass trough 
of hot oil, or otherwise heat it regularly, we shall find that 
when the heat is passing to the centre of the sphere, it will 
exhibit a positive uniaxal system of rings like that in fig. 
228, in every direction in which we transmit the polarized 
light; that is, it will have an infinite number of 
axes of double refraction. 

If a hot sphere of glass is immersed in a glass trough of 
cold oil, a similar system of rings will be produced in every 
possible direction ; but it will be negative. 

Spheroids . — If we substitute oblate scodi prolate spheroids 
in place of the sphere in these experiments, we shall find 
that they will have each a positive system of rings round 
their axis of revolution. If the polarized light is trans- 
mitted through an equatorial diameter, we shall find that 
there are two axes of double refraction, the black cross 
opening out when the axis of revolution is inclined 45® to 
the plane of primitive polarization. 

In the prolate spheroid the black cross opens out in a 
different plane. 

7 . On the Effects produced by Combining Plates of Glass 
under the transient influence of Heat and Cold. 

If we combine any two plates of the same shape, the 
resulting system of fringes will be equal to the suin of their . 
systems or effects, if the plates are of the same name, — that 
is, both positive or both negative , — or to the difference of 
their effects, if they are of different names. When the 
plates are solids or symmetrical forms, such as cylinders, 
cubes, or quadrangular plates, no essential variation of 
figure is produced by the combination; but when the 
plates are rectangular, very interesting phenomena are ex- 
hibited when plates of the same or of different names are 
crossed rectangularly. Sir David Brewster has given for- 
mulae for calculating the forms of the compound or isochro- 




Tig. 242. X’ig. 243. 

matic curves, as he calls them, but our space will only per- 
mit us to exhibit the effects to the eye. 
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If we alter the shape of any of the plates above described, 
the form of the isochromatic curve is immediately changed. 
If we cut any rectangular plate into two by a line passing 
through its middle, each of the two plates thus produced 
has the property of the whole plate, though the fringes are 
less numerous. If a plate ABCD gives the tints shown in 



JFig. 245. 

fig. 245, OP and MN being the dark neutral lines ; then 
if we cut it with a diamond at ah, so as to subdivide it 



Fig. 246. 

into two plates, as in fig. 246, each of the plates EFr^, 
GHr^ will have the same structure as ABCD, — ^viz., two 
neutral lines op, mn, and assume positive and negative 
tints. 

Art IL — On the Permanent Influence of Rapid Cooling. 

In March 1814 Sir David Brewster found that glass 
melted and suddenly cooled, as in the case of Prince Ru- 
perfs drops, possessed a permanently^ doubly-refracting 
power, and he communicated this fact in a letter to Sir 
Joseph Banks, dated April 8, 1814 (Phil. Trans. 1814), 
and without knowing that Dr Seebeck had published in 
December 1814 similar results with cubes of glass, our 
author had discovered that cubes, cylinders, plates, spheres, 
and spheroids of glass, exhibiting perinanently the pheno- . 
mena described in the preceding pages, may be formed by 
bringing them to a red 
heat, and cooling them 
rapidly and equally on 
their edges. A great va- 
riety of beautiful optical 
figures, developed in po- 
larized light, may thus 
be obtained by cooling Fig. 247. 

the glass on metallic patterns. A very simple effect of 

4q 
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Polariza- this is shown in fig. 247, where the plate of glass was cooled 
tion. by resting it at its centre on a cylinder of iron. 

Art. III. — On the Prodzwtion cf Double Refraction by 
Compression and Dilatation. 

The effects of compression and dilatation in producing 
double refraction were discovered by Sir David Brewster, 
and communicated to the Royal Society in 1815. Our 
limits will permit us only to give a slight notice of them. 

The phenomena both of compression and dilatation or 
extension may be well seen by bending, merely with the 
force of the hands, a square rod, or a long and narrow plate 
of glass, as in fig. 248. When it is held between the po- 



Eig. 248. 

larizing and analysing plate, eight or ten inches from the 
latter, with its edge AB inclined 45^ to the plane of primi- 
tive polarization, the whole thickness of the glass will be 
covered with two series of coloured fringes, like those in 
the figure separated by a dark neutral line MN, where there 
is neither compression nor dilatation. The fringes on the 
convex side are negative^ being produced by the extension 
of the glass in the direction »iA, jwB, while those on the 
concave side arp produced by the compression of the glass 
in the directions C/t, Dw. The isochromatic curves 
marked by similar figures, indicating the orders of the co- 
lours, are bent as in the figure. 

When a plate of bent glass producing fringes crosses 
another at right angles, the effect at the intersectional space 
is shown in fig. 249, where the tint is supposed only to be 
the white of the first order. 



Eig.249. Fig. 250. 


When a plate of bent glass is crossed with a plate crys- 
tallized by , heat, the fringes in the intersectional square will 
be parabolas^ as shown in fig. 250, whose vertex will be to- 
wards the convex side of the bent plate, if the principal axis 
of the other plate is positive^ but towards the concave side, 
if that axis is negative. 


Art. IV . — On the Double Refraction Produced by the 
gradual Induration and D^erence of Density in Soft 
Solids. 

The phenomena of luminous sectors, separated by a 
black cross at the central part of the uniaxal system of rings, 
which Sir David Brewster discovered round cavities in the 
diamond, in glass, and in various gums, arise from the gra- 
dual induration of the mass, combined with the elastic 
pressure of the air included in the cavities. They are 
therefore not properly cases of induration alone. 

When isinglass is dried in a circular trough, it exhibits, 
by polarized light, the uniaxal system of rings like glass in 


When it is indurated in the form of a rectangular mass, Polariza- 
by the exposure of two sides, fringes are produced parallel tion. 
to these sides, and biaxal like those in rectangular plates of 
heated glass. 

A sphere of transparent jelly or isinglass, when allowed 
to indurate gradually, will have an axis of double refraction 
in every direction, like a sphere of glass heated. In like 
manner an indurated spheroid will exhibit the biaxal struc- 
ture of a spheroid of glass. 

The most splendid examples, however, of this class of 
facts are exhibited in the lenses of fishes and animals, as 
dtiown in figs. 251 and 252. The first of these shows the 




Fig. 251. Fig. 252, 

doubly-refracting structure of the crystalline lens of a cod, 
along the axis of vision. The central and the external lu- 
minous sectors have a negative doubly-refracting structure, 
while the intermediate ones have a positive structure.^ 

The figure given by the crystalline lens of a cow is shown 
in fig. 252, where there are/owr series of luminous sectors, 
the central ones being positive (marked -p), the next nega-- 
tive (marked — ), the next positive^ and the last negative? 

Art. V. — On the Production of the Doubly-Refracting 
Structure in Crystalline Powders by Compression and 
Traction. 

In spreading out on polished or grotind glass, by compres- 
sion and traction, the crystalline powders of* chrysanmate of 
potashmH other bodies;, Sir David Brewster obtained a trans- 
parent film which exhibited the phenomena of double re- 
flection and polarization as perfectly as a large crystal. 
The film of chrysammate of magnesia^ which is a red powder 
with specks of yellow reflected light, exhibits neutral and po- 
larizing axes in the light which they transmit, and doubly- 
polarized pencils in the light which they reflect 
The same property was found in a great number of crys- 
talline powders, and in some soft solids, such as almond, 
soap, tallow, bees^-wax, bees’-wax mixed with rosin, and in 
oil of mace. For a list of the substances in which this pro- 
perty is produced, and of those in which it is not, with an 
attempt to explain the manner in which the crystalline par- 
ticles have their axes brought into parallelism, we must 
refer the reader to the original paper.® We may, however, 
observe, that the development of electrical poles in crystals 
by heat and friction, and the influence of traction in draw- 
ing prismatic crystals, and those whose length exceeds their 
breadth, into parallel positions, may act either separately or 
in combination in producing the efiects we have been con- 
sidering. 

Art. VI. — On thelr^uence of Blectro^Magnetism in Pro*- 
ducing Double Refraction^ <§*<?. 

In Professor Forbes’s PREmnxARY DissEitTATiONf on 
Mathematical and Physical Science, a brief notice has been 
given of two important discoveries, — the one by Dr Fara- 
day, the other by Professor Pliicker, — showing the infitience 
of electro-magnetism in producing double refraction, and its 
action upon the optic axes of crystals. 


^ See I*Ml. TrwM. 1816, p. 311. 


2 Ibid. 1837, p. 253. 


JSdin. Trans. 1853, vol. xx., p. 555 ; and Phil. Mag. 1863. 
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Polariza- An account of this great discovery, and of the researches 
tion. of M. Mathiessen of Altona and others, has been given in 
our article Magnetism, chap, iii., sec. 3. 

In the extensive series of experiments by M. Bertin 
on Circular Magnetic Polarization, to which we have 
done little more than allude in that article, he obtained 
many important results, of which we shall now give a brief 
notice. In these experiments M. Bertin employed both 
the electro-magnet of M. Becquerel and the apparatus of 
RuhmkoriF. Becquerefs improvement of Faraday’s apparatus 
consists in making the polarized ray pass not merely near the 
line of the poles, but through the line itself, by piercing 
the electro-magnet in that direction, which is done by 
placing perforated terminations on the two poles.^ This is 
proved by the' following experiments — 

Rotation Rotation 
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MiUimetres. 

with tlie 
Terminations. 

without tbe 
Terminations. 

Very thick flint-glass.. . 

55*6 

....21“ O'... 

4° 30' 

Faraday’s flint-glass.... 

48*3 

....25 6 ... 

6 30 

JJ 

183*0 

.... 18 20 ... 

2 30 

Distilled water 

130*0 

.... 5 30 ... 


)t i» 


.... 3 50 ... 

0 0 


This increase in the rotation is still better obtained with 
Ruhmkorff’s apparatus, in which the helices are pierced in 
the direction of their axes. By means of one of these ap- 
paratuses, 54 Idlogrammes in weight, and with 80 elements of 
Bunsen’s battery, M. Bertin was able to show the experi- 
ment at a public lecture. 

M. Bertin made a number of experiments to determine 
the law of the thickness and of the distance both with one 
and with two poles. The following is the law of the dis- 
tance : — 

When the distances of the flint-glass from the coil in- 
crease in arithmetical ^progression, the rotations of the plane 
of polarization are in geometrical progression. 

If we call A the rotation produced by the flint-glass in 
contact with the coil, and if Ar is the rotation produced at 
the distance of one millimetre, the action of the coil y at 
any distance a?, in millimetres, will bey=Ar®. 

If each of the different sections of a substance is acted 
upon as if it were a single section, then we shall have the law 
of the thickness. If in a thicimess of e millimetres we 
consider e sections of one millimetre, and call c the rotation 
produced by each of these sections, when in contact with the 
pole; then the rotation y, produced in contact by the thick- 
ness e, will be the sum of the terms of a geometrical pro- 
gression, the first term of which is c, the course r, and the 
number of the terms e ; that is, we shall have 
1 


A = C: 


1 — r 


whence 




which represents the general action of a single pole. 

By the formula y=iAr% which gives the action of a 
single coil, we have also that of the two electro-magnetic 
coils facing each other with the poles of opposite names. 
If these two coils are at a distance d, the flint-glass of e 
thickness, placed at the distance x from the first, will be 
distant d-^e — x from the second; and as the two actions add 
to each other, the total rotation z will be 




The first term of the geometrical progression — namely, 
c — ^is called by M. Bertin the coefficient ^ magnetic polari- 
zation, and is calculated by comparing two rotations ob- 


served at short intervals upon two substances placed under Polariza- 
certain circumstances, but always between two poles at the tion. 
same distance. These coefficients for different substances 
are given in the following table : — 

Coefficient e. 

Paraday^s flint-glass 1*20 

Guinaud’s do 0*87 

MatMessen’s do. 0*83 

Common do. 0*59 

Bichloride of tin 0*77 

Sulphuret of carbon 0-74 

Proto-chloride of phosphorus 0*51 

Chloride of zinc, dissolved 0*55 

Chloride of calcium, dissolved 0*45 

Water 0*25 

Alcohol, ordinary, of 36® Reaumur 0*18 

Mther 0*15 

Art VII . — On the Influence of Electro-Magnetism on the 
Axes of Crystals. 

In repeating the experiments of Dr Faraday on dia- 
magnetism, M. Pliicker® of Bonn was led to a very beautiful 
discovery. When a crystal with one optical axis, like diop- 
tase, was suspended freely between the poles of an electro- 
magnet, the optical axis placed itself equatorially or perpen- 
dicular to the line joining the poles of the magnet. When 
a crystal with two opticsd axes, like topaz, was similarly sus- 
pended, the line bisecting the optical axes took the same 
position. These two crystals are positive ; but when the 
crystals were negative, the same lines took the axial posi- 
tion ; that is, pointed in a direction parallel to the line joining 
the poles of the magnet. “ Hence,” says Itf. Plucker, in 
a crystal which is neither transparent nor shows any trace of 
its crystalline structure, we may, by means of a magnet, find 
its optical axis or axes, and at the same time we get a new 
proof of the connection between light and magnetism,” 

These experiments were repeated and confirmed by Dr 
Faraday, under M. Pliicker’s “ own personal tuition,” with 
tourmaline, staurolite, redferro-prussiate of potash, and 
Iceland spar. M. Plucker also found that certain crystals, 

— uniaxal, like oxide of tin, and biaxal, like hyanite or blue 
disthene, — have such a degree of magnetic polarity that they 
point to the north by the magnetic power of the earth. 

In using crystals of bismuth, antimony, and arsenic, Dr 
Faraday obtained results which differed from those pro- 
duced by diamagnetic or by ordinary magnetic action, and 
also from those obtained by Plucker. They indicated a 
new force, which he calls magne-crystallic, which in rela- 
tion to the magnetic field is axial, and not equatorial like 
that of Plucker. It does not manifest itself by attraction or 
repulsion, but gives position only. The line of force tends 
to place itself parallel or at a tangent to, the magnetic curve, 
or line of magnetic force passing through the place where 
the crystal is situated.^ 

Results differing from those of Plucker were subsequently 
obtained by Professor Tyndall and M. Knoblauch. Out of 
eleven crystals of Iceland spar, five obeyed the law of 
Plucker, and six contradicted it. In continuing their re- 
searches, they found at the conclusion *^that the attraction 
or repulsion of the optical axes is a secondary result, de* 
pending first of all upon the magnetism or diamagnetism, 
of die substance ; and secondly, upon the manner in which 
either force is modified by the peculiar structure of the 
crystals,” “ The conducting power,” they add, “ so^ to 
speak, of Iceland spar for both magnetism and diamagnetism^ 
appears to be in directions perpendicular to the lines of 
cleavage. M. Plucker has, in a subsequent paper,® admitted 
the correctness of these views, and says that some of them 
had been previously published by himself. 


^ Ann, de Ohim., &c. 3d series, vol. xvii., p, 437. 

2 The numbers given by M. Bertin are the produced in the plane of p(Jiarization. o-, , . 

® See Fhil, Mag., June 1849, vol. xxxiv., p. 450. ^ Phil. Trane. 1849, p. l/&c. ® Phil. Mag., June 1851, vol, i,, p. 447.' 
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Polariza- Art, VIIL — On the Polarization produced by Laminated 
tion- Structure^ or Lamellar Polarization. 

We have already seen that in certain imperfect crystals 
of nitre there is a laminated structure, in virtue of which the 
incident light is polarized as if by a pile or bundle of plates, 
and after passing through the crystal, the emergent light is 
analysed by other laminae lying in an opposite plane, and 
exhibits the biaxal system of rays produced by that salt. 
The same polarization is produced by films of mica and 
decomposed glass ; and this is true lamellar polarization, 

M. Biot has given the same name to a supposed struc* 
ture which produces numerous remarkable phenomena of 
polarization, which in 1816 Sir David Brew’ster observed 
in alum^ muriate of soda^fluor spar ^ horacite^ leucite^ anal- 
cime and opophyllite} By a mode of rendering visible 
feeble polarized tints which Sir David Brewster had used in 
studying these phenomena,® M. Biot examined the light 
polarized by crystals of alum, and concluded that they were 
formed by successive laminae superposed upon one another 
like a pile of plates, the laminae being parallel to the faces 
of the octahedron. The polarized tints were exhibited in 
alum containing ammonia^ but were not visible in alum 
entirely free of ammonia. 

M. Biot conceives that the polarization thus produced 
diifers from that of a pile of glass plates (or of certain 
crystals of nitre, or of decomposed glass) in this respect, 
that the polarization of the glass plate is not chromatic, 
whereas in alum it increases or diminishes the tints of sul- 
phate of lime. The difference," he says, depends on this, 
that each fuseau octaedrique carries away from the primi- 
tive polarization a group of luminous elements associated 
according to certain conditions of refrangibility, impresses 
upon them generally a direction of polarization different 
from that of the artificial pile, and communicates lo this 
group, as well as to the complementary group, certain persist- 
ent dispositions, in virtue of which they ulteriorly polarize 
themselves in the thin plates endowed with double refrac- 
tion, as if they had traversed a plate of definite power." By 
supposing apophylUte to consist of laminae perpendicular 
to an axis of double refraction, and also of laminae parallel 
to the four faces of its pyramidal summit, M. Biot tries to 
explain the beautiful symmetrical figure which Sir David 
Brewster discovered in this mineral,^ but he has not suc- 
ceeded ; and we are convinced that there is no such pro- 
perty of light as its lamellar polarization essentially different 
from the polarization of plates, and that of molecular 
polarization.* 

The Abbe Moigno having taken the same view^ of the 
subject, says, — ‘‘ Must we really conclude from this long 
study of M. Biot,® that the superposition of laminae, or, as 
M. Biot calls it, the lamellar tissue, exerts a proper action 
sui generis^ a new kind of special polarization? We say, 
frankly, that we do not think so. It is our profound con- 
viction that the true cause of these anomalies is connected 
with the phenomena of imbibition, of temper, &c. ; with the 
crossing of different crystallographic structures, truncations, 
&c. ; and with assemblages in mosaic of crystals placed in 
varied positions, and arranged in a very complex, though 
very symmetrical order.” ® 

In support of these views we may refer the reader to 
the complex structure of Jluor spar, one of the regular 
octahedral crystals like alum, as discovered by Sir David 
Brewster by the reflection of a small pencil of light from 


its disintegrated surfaces, and represented in. figs. 271, 272, Circular 
of this article.^ Polariza- 

tion. 

Art. IX. — On the Polarization produced by the Eye, 

M. Haidinger of Vienna, among the many important 
discoveries wdiich he has made, observed the remarkable 
fact, that the human eye has, in its whole structure, or in 
the structure of some of its parts, the property of polariz- 
ing light to such a degree as to enable us to determine by 
it alone the direction of the plane of polarization. 

When we look carefully at light polarized by reflection 
or refraction, by double refraction, or by the blue sky at 
a point about 90® from the sun, where the polarization 
is greatest, we shall perceive along the axis of the eye 
two sectors or brushes (Jiouppes, aigrettes) of yellow light, 
acconapanied with other two sectors of a bluish light, the 
first two , forming as it were ikie first and third quadrants of 
a circle, and the other tw^o the second and fourth. The 
yelloio sectors lie in the plane of polarization, and the bluish 
ones in a plane perpendicular to it. They are so very faint 
that many persons cannot see them. The sectors are seen 
by eyes deprived of the crystalline lens. Sir David 
Brewster found that they subtended an angle of 4® or 4^®, 
almost exactly the same as that of xho foramen centrale in 
the retina with a yellow njargin. 

Two explanations have been given of this phenomenon. 

In the one, the coloured sectors are supposed to be pro- 
duced by thin depolarizing films, which give a yellow tint 
which is subsequently analysed by a polarizing laminated 
structure within the eye ; and in the other, which is that 
of Jamin,® the yellow light is supposed to be the colour of 
light polarized by refraction, and the blue to be the re- 
sult merely of contrast. He considers the cornea alone as 
capable of producing the sectors. 

In referring the reader for further information to the 
works quoted below, we may mention that the thin films 
which traverse the vitreous humours in all directions, and 
inclose the fluid in separate compartments, may be a 
polarizing agent in the production of the coloured sectors.® 


Chap. Il.—OISr CIRCULAR P0LARI2IATI0N. 

Sect /.—On the Circular Polarization in Rock- 
Crystal ANi> Amethyst. 

The general phenomena of circular polarization were dis- Circular 
covered by M. Arago in 1811. He found that in plates of polariza- 
rock-crystal the colours polarized along its axis were dif- 
ferent from those which he had studied in plates of other 
crystallized bodies. When they were analysed by a prism ^ * 
of Iceland spar, he found that the two images had comple- 
mentary colours in the ordinary tints, but, what was re- 
markable, they descended in Newton's scale as the prism 
revolved, so that if the tint of the extraordinary image was 
red, it became in succession orange, yellow, green, and 
blue. Hence he concluded that the differently-coloured 
rays had been polarized in different planes in passing along 
the axis of the rock-crystal. 

M. Biot took up the subject at this point, and investi- 
gated it with his usual ingenuity and success. He found 
that while in some crystals of quartz the tints descended in 
the scale of colours, by turning the analysing prism from 


^ See sect, xiv. of the present chapter. ^ See JSdin, Tram. 1816, p. 159. 

® See Edin. Tram, 1822, vol. p. 270, where a large coloured drawing is given of this phenomenon, of which fig. 222 is an abridge- 
ment. ^ See Brewster’s Treatise on Optics, chaps, xxziii. and xzxix. ^ Mem. Instit. to.n. xviii., pp* 539-727. 

® Repertoire TOptique, &c., tom. i., p. 371, ^ Edin. Tram. 1837, vol. xiv., pp. 164-176 ; or Phil. Mag., .Ian, 1863, p. 16, 

Comptes Rendus, &c., tom, xxvi., p, 197* ^ 

® See Moigno' B Repertoire, tom. iv.,'pp. 1327-1366; Phil Trans, 1815, p. 151, props, xxiv. and xxv.; Reports ofikt British Association, 
1840 p, 6 ; and Brewster’s Optics, chap, xzvll. ' 
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Circular right to left^ - in others they descended in the scale by 
Polariza- turning the prism from left to right. The one he called 
^ ti o iu ^ left-handed quartz, and the other right-handed quartz. He 
took a plate of quartz, for example, Tj^g-th of an inch thick, 
and having polarized the homogeneous colours of the spec- 
trum, he transmitted them in succession along the axis of 
this plate, and obtaineii the following results: — When the 
analysing plate was in 0° of azimuth, the red light polarized 
by the plate was a maximum. When the analysing plate 
was turned from right to left, the red tint gradually dimi- 
nished, and after a rotation of 17-^°, it wholly vanished. 
With a plate of of an inch thick, the red tint did not 
vanish till after a rotation of 35'^ ; and so on, every addi- 
tional 25th of an inch of rock-crystal requiring an additional 
rotation of 1 7-^° to make the tint vanish. A whole inch of 
quartz, for example, would require 25 x 17^-° = 437^°, or one 
whole turn, and 77^*^ more, to cause the red tint to vanish. 
It is obvious that twenty-five plates of quartz, -^th of an 
inch thick, would produce the same effect as 1 inch of it. 

* When right-handed plates, however, are combined with 

left-handed ones, the rotation produced is equal to the dif- 
ference of their actions ; thus a plate of left-handed quartz 
a^g-th of an inch, combined with a plate -^ths of an inch, 
would produce a rotation of only 17^°. The following 
table contains the rotations produced upon the other co- 
loured rays of the spectrum, as given by M. Biot : — 


Names of the ray. 

Extreme red 

Limit of red and orange 

Limit of orange and yellow. 
Limit of yellow and green. 
Limit of green and blue.... 
Limit of blue and indigo... 
Limit of indigo and violet. 
Extreme violet 


Arc of rotation for l*25th 
of an inch in quartz. 

17°-4964 

20*4798 

22*3138 

25*6752 

30*0460 

34*5717 

37*6829 

44*0827 


M. Biot conceived that this property of quartz belonged 
to its ultimate molecules, but Sir David Brewster proved 
that this was not the case, by showing that heat deprived 
quartz of the property of circular polarization ; and Sir John 
Herschel’s beautiful discovery, that it was connected with 
the crystallization of the mineral, put this result beyotd a 
doubt. He found that those crystals in which the plagihe- 
dral faces described by Haiiy, went round the crystal from 
right to left, exhibited the optical properties of left-handed 
crystals, and these crystals in which the plagihedral faces 
leant round the crystals from left to right had the properties 
of right-handed crystals. Hence he concluded that what- 
ever be the cause which determined the direction of rotation, 
the same law acted in determining the direction of the pla- 
gihedral faces, . 

When Sir David Brewster discovered the system of rings 
in quartz, he found the 
tints of circular polari- 
zation occupy, as might 
have been expected, the 
inner circle of the rings, 
as shown in fig. 253, 
only small portions of 
the black cross being 
visible ; but these black 
portions were larger 
as the plate became 
thinner. 

Singular In examining the 
properties structure and properties 
ofarne- amethyst. Sir 

David Brewster found fig. 253 . 

that this singular mineral was actually composed of the two 
different kinds of quartz, viz., the right-handed and the 
left-handed. These two kinds of quartz are arranged in 
veins, as ' represented in figs. 254 and 255. • In fig. 254 the 



shaded veins which correspond to each alternate face of the Circular 
pyramid turn the planes of polarization from right to left,^ Polariza- 



Piff.SSA mg, 255 . 

while all the rest of the crystal turns the same planes from 
left to right ; and what is very interesting, the black lines 
where these two structures unite have no action whatever 
on the planes of polarization. In some specimens these 
opposite veins are so very minute that they destroy each 
other’s action upon the polarized ray, and when this hap- 
pens the single system of rings appears with its black cross, 
and entirely free of any of the tints of circular polarization. 

The colouring matter of the amethyst is arranged in a very 
singular manner in relation to these veins ; and the frac- 
ture across the veins exhibits a beautiful, and sometimes a 
regular rippled structure, resembling the engine-turning of 
a watch, and affords an infallible mineralogical character of 
the amethyst, whether its colour is yellow, orange, olive, 
green, blue, or perfectly colourless. 

The general structure of well-crystallized amethysts is 
shown in fig. 255, which is of the natural size, and is taken 
from one of the finest specimens that Sir David Brewster 
met with. On the three alternate sides of the prism,” 
says he, “ viz., MN, OP, and QR, are placed sectors McN, 

Oc^P, Q<zR, which are divided into two parts by dark 
lines cc, dd, aa, which separate the direct structures of 

A, C, and E from the retrograde structures of B, D, and F. 

On the other three alternate faces of the prisms are placed 
the three veined sectors M(?5aR, UlcbdO, and '?dha(^, which 
meet at b in angles of 120% and consist of veins of opposite 
structure, alternating with each other, and so minute that 
in many places the circular tints are almost wholly extin- 
guished by their mutual action. The direct sectors A, C, 
and E, are all connected together by the three radial veins 
ba, be, hd, and are therefore to be considered as the ex- 
panded terminations of these veins. The retrograde sectors 

B, D, and F are expansions of the first retrograde veins 
next to dhc, dha, and ahe, and the lines cc, dd, and aa are 
continuations of the dark or neutral lines which separate 
the first retrograde vein from the direct radial veins. 

‘‘ All the sectors A, B, C, D, E, and F, are of a yellow- 
uh-brown colour, and all the rest of the crystal is of a pale 
lilac colour, the lilac tints being arranged in the manner 
previously described. The phenomena which I have now 
mentioned as existing in this specimen are very common in 
the amethyst ; and I have never yet found a specimen in 
which the yellow tints were not confined to those portions 
which formed the expanded terminations of veins ; a fact 
which indicates that this would have been the colour of the 
crystal, whether its action were direct or retrograde, and 
that the lilac colour affects in general those portions which 
are composed of opposite veins.”. 

The subject of circular polarization received great acces- Fresnel’s 
sions from the genius of M. Fresnel. He conceived that discoveries, 
a ray passing al jng the axis of quartz should be refracted 
in two pencils, anJ he ascertained this to be the case by 
the following experiment: — He took a prism ACB (fig. 

256), of right-handed quartz, having its faces AC, BC 
equally inclined to its axis AB, so that a ray PV should 
be incident at angles of 75° on either face. As a ray, 
however, refracted at R would not emerge at all from the 



678 


OPT 


Circular other side CB, he took another similar prism, but from a 
Polariza- crystal of left-handed quartz, and having cut it into two 
V j halves, he placed these two halves ACD, BCE, as in the 


prisms. Now a ray 
PQ, incident per- 
pendicularly at Q, 
should pass straight 
on without deviation, 
or double refraction, 


a 

[> c . 


Q 


T T 




I 




Fig. 256. 


if quartz were like other uniaxal crystals. But if the pen- 
cil PQ suffer any double refraction at Q, this double re- 
fraction will be doubled at R, because ABC has an oppo- 
site kind of double refraction. The same effect takes place 
at C, so that the ray PQ at its emergence at T, ought to 
have a very sensible double refraction, even if that at Q 
was very small. Now M. Fresnel found that this double 
refraction actually existed, but upon examining the image 
he found that they had suffered a new kind of double re- 
fraction^ and acquired new properties. In place of their 
being polarized in opposite planes, like other doubly-re- 
fracted pencils, which, when examined with a doubly-re- 
fracting prism, give two unequal images, alternating in 
brightness during the revolution of the spar prism, they 
exhibit the following properties: — 

1 . Either of the quartz rays, when examined with a spar 
prism, gave two images of equal intensity in every position 
of the prism. Hence they resemble unpolarized light, as if 
they consisted of two rectangularly polarized rays. 

2 . They differ from unpolarized light in having the fol- 
lowing remarkable and characteristic property. If either 
of them be incident at right angles, as shown at HP (fig. 
257), upon the face AB of a parallel- 
epiped of crown-glass, having its refract- 
ing index 1'51, and its angles ABC and 
ADC, 54;^®, it will suffer two total reflec- 
tions at Q and S, emerging perpendi- 
cularly from the surface DC in the di- 
rection ST. Now this ray ST is found 
to be completely polarized in a plane 
inclined 45® to the plane of its reflec- 
tions, whatever may be the position of 
that plane. If the other ray is incident^ 
at rp, and is reflected at 9 ^ and so as to 
emerge in the direction st, the one ray 
ST will be polarized in a plane 45® 10 
the rights and the other st 45® to the left of the plane of 
reflection. Plence they emerge when superimposed in a 
state of common light. The two rays RP, rp are said to 
be circularly polarized. 

3. If a ray thus circularly polarized is transmitted through 
a thin crystallized plate, and parallel to its axis, it is divided 
by double refraction into two rays of complementary tints, 
thus showing a decided difference from a ray of common 
light ; and these complementary colours always differ from 
those that are produced from light polarized and analysed 
in the usual way, by an exact quarter of a tint either in de- 
fect or in excess. 

4. A circularly polarized ray transmitted again along the 
axis of rock crystal, and subsequently analysed, produces, 
like common light, no colours, and differs in this respect 
from polarized light. 

As two circularly polarized rays RP, rp^ emerge from 
FresneVs rhomb (as the parallelepiped of glass A BCD, fig. 

. 257, has been called), in rays, ST, st^ polarized +45° to the 
plane of reflection, it occurred to Fresnel, and he found it 
to be so, that a ray TS polarized 45® to the plane of reflec- 
tion in the rhomb would emerge in the direction PR, as 



Fig. 257 
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a circularly polarized ray, possessing all the properties of Circular 
one of the rays formed along the axis of quartz. Polariza- 

In an extensive series of experiments, of which we shall 
give some account in the following chapter, Sir David 
Brewster had occasion to examine some of the kindred Later^ 
phenomena of circular polarization. His first experiments 
011 this subject preceded those of Fresnel. He found 
total reflection produced polarized tints analogous to those 
of crystallized laminae, and he supposed that these colours 
were produced by the interference of two portions of light, 
the one partially reflected in the first instance, and the other 
beginning to be refracted, and caused to return by the con- 
tinued operation of the same power.^ In continuing his 
experiments, he found that the colours produced by total 
reflection did not rise in the scale by successive reflections ; 
and at the end of 1816 he announced in the Journal of the 
Royal Institution^ that he had discovered a new species 
of moveable polarization, in which the complementary tints 
never rise above the white (the bluish white) of the first 
order, by the successive application of the polarizing influ- 
ence ” &c. He determined experimentally the angles at 
which this tint was successively produced and destroyed, 
and thus discovered some of the leading properties of total 
reflection. It was Fresnel, however, that discovered this 
new species of polarization to be circular, and made those 
other splendid discoveries which we have just detailed. 

We owe to Sir David Brewster, however, the discovery of 
the inversion of the spectrum in the phenomena of total 
reflection, of which we shall give some account in the next 
chapter. 

In giving the name of circular polarization to that which 
is impressed on the two rays along the axis of quartz, M. 

Fresnel was guided by theoretical considerations. Mr Airy Discovery 
has, however, taken a different view of the condition of the 
light forming these two rays in quartz, and has been led to 
results of very high interest. The following are the expe- 
riments, which we shall give in his own words, on which he 
founded his deductions. They were made with a Fresiiefs 
rhomb, fitted up as in the annexed figure, where the rhomb 
is shown at rr. 

‘M. If Fresnefs rhomb, mounted as in fig. 258, be placed 
to receive tlie polarized light, so that the plane of reflection 
passes through the divisions 45“ and 225®, the calc spur will 



present another appearance (fig. 259). The rings are ab- 
ruptly and absolutely dislocated ; tho.se in tiic up(»er right 
hand quadrant and the quadrant opposite to it are pushed 
from the centre by one-fourth of an interval, and tho.se in 
the other quadrants are drawn nearer to the centre by the 
same quantity. The line separating the quadrants is nowhere 
black ; the intensity of its light is nnifbnn, and about etjuul 
to the mean intensity. If the plane of incidence pass through 
135® and 315®, the phenomena of adjacent quadrants are 


1 See Ohbomatics, § xr., vol. vi., p. 657 : and nu. 1830, p. 310. 


- Vol. iii., p, 213. 
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Fig. 260. 


exactly interchanged. No alteration is made by turning 
the analysing plate round the incident ray ; the lines divid- 
ing the quadrants are always parallel and perpendicular to 
the plane of reflection at the analysing plate. 

2. If the plane of reflection in the rhomb pass through 
0® and 180°, or through 90® and 
270°, the phenomena are precisely 
the same, and undergo the same 
changes as those in ordinary rings. / 

If while the plates are crossed, the \ 
rhomb be turned gradually from 
the position 0® towards 45®, the 
rings are gradually changed, at first 
becoming (as far as the eye can 
judge) elliptical, and tlien assum- 
ing the form represented in fig. 

260. 

“ 3. If a plate of quartz, whether right or left handed, 
be interposed between the crossed plates, a set of rings is 
seen like those in fig. 253. As far as the eye can judge, 
the rings are exactly circular, but there is no black cross, 
and the central tint is not black, but removed from it by 
a number of tints in Newton’s scale proportional to the 
thickness of the quartz. Thus with a thickness of 0*48 inch, 
the central tint is pale pink ; with a thickness 0*38 inch, the 
central tint is bright yellowish-green ; with thickness 0*26 
inch, it is a rich red plum colour; with thickness 0*17 inch, 
it is a rich yellow. 

** The colours then appear to be nearly the same, begin- 
ning from the centre, as in Newton’s scale, beginning with 
the tint representing this central tint. At a considerable 
distance from the centre four dark brushes begin to be 
visible in the same direction as the arras of the black cross 
in calc spar. 

“ 4. Now (supposing the crystal right-handed), if the plate 
of quartz be thin, and the analysing plate be t urned, the 
upper part towards the observer’s left 
hand, a bluish short-armed cross ap- 
pears in the centre, which, on turning 
further, becomes yellow, and the rings 
are enlarged. On turning still fur-i 
ther, the cross breaks Jnto four dots. I 
The rings are no longer circular, but * 
of a form intermediate between 
circle and a square, their diagonals 
(as well as the cross) being inclined 
to the left of the parallel, and perpendicular to the plane 
of reflection (see fig. 261). If the analysing plate be 
turned the other way, there is no cross ; the form of the 
rings is changed from circular nearly as in the former 



Fig. 261. 


case. 

‘‘ 5. If the plate of quartz be thick, the dilatation of 
the rings, and the change of form, are all the perceptible 
phenomena ; and on turning the analysing plate continually 
to the left, the rings continually dilate, and new spots start 
up continually in the centre and become rings. If the crystal 
be left-handed, the remarks in this and the last article apply 
equally well supposing the analysing plate turned in the 
opposite direction. 

“ 6. If Fresnel’s rhomb be placed in the position 45°, and 
the light thus circularly polarized pass through the quartz, 
on applying the analysing plate instead of rings, there are 
seen two spirals naturally inwrapping each other, as in fig. 
262. If the rhomb be placed in position 135°, the figure 
is turned through a quadrant. If the quartz be left-handed, 
the spirals are turned in the opposite direction. The cen- 
tral tint appears to be white. With the rhomb which I 
have commonly used (which is of plate-glass, but with the 
angles given by Fresnel for crown-glass), there is at the 
centre an extremely dilute tint of pink, I think it likely 
that this arises from the cross in the angles, as the inten- 


sity of the colours have no proportion to that in other 
parts of the spirals. 

The figure was 
drawn from the 

appearances given j. 

by a plate of quartz ' '' ' ' ' 'I 

0*26 inch thick. 

“ 7. If two plates /;!' 


of quartz of equal 
hickn 



thickness, but cut, | 

one from a right- 'r 

handed, and the 
other from a left- 
handed crystal, be 
attached together, 
and put between 
the polarising and 
analysing plates, 
the left-handed slice nearest to the polarizing plate, the 
appearance presented is that of fig. 263. Four spirals (pro- 


Fig. 262. 



Fig. 263. 


ceeding from a black cross in the centre, which is inclined 
to the plane of reflection) cut a series of circles at every 
quadrant. The points of intersection are in the plane of 
reflection, and perpendicular to it. This is the simplest 
way of describing the form ; but if we followed the colours 
which graduate most gently, we should say that the form 
of each is alternately a spiral and circular arc, quadrant 
after quadrant. 

‘‘ At a distance from the centre, the black brushes are 
seen. If the combination be turned, so that the right- 
handed slice is nearest to the polarizing plate, the spirals are 
turned in the opposite direction. This is one of the most 
beautiful phenomena of optics. The slices from whose ap- 
pearance the figure was drawn, are each 0*16 inch thick,” 

When the temperature of the two plates of quartz is 
greatly increased, the system of rings suffers certain changes 
which have not yet been carefully examined. 

The rotatory force of quartz was found by M. Dubrun- 
faut to be increased 1° 50' by an additional temperature of 
70° centigrade. With a spirit-lamp he succeeded in rais- 
ing it 12°. 

The preceding phenomena are described as they appear 
when examined with an analysing plate of unsilvered glass. 
The following are the theoretical views which Mr Airy 
considers as consonant with these experiments. They had 
been originally suggested to him by the desire of finding 
some connecting link between the peculiar double refrac- 
tion in quartz, and the common double refraction ; — 

“1.1 suppose the ordinary rays to consist of light ellip- 


Cipcttlar 

Polariza- 

tlon. 
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Circidar tically polarized, the greater axis of the ellipse being per- 
Polariza- pendicular to the principal plane ; and the extraordinary 
rays to consist of light elliptically polarized, the greater 
axis of the ellipse being in the principal plane. 

“ 2. I suppose that when the ordinary ray is right-ellip- 
tically polarized, the extraordinary ray is left-elliptically 
polarized, and vice versd, 

“ 3. I suppose that the proportions of the axes of the 
two ellipses are the same, each proportion being one of 
equality when the direction of the ray coincides with the 
axis, and becoming more unequal, according to some un- 
known law, as the direction is more inclined to the axis ; 
the minor axes of the ellipses having sensible magnitudes 
when the rays are inclined 10° to the axis. 

4. 1 suppose that the course of the rays after refraction 
can be determined by the construction given by Huygens 
for calc spar, with this difference only, that the prolate 
spheroid for determining the course of the extraordinary ray 
must not be supposed to touch the sphere for determining 
the course of the ordinary ray, but must be entirely con- 
tained within it.’* 

In a supplement to his investigations, Mr Airy remarks, 
that he has not yet ascertained the law which connects the 
ellipticity of the rays with the angle that they make with 
the axis. He considers, however, the following points as 
made out : — 

“ One of the rays is certainly right-handed elliptical, and 
the other certainly left-handed elliptical. The major axis 
of one is certainly perpendicular to the principal plane of 
the crystal, and the major axis of the other is certainly in 
that plane. Mr Airy remarks, that in some trials for mea- 
suring the ellipticities of the rays, he seems to have arrived 
at the conclusion, that the proportion of the axes of the or- 
dinary ray is more nearly one of equality than the propor- 
tion of the axes of the extraordinary ray.” 

Professor This subject has subsequently been investigated by Pro- 

Maccul- fessor Maccullagh, whose object was to pave the way for a 
mechanical theory, by showing that all the phenomena may 
be grouped together by means of a simple geometrical hy- 
pothesis. Setting out from this hypothesis,' he arrives im- 
mediately at all the known laws, and obtains at the same 
time a law that was previously unknown, and which is tech- 
nically called the law of ellipticity. By this law Professor 
Maccullagh has been able to compute the ellipticities ob- 
served by Mr Airy in rays inclined to the axis of quartz, 
from the angles of rotation observed by M. Biot in rays 
parallel to that axis.^ 

M. Jainin. In order to explain the phenomena of quartz, it was 
necessary to determine the ratio of the axes in each of the 
ellipses of the two refracted rays at different inclinations to 
the axes, and also the difference of the velocities of the two 
rays. This has been done by M. Jamin in an interesting 
memoir.® The following are the ratios of the axes 


Inclination to 

Ratio of 

Inclination to 

Ratio of 

the Axis. 

the Axes. 

the Axis. 

the Axes. 

1® 

1-000 

16028' 

0-125 

2 

0-939 

19 42 

0-087 

517' 


24 30 

0-052 

9 15 

0*309 




The following results express in a fraction of the length 
of an undulation the difference of velocity of the two ellip- 
tical rays in a plate of quartz cut perpendicular to the axis, 
and the 26th of an inch thick. 


Inclination to Differen ce of 

the Axis. Velocity. 

' o" oa2o 

6 26' 0135 

11 0 0-273 

16 33 0-490 


Inclination to 
the Axis. 
20 ^ 27 ' .... 
25 17 .... 
30 26 .... 
35 3 .... 


Difference of 
Velocity. 

0-219 

1-231 

1-774 

2-287 


Having obtained these measures, M. Jamin requested M. Circular 
Cauchy to apply to them his general theory of double re- Polariza- 
fraction. Without knowing the experimental results, this 
distinguished mathematician, whose recent loss science is 
now deploring, solved the problem; and M. Jamin, by a 
few hours* calculation, ascertained that the theory repro- 
duced the facts with such marvellous exactness, that it was 
not necessary either to modify the fornaulae, or to endea- 
vour by new experiments to make them coincide with the 
theory. 

Circular polarization has been discovered by Sir David 
Brewster in plates of glass possessing the doubly-refracting 
structure. M. Dove of Berlin has found it also in com- 
pressed glass.® 

Sect JJ.— 'On the Cieculae Polarization of Fluids. 

Although this remarkable property was discovered in Circular 
some fluids by M. Seebeck by independent observation, yet polariza- 
M. Biot had anticipated him in it, and has made this sub- 
ject so completely his own, by a series of tlie most elaborate 
and beautiful researches, that if he had done nothing else 
forscience, they would have ensured him a high reputation. 

We regret extremely that our limits will not permit us to 
give anything like a full and satisfactory account of his 
discoveries, particularly those contained in his valuable 
paper of 1832. We must therefore refer the reader to his 
original memoirs, and give in as abridged a form as possible 
his leading results. 

M. Biot discovered that some fluids turn the planes ot 
a polarized ray from right to left, and others from left to 
right. He found also that the tints rose in the scale, as in 
quartz, by an increase in the thickness of the fluid. The 
following table contains some of his results : — 


L Fluids that tiirn the Plane of Polarization from Left 
to Right. 


Fluids. 

Oil of fennel seeds 

„ caraway seeds,, . 

,, lavender 

.. rosomarv 

Colours. 

...Palish-green 

....Colourless 

....Greenish 

Are.s of rotation wjtU 
the red rays, with 
a thickness of 200 
injlllmotros. 

26®’32 

131-58 

4-04 

. . 6 ‘riS 


marjoram ........ 

....Orange-yellow..,. 

23-68 

w 

sassafras 

...Vellow 

7-06 

11 

savine 

...Yellow 

14 -12 

11 

bitter oranges... 

...Greenish-yellow .. 

157 -89 

it 

bergamot 

...Colourless 

38 -16 

It 

lemons 

...Colourless 

110 -53 

Noroli, common 

...Yellow of oil of oranges. 

It 

fine 

...Orange-yellow 


It 

superfine ....... 

...Reddish 

ths of com. ncroli. 


IL Fluids that turn the Plane of Polarization from Right 
to Left. 


Essential oil of turpentine..Greeni8h 


Naphtha 

......Greenish 

15 -oi 

Oil of anise seeds 



„ mint 



„ rhue 




Oil of mustard and oil of hitter almonds exercise no ac" 
tion upon polarized light. 

M. Biot found that in a solution of natural camphor in Camnhor 
alcohol, in which there was 0*371 17 of camjihor in weight > 
to 1 of the solution, and its density 0*87221, the rotation 
for red light, and a thickness of 152 millimetres was 17°-o6 
from Ift to right. A solution ot artificial camphor in 
alcohol, on the other hand, with 0*0917 of camphor to 1 
of the solution, and having its density 0*84o5, and in a 
thickness of 1357 millimetres, produced only a rotation of 


Report of the British Association for 1836, p. 18. 
a tom. xsx., p. 99; and Moigno, Stptrtoire, &c., tom. iv., pp. 1502-1610 

This memoir has been translated and published in Taylor’s Scientific Uemcin, voL i., piirt i., p. 75, 
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Circular 24°, but in the opposite direction, from right to left. In 
Polariza- gum from Senegal, of which 47*4 parts was dissolved in 
99*1 of distilled water, there was a rotation from right to 
left of 12° 13' 20", with a thickness of 152 millimetres. 

The following table contains the results which our author 
obtained from different kinds of sugar ; — 


681 


From Left to Eight. 


Proportion of sugar 
in 1 of the solution. 


.Arc of rotation of red 
Density, light in a thickness 


Molecular 
power of 
rotation. 


Sugar of canes, syrup 

of 

Ditto ditto 

|o-25 

1*1052 

23° 

28' 

45"! 


0*50 

1*2311 

52 

7 

30 f 

83° 94 

Ditto ditto 

0*65 

1*3114 

70 

11 

15 J 


Sugar of milk 

-.0*14 

1*0537 

10 

21 

40 

70*18 

„ starch...* 

..0*65 

1*2460 

48 

30 

0 

69*99 

Crystallizable prin- 1 
ciple of honey j 

0-34 

1*1329 

16 

47 

30 

43*32 

Sugar of grapes 

... 

... 




59*10 


0 ' 0 " 
38 20 
16 0 


From Eight to Left. 

The rotation being observed for the yellow rays, and the 
thickness of solution 1 52 millimetres as before. 

Sugar of grapes in syrup..... 10° 

Uncrystallizabl eprinciple of honey, alcoholic solution 3 
The same dry 11 

M. Soubeiran found that honey contains three different 
kinds of sugar, — one like common sugar ; another, which is 
liquid, and which turns the planes of polarization to the 
left ; and a third kind, which gives a rotation to the right. 

M. Biot made experiments with various vegetable juices, 
all of which give a slight rotation from right to left. 


Chasselas of Fontainhleau 


Apples for cider, . 


XhicknesB of fluid. 

Rotation 

...,160 millimetres ... 

6° 

...leo 

•• 

6*25 

...160 


5*60 

...160 


6-33 

...160 


1*81 

...160 

» •• 

8*00 

...160 

>» •• 

10*00 

3*33 

e... 80 

}» •• 

1*81 

...160 


2*5 


M. Biot also found that claret, white champagne, alcohol, 
sulphuric ether, citric acid dissolved in the proportion of 
30 to 37 of water, sulphuric acid pure and colourless, and 
olive oil, produced no effect upon polarized light. 

He found, however, that tartaric acid dissolved in the 
proportion of 53 of acid to 52 of water produced a rotation 
of from right to left. 

Dextrine. One of the most curious discoveries contained in M. 

Biot’s memoir is that of the powerful rotatory property of 
dextrine, an uncrystallizable syrup which is found in the 
farina of rice, wheat, and even of ligneous tissue.^ It differs 
from gum in producing an opposite rotation, and frona sugar 
in its superior power of rotation, which is almost triple of 
that which is exerted by sugar of canes. It surpasses all 
animal and vegetable*substances at present known, at equal 
densities and thicknesses, in turning round the pl^e of a 
polarized ray, — ^rock-crystal only being superior to it. The 
name of dextrine has been given to it in order to mark the 
direction as well as the powerful energy of its force of ro- 
tation. 

M. Biot and M. Persoz more recently found a sugar 
of starch whose power of rotation is almost equal to that 
of crystallized sugar of canes. They also discovered, 
that when sugar of canes is dissolved in water mixed with 
dilute sulphuric acid, and heated below the boiling point, it 
loses its power of turning the planes of polarization from 


left to right, like sugar of grapes not solidified. Sugar of Circular 
starch submitted to the same process did not experience PolarUa- 
this inversion. M. Biot likewise found that the coloration 
of liquids did not exercise any influence on their rotatory 
property. 

In a series of experiments on the six vegetable alkalis, 
morphine, narcotine, strychnine, brucine, quinine, and czw- 
chonine, dissolved in alcohol or ether, M. Bouchardat found 
that all of them except cinchonine had — or left-handed cir- 
cular polarization. The -h rotatory force of cinchonine was 
very great. By the intervention of an acid the rotatory force 
was modified in all of them except morphine. The in- 
fluence of acids^iipon narcotine wos enormous. Its rotatory 
force in alcohol and sulphuric ether is — 151°'4, in al- 
cohol 100°, and in chloroliydric acid it is -i-83°. The ro- 
tatory force in brucine is diminished by acids and increased 
by ammonia. 

When camphoric acid was dissolved in alcohol, and ex- 
amined in a tube of 299 millimetres, its rotation was+ 12° to 
the right. When the rotation was +38°-875, it was 
greatly diminished by saturation with an alkali, and re- 
stored by the addition of an excess of strong acid. 

Previous to these experiments tartaric acid was the only 
acid known to have a rotatory power; but its great power 
of dispersing the colours of the spectrum prevents it from 
being employed in the researches of mechanical chemistry, 
and consequently M. Bouchardat’s discovery of the rotatory 
force of camphoric acid is of great importance.^ 

The influence of heat on the rotatory force of fluids was Influence 
first observed by M. Mitscherlich in solutions of common of 
sugar. M. Dubrunfaut found that the same effect was pro- 
duced in solutions of dextrine, glucose, and the sugar of 
fruits, and that a sufficient quantity could change the direc- 
tion of polarization from left to right. The rotatory force 
of cane sugar is diminished 0*0232 by 100° of temperature 
firom 0° to 100°. Glucose, in solution, has its force dimi- 
nished 0*0462 by the same increase of heat. Dextrine also 
loses xf x^ths of its rotatory force by a rise of temperature. 

A very ingenious method of magnifying weak rotatory 
forces, such as those of vegetable juices, has been pro- 
posed by M. Botzenhart. It is founded on the law of the 
rotation of the plane of polarization by refraction, estab- 
lished by direct experiment by Sir David Brewster.® 

When a polarized ray, which has experienced from the ac- 
tion of a fluid a small rotation, is made to pass through one 
or more plates of glass, its initial or primitive rotation will 
De greatly magnified. If (p be the initial angle required, 
when a is the angle or change produced by one or more 
plates by refraction at an incidence i, and if r be the angle 
of refraction, and m the number of plates, then we shall have 

rr. ^ tan a 

Tan — y-. — r, 

cos^ m{t’--r) 

Making the index of refraction m of glass »-l*5, a -=^30', 
and a =70°, we shall have 

0=0° 56' 4" for 2 plates. 

44 46 for 4 plates. 
p=6 4 40 for 8 plates. 

If a =15' and z=70° then we shall have 
?)=0° 52' 24" for 4 plates. 

(p=3 2 50 for 8 plates. 

Sect. III . — On the Crtstallogeaphic Structure 

WHICH PRODUCES CIRCULAR POLARIZATION. 

When M. Biot discovered right and left handed quartz, 


^ Dextrine may be procured from laundry starch by hot or cold acids, by potash, or by hot water, any one of which will rupture the 
envelope and set free the dextrine. 

^ M. Bouchardat found that amygdalic acid has the same rotatory power as the tartaric. 

» Phil. Trans. 1830, p. 136, and p. 642 of this article. 
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Circular he made the first step in this inquiry j and another step was 

rolariza- ^^ade when Sir David Brewster discovered that the pro- 
perty of circular polarization did not, as M. Biot supposed, 
belong to the ultimate molecules of quartz. An addi- 
tional step was made when Sir John Herschel discovered 
the connection between the plagihedral faces of quartz and 
the direction of the rotatory force. Another step was taken 
in this inquiry when Sir David Brewster discovered t/ia^ 
amethyst was composed of right and left handed quartz^ the 
rotatory force of the one destroying the equal rotatory 
force of the oilier^ while in certain portions symmetrically 
ylaced in the crystal, each variety of quartz exercised 
separately its full power of rotation. These last portions, 
shown at A, B, C, D, E, and F, in jSg. 255, are so large in 
the specimen from which that figure was drawn, that a 
lapidary could have cut them out, and exhibited the plates 
A, C, and E as right-handed quartz, and B, D, and F as 
left-handed quartz. Nay, if there had been a proper sol- 
vent for amethyst, separate crystals of right and left handed 
quartz could have been obtained from the solution. We 
mention these facts because a sufficiently important place 
has not been assigned to them either by M. Biot or M. 
Pasteur in their reports and memoirs on the analogous pro- 
perties discovered by the latter in the tartaric and racemic 
acids, and their derivative Salts. These properties we shall 
now proceed to describe. 

The solutions of tartaric cwid, with all the tartrates, in 
water, turn the planes of polarization from left to right ; 
but the tartrate, of lime m chlorohydric acid turns these 
planes to the left. In 1844; M. Mitscherlich showed that 
the double tartrates and para-tartrates of soda and aw- 
monia have the same chemical composition, the same crys- 
talline form, with the same angles, the same specific weights, 
the same double refraction, and consequently the same in- 
clination of their optical axes. Notwithstanding this simi- 
larity, M. Biot found that the whole series of the tartrates 
turned the planes of polarization to the right, while the 
para-tartrates exercised no rotatory action whatever. 

This interesting subject has been successfully studied by 
M. Pasteur. He has found that the para-tartaric acid, which 
is exactly the same as the racemic acid, and which differs 
from the tartaric only in having an additional atom of 
water, is actually composed of two distinct acids, one of 
which, the levo-rncemic, has a rotatory force from left to 
right, and the other, the dextro-racemic, from right to 
lefV the rotatory force of both being the same. Hence 
it follows, that when these two acids are combined, as 
they are in the para-tartrate and racemates, the two op- 
posite forces compensate one another. The dextro-race- 
mic acid is thereibre identical with the common tartaric 
acid, and the dextro-racemates are nothing more than tar- 
trates. 

. In comparing the rotatory forces of these salts with tlieir 
crystalline forms, M, Pasteur has found that the tartrates 
ov dextro-racemates have plagihedral forces going from left to 
right, while ihelevo-Tacemates he.ve their plagihedral forces 
going from right to left, and the para- tartrates e^nfiracemates^ 
like amethyst, consist of the two combined. So far, then, 
the researches of M. Pasteur are analogous with those 
which determined the relations of quartz to amethyst. 

The subsequent researches of M. Pasteur, however, are 
equally interesting. When crystals are formed, according 
to the theory of Haiiy, by the aggregation of infinitely 
small solids of the same form, they must necessarily be 
sympaetrical, , Haiiy himself had recognised several excep- 
tions to this law of symmetry ; but it is to M. Weiss tliat 
we owe the generalization of these exceptions, to which he 
gave the name of hemihedraJ, In studying the physical re- 


^ 2*66 millimetres thick. 

^ See PoggendorffV 3d series, tcpi. clxi., p, 12, 1853 ; 
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lations of hemihedral crystals, M. Pasteur has divided them Circular 
into two great classes, which he calls superposable and non- Polariza- 
superposable* W'lien a crystal is hemihedral, we may, in 
certain cases, imagine another crystal identical with that 
crystal in all its parts, but which is 7tot superposable, just 
as our right hand, though identical with the left, is not 
superposable upom it- On the other hand, all regular tetra- 
hedrons, and all rhombohedrotis of the same angle, are super- 
posable hemihedral forms. The two plagihedral varieties of 
quartz, the tartrates, fhe para-tartrates ox racemates, aspara- 
gine and aspartic acid, and the combinations of glucose with 
sea-salt, are examples of non-superposable hemihedral crys- 
tals, and have all circular polarization. In the superposable 
hemihedral crystals, the rotatory polarizing power has never 
been found ; and there are only two exceptions to its exist- 
ence in the non-superposable hemihedral crystals. These 
exceptions, according to M. Pasteur, are formiate of stron- 
tian and sulphate of magnesia, both biaxal crystals, and 
both non-superposable in their hemihedral forms. 

In all the crystallizations of the formiate of strontian M. 

Pasteur found two species of crystals, the one hemihedral to 
the right, and the other hemihedral to the left, perfectly 
identical, but not superposable; and yet the solutions ot 
neitiier have circular polarization; though, when crystallized 
anew, they again yield the two species of crystals. In ex- 
planation of this unexpected result, M. Pasteur supposes 
that the hemikedrism of the formiate does not depend on 
the arrangement of atoms in the chemical molecule, but on 
the arrangement of the physical molecules in the entire 
crystal, so that the crystalline stmeture at oneb disappears 
in the solution, as that of quartz does in fusion. The 
want of circular polarization in sulphate of magnesia M. 

Pasteur supposes may be owing to its being very nmrly 
superposable, as the angle of the prism of this sulphate and 
its isomorphous bodies is between 90° and 91° ; so that the 
right rhomboidal prism is very near the prism with a square 
base, which is a superposable form, and therefore should 
have no circular polarization. 

In examining chlorate of soda and other tessular salts, j)j, 

Dr Marbacli of Breslau found that when dissolved in water bach, 
it exhibited no trace of circular polarization. Wiicn crys- 
tals, however, w'cre obtained from the solution, he found 
that they produced both left-handed and right-handed rota- 
tions. When either of these kinds was dissolved and re- 
crystallized, they produced both left-handed and right- 
handed crystals. These crystals are almost always without 
hemihedral faces, but yet they sometimes occur ; and when 
they do, tliey always possess the character of non-sur>er- 
posable hemihedrism. The following are the rotations which 
he observed in a thickness of one Paris line or 2*256 milli- 
metres : — 



notation. 

Katio to OaarU. 

Cblorato of soda 

.... 

I 

6'G 

Bromate of soda 

6‘3 .... 


Acetate of uranium and soda .. 

4‘0 \ 

1 

Bulph. antimoniate of soda^ 




M. Marbach has given the following method of making 
the crystals assume the hemihedral faces: — “Cut with 
a knife tlie angles and the edges, and then place the 
crystal, thus mutilated, into a saturated solution of the same 
salt. The crystal in its growth will form new faces, which 
present the non-superposable hemihedrism analogous to the 
direction of its circular polarization.” “ 

In chlorate of soda M. Marbach has never found a single 
exception to this jaw, tliough he has examined several hun- 
dreds of crystals. 


Campus Rendus, 1865, tom, xl, p. 7^6 ; xiiii, p. 705 j xlv., p. 705, 1857* 
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Elliptical M. Marbacli has recently found that the thermo-electric 
Polariza- properties of certain bodies are related to the hemibedrism 
tion. crystals. Sulphuret of hon and gray cobalt are 

among the number. 

The phenomena of circular polarization have already 
had many useful applications. M. Biot and M. Pasteur 
have shown, in their valuable memoirs, their application to 
crystallography and chemistry. M, Biot has pointed out 
their value in determining the state of the sap in grasses and 
growing corn at different stages of their growth ; and by 
the saccharimeter of M. Soleil we can ascertain, with the 
minutest accuracy, the quality and quantity of sugar in any 
sacchariferous solution. 


Sea. IV . — On the Circular Polarization op Heat. 

It has been shown by MM. Biot and Melloni that quartz 
exercises| upon polarized heat the same rotatory power 
which it exercises upon polarized light. In a series of very 
interesting experiments MM. Provostaye andDesains have 
shown that the essence of turpentine exercises a rotatory 
power over the heat which accompanies the extreme redray 
and the green rays of the spectrum. The following are 
some of the results which they obtained : — 


JSssmce of Turpentine ; Tube 0'05 millimetre long. 

Optic rotation of the red luminous ray 14® 0' 

Rotation of the calorific ray which accompanies it. 11 26 


Essence of Turpentine ; Tube OT millimetre long. 

Optic rotation of the extreme red ray..... 28® 0' 

Botatiou of the calorific ray which accompanies it. 23 30 

With a very concentrated solution of cane-sugar in a 
tube 0*0.5 millimetre long, they found that 


For extreme red light the rotation was 26® 0' 

For the calorific ray 22 36 


When the syrup was divided into two exactly equal 
parts, and when one of these parts was replaced in the tube, 
and the tube filled up with distilled water, the following re- 
sults were obtained : — 


For the extreme red light 12® 30' 

For the calorific ray 11 20 


Hence it follows that the laws of circular polarization are 
identical for light and heat, and that which is true for a ray 
of the luminous spectrum is true also for the calorific ray 
which accompanies it.^ 


Chap. IH,— ON ELLIPTIOAIj POLARIZATION. 

Sect. /.—On Metallic Polarization. 

Metallic The phenomena and laws of elliptical polarization, as they 
polariia- are at present known, have been investigated only by Sir 
tion. David Brewster. This species of polarization forms the 
connecting-link between plane polarization and circular 
polarisiationy passing nearly into the former when ex- 
hibited by galdCna, and into the latter when exhibited by 
silver. 

Sir David Brewster found at an early period, what Malus 
had previously observed, that the light reflected from metals 
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was polarized in difierent planes. The former, however, Elliptical 
found that the pencil polarized in the plane of reflection Eolariza- 
was always more intense than that polarized in a perpen- 
dicular" plane, and which he conceived had entered the 
metal and been partially absorbed. He found the difference 
between the intensities of these pencils to be least in silver 
and greatest in galaena, metals which had an intermediate 
effect being arranged as in the following table : — 


Order in which the Metals Polarize most Light in the Plane o 
Reflection. 


Galsena. 

Lead. . 

Gray cobalt. 
Arsenical cobalt. 
Iron pyrites. 
Antimony. 

Steel. 


Zinc, 

Speculum metal. 

Platinum. 

Bismuth. 

Mercury. 

Copper. 

Tin-plate. 


Brass. 

Grain-tin. 
Jewellers' gold. 
Fine gold. 

Common silver. 
Pure silver. 

Tot. refi. from glass. 


He found also that, by increasing the number of reflec- 
tions, the whole of the light could he polarized in one plane. 
The white light of a wax candle, 10 feet distant, is polarized 
by eight reflections from steel between 60° and 80°, whereas 
it requires more than thirty-six from silver^ and in total 
reflection where the elliptical polarization becomes circu- 
lar ; and when the tw'o pencils are equal, the total polariza- 
tion of the pencil cannot be effected by any number of re- 
flections. 

The action of metals upon polarized light presents us 
with a series of very extraordinary phenomena. One of 
the first of these which was discovered by our author was 
the action of successive reflections from silver and gold 
upon polarized light. These reflections are made from two 
metallic plates placed between the polarizing and analysing 
plate or rhomb, and when the plane of metallic reflections 
is parallel or perpendicular to the plane of primitive polari- 
zation, its azimuth will be 0°, 90°, l'80°, &c. ; and when 
it is inclined 45° to that plane, its azimuth will be 45°, 
135°, &c. 

In. azimuth 0® no colours are observed by reflections 
from two plates of silver placed parallel to one another, just 
as in the case of crystallized laminae whose axes are in 0® of 
azimuth. 

At 45®, 135® of azimuth, the most brilliant complemen- 
tary colours are seen, either by turning round the analysing 
plate, or by using a rhomb of spar that gives two images. 
These colours become fainter and fainter while the azimuth 
changes from 45° to 90®, or from 45° back to 0®, exactly 
like those of crystallized laminae. 

When a small number of reflections are used, the tints 
are fainter and less brilliant, and they increase with the 
number of reflections. There is an angle of reflection, 
about 75°, at which the tints are brightest, and they become 
fainter as the reflections are performed at greater or at less 
angles. 

All the other metals in the preceding table, as well as 
total reflection from glass, give analogous colours, biit 
they are most brilliant in silver, and diminish towards 
galaena. . 

Now, it is obvious that at about 75* of incidence (if we 
suppose the metal to be steel) the polarized light which it 
reflects has acquired some new physical property. 

1. It is neither common light nor partially-polarized 
light, because if we reflect it a second time at 75° it is 
restored to light polarized in one plane. 

2. It is not polarized light, because it does not vanish 
during the revolution of the analysing rhomb. 

In order, then, to discover its nature, let it be transmitted 
along the axis of Iceland spar. The common uniaxal 


1 See Ann, de Chim,, Ac., Nov. 1860 ; and Phil. June 1851, p, 466. 
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Pig. 264. 


Elliptical system of rings is changed into that shown in fig. 264, 
Polariza- which is similar to the effect 
crossing the 
uniaxal system of rings with 
a thin film polarizing the pale 
blue of the first order. If we 
substitute for the Iceland spar 
films of sulphate of lime, we 
shall find that their tints are 
increased or diminished ac- 
cording as the metallic action 
coincides with or opposes that 
of the crystal. This experi- 
ment led our author into the 
erroneous opinion that metals 
acted like crystallized plates ; but when he found that a 
second reflection at 75° destroyed ’the effect of the first re- 
flection, he saw that this opinion was untenable, and was 
led to consider the phenomena as having some resemblance 
to those of circular polarization. 

We have already seen that a circularly-polarized ray 
RP (fig. 257) emerges after two total reflections in the 
direction ST, polarized 45° to the plane of the two reflec- 
tions in every azimuth. Now, if we reflect a ray of light 
R (fig. 265), polarized + 45® at Q, 
from one plate of silver CD, the 
rays QS will have acquired a pro- 
perty analogous to that of circular 
polarization ; for if it is reflected a 
second time at S, the reflected ray 
ST will emerge polarized 39° 48' to 
the plane of reflection. Now the 
difference between this result and 
that from total reflection is, that one 
reflection from silver impresses the 
same character upon light, whereas 
in total reflection two reflections are Fiff- 265. 

necessary. Another point of difference is, that when the 
ray is restored by the same number of reflections, it is not 
wholly restored to a plane -45°, but only to a plane 
— 39° 48'. But there is another difference of a very inter- 
esting kind. In circular polarization the ray has the same 
properties on all its sides, and the angles of reflection at 
which it is restored to polarized light in different azimuths 
are all equal to the radii of a circle described round the 
rays. Hence,” says our author, without any theoretical 
reference, the term circular polarization is, from this and 
other facts, experimentally appropriate.^ In like manner, 
without referring to the theoretical existence of elliptical 
vibrations produced by the interference of two rectilineal 
vibrations of unequal amplitudes, we may give to the new 
phenomenon the name of elliptic polarization, because 
the angles of reflection at which this kind of light is 
restored to polarized light may be represented by the 
variable radius of an ellipse.” 

Now it is a curious fact, that while silver restores the 
ray to angles of 39° 48', other metals restore it to angles 
deviating more and more from 45°, as is shown in tlie 
following table : — 



Inclination] 
of Ecstored 
Eay, 

Total reflection from glass 45° 0' 

Pure silver 39 48 

Common silver 36 0 

Pine gold 35 0 

Jewellers* gold 33 0 

(Strain tin 33 0 

Brasisl.; 32 0 

Tin-plate 31 0 

Copper * 29 0 

Mercury 26 0 

Platina ,22 0 


Eay. 


Bismuth 21’ 

Speculum metal .21 

2inc 19 

Steel 17 

Iron pyrites ,..,14 

Antimony 16 

Arsenical cobalt 13 

Cobalt 12 

Lead 11 

Galmna 2 

Specijar iron..., 0 


Naml)or of 
Eofleotions. 

2 

4 

6 

8 

10 

12 

18...... 

36.. 


Hence it appears that the elliptic polarization passes into Elliptical 
circular nearly in the case of silver, and into plane polariza- Polariza- 
tion in the case of galmna; the ellipsis becoming nearly a 
circle in the former case, and a straight line in the latter. 

As light polarized 4- 45° suffers different degrees of 
elliptical polarization by one reflection from metals, and is 
restored again to polarized light, though in different planes, 
by a second reflection, so it exhibits the same phenomena at 
3, 5, 7 ,9, &c., in reflections, and is restored to polarized light 
by 4, 6, 8, 10 reflections at the same angle. The follow- 
ing table shows tlie inclination of the plane of polarization 
of the restored ray to the plane of reflection, in various 
numbers of reflections from silver and steel. 

Inclination of tbo Plano of tbo Polarised Eay. 

Steel. Silver. 

..-17° 0' -38° 15' 

5 22. +31 62 

1 38 — 26 6 

..!..+ 0 30 + 21 7 

0 9 56 

+ 0 3 + 13 30 

0 0 — 6 42 

0 0 3 47 

These results show in the clearest manner the reason 
why common light is polarized by eight reflections from 
steel, and not till after 36 reflections from silver ; the planes 
of inclination of the two rectangularly-polarized rays re- 
quiring in each case that number of reflections to bring 
them into a state of parallelism. 

The angle at which elliptical polarization is produced 
by one reflection may be regarded, in the present state of 
our knowledge of the subject, as the angle of maximum 
polarization, and its tangent as the index of refraction of 
the metal, as given in the following table : — 

i. 1 iLugles of Maximum Xudex of 

JName of Metal. polarization. Eefraction. 

Grain-tin 78® 30' 4*915 

Mercury 78 27 

Galsena 78 10 4*773 

Iron pyrites 77 30 4*511 

Gray cobalt 76 56 4*309 

Speculum metal 76 0 4*011 

Antimony melted ,75 25 3*844 

Steel...... 75 0 3*m 

Bismuth 74 50 3*689 

Pure silver 73 0 3**.71 

jZfinc 72 30 3-172 

Tin-plate, hammered 70 50 2*879 

Jewellers’ gold 70 45 2*864 

We may produce elliptical polarization by a sufficient 
number of reflections at any given angle, in the same man- 
ner as in plane polarization. The fallowing table contains 
the results of observations made with steel : — 

Number of Reflections at Number of Eefloctions Observed Angle 
which Elliptical Polariza- 
tion is produced. 

3, 9, 15, 


Number of Eefloctions 
at which the Pencil Is Ke- 
Btored to a Single Plane, 


of 

Incidence. 


2, 6, 10, Ac. 

1, 3, 6, &o, 

14, 44, 74, Sc. 

2, 6, 10, Sc. 


6, 12, 18, &c 

...,6, 10, 16, 

86“ 0' 

84 0 

* . 6, 9, Ac 

82 20 

79 0 

, 2^ 4, 6, Ac 

76 0 

4, 8, 12, Ac 

67 40 

60 20 

5, 10, 15, Ac 

56 25 

52 20 


Inclination 
of Restored 


0 ' 

0 

10 

0 

0 

15 

0 

30 

0 

0 

0 


3, 9, 16, Sc.. 

At an incidence of 67° 40' elliptical polarization is pro- 
duced by l|, 4J, 7J reflections. Hence we draw the in- 
teresting conclusion, that the ray must have completed its 
elliptical polarization in the middle of the second axuijflh 
reflections ; that is, when it had reached its greatest depth 
within the metallic surface. It then begins to resume its 
state of polarization in a single plane, and recovers it at the 
end of the 3d, 5th, and 7th reflection. Another very in- 
teresting effect is produced when one reflection is mt^e on 
one side of the polarizing angle# and the other reflection on 
the other side. A ray that has been partially eiliptically 


^ Sfie Sir John HersebePs Treatise an Light, f 1050. 
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polarized by one reflection at 85° does not, as in plane po- 
larization, acquire more by a reflection at 54°, but it retraces 
its course, and recovers its state of single polarization. 

We have seen that by two reflections there is only onean* 
gle — viz., 73° for silver — at which the elliptically-polarized 
ray can be restored to plane polarization. At three reflections 
there are two angles — viz., 63° 43', and 79® 40' — at which the 
restoration can take place ; at four reflections, three angles ; 
and so on. This phenomenon is exhibited to the eye in fig. 
266, where the concentric arches I-I, II-II, &c., repre- 


c 



Pig- 266. 

sent the quadrant of incidence from one^ two, &c., reflections, 
B being the point of 90° and C that of 0°. The pcint D 
on the line A is the point or line of maximum elliptic po- 
larization, — viz., 73° for silver ; and the figures 1, 2, 3, 4, 5, 
indicate the points or nodes of restoration, and their dis- 
tances from C the corresponding angles of incidence at 
which the restoration takes place. The loops or double 
curves lying between the points 1, 2,3, &c., are drawn to 
give an idea of the intensity of the elliptic polarization, 
which has its minimum at 1, 2, 3, &c., and its maximum at 
the white intermediate parts. These points of maximum 
intensity do not bisect the loops, or are not equidistant from 
the minima ; but such is their relation that the maximum 
for n reflections is the minimum for 2n reflections. These 
phenomena lead us to the explanation and analysis of the 
complementary colours which accompany elliptical and cir- 
cular polarization. 

Sect II . — On the Colours or Elliptical and 
Circular Polarization. 

When the preceding experiments are made with homo- 
geneous light, we find that the points and angles of resto- 
ration vary for the differently coloured rays. Thus in silver 
we have the maximum polarizing angle as follows 

Corresponding Index 
of Refraction, 

For red light 75i 3*866 

For yellow light 73 3*271 

For blue light 70J- 2*824 

Hence it is obvious, that at the point of restoration, where 
the bltte rays are restored and vanish, the red rays are not 
restored, and consequently will appear when the principal 
section of the analyzing rhomb is in the plane of reflection. 
Here, then, we have the cause of the phenomena of the 
complementary colours seen in reflection from metals. 
They are analogous to the colours in oil of cassia and 
chromate of lead at the maximum polarizing angle.^ 
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But the remarkable result of the preceding measures is, Elliptical 
that in metallic as well as in total reflection the index of Polariza- 
refraction is less for blue than for red light ; or, in the 
language of the undulatory theory, the refractive in- 
dex increases with the length of the wave. In a commu- 
nication to the Royal Irish Academy,® on the propaga- 
tion of light in un crystallized media, Dr Lloyd has ob- 
tained an expression for the velocity of the propagation of 
light, each of its terms consisting of two parts with oppo- 
site signs, one of which is due to the action of ether and 
the other to that of the body. Conceiving, therefore, that 
there may be bodies in which the principal term is nothing, 
the principal part of the expression will be that derived 
from the second term ; and if that term be taken as an 
approximate value, it will follow that the refractive index 
of the substance must be in the subduplicate ratio of the 
length of the wave nearly. ‘‘ Now,” says Dr Lloyd, it 
is remarkable that this law of dispersion, so unlike any- 
thing observed in transparent media, agrees pretty nearly 
with the results obtained by Sir David Brewster in some of 
the metals. In all these bodies, the refractive index (in- 
ferred from the angle of maximum polarization) increases 
with the length of the wave. Its values for the red, mean, 
and blue ray in silver are 3*866, 3*271, 2*824, the ratios 
of the second and third to the first being *85 and *73. Ac- 
cording to the law above given, these ratios should be 
•88 and *79.” 

Professor Maccullagh has® endeavoured to represent 
the phenomena described in the preceding pages • by 
empirical formulae, in the same manner as Fresnel re- 
presented those of total reflection. The following is a brief 
abstract of Professor Maccullagh’s researches, which we 
shall give in his own words : — 

'The author observes that the theory of the action of 
metals upon light is among the desiderata of physical op- 
tics, whatever information we possess upon this subject 
being derived from the experiments of Sir David Brew- 
ster. But, in the absence of a real theory, it is import- 
ant that we should be able to represent the phenomena 
by means of empirical formulae ; and accordingly the 
author has endeavoured to obtain such formulae by a me- 
thod analogous to that which Fresnel employed in the 
case of total reflection at the surface of a rarer medium, 
and which, as is well known, depends on a peculiar interpre- 
tation of the sign V For the case of metallic re- 
flection the author assumes that the velocity of propa- 
gation in the metal, or the reciprocal of the refractive 
index, is of the form 

m (cos x + V'- 1 sin x) ; 

without attaching to this form any physical signification, 
but using it rather as a means of introducing two con- 
stants (for there must be two constants, m and x> for 
each metal) dnto Fresnel’s formulae for ordinary reflection, 
which contain only one constant, — namely, the refractive 
index. 


“ Then if i be the angle of incidence on 
and i the angle of refraction, we have 

the metal, 

sin i^m (cos x+ V “ ^ x) h 

• (1) 

and therefore we may put 


cos 2 *'= w (cos X “ V ^ x) 

. (2) 

if cos* t = 1 — 2m^ cos 2x sin® i + m* sin* i, 

. (3) 

^ ^ , m^ sin 2x sin® i 

and tan 2x - j ,• 

r- (4) 


‘‘Now, first, if the incident light be polarized in the plane 


^ For a full analysis of these phenomena, see Phil. Tram, for 1830, p. 319. 
® Proctedinga of Royal Iriah Academy, Oct. 24, 1836. 


2 Jan. 9, 1837. 
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Elliptical of reflection, and if the preceding values of sin cos i be 
Polariza- substituted in Fresnel’s expression 

tion* t r- V\ 

V / sin 0 - 2 ) 


sin (2 + 2 ') ’ 

for the amplitude of the reflected vibration, the result may 

be reduced to the form 

a (cos 8 - V 1 sin 8) (5) 


if we put 


tan^= 


m 


tan 8 == tan 2i/r sin ()( + xO • 

^ 2 _l-sin 2i/rcos (x + xO 

O -I—--..- ^ _ 


, . ( 6 ) 

. . (7) 

1 +sin 2^ cos (x+xT * * * 

Then, according to the interpretation before alluded to, of 
V - 1, the angle 8 will denote the change of phase^ or the 
retardation of the reflected light ; and a will be the ampli- 
tude of the reflected vibration, that of the incident vibra- 
tion being unity. The values of w', x » fot* any angle of 
incidence, are found by formulae (3), (4) — the quantities w, 
X, being given for each metal. The angle x is very small, 
and may in general be neglected. 

** Secondly, when the incident light is polarized perpen- 
dicularly to the plane of, reflection, the expression 
tan (^ — f) 
tan (2 + 2 ) 

treated in the same manner, will become 

a (cos y — V — 1 sin 8') * . . 
tan \}/ =s mni^ .... 
tan y = tan 2\j/ sin (x - x0> • ^ 

2^’ cos (x"x) . 

1+sin 2\j/ cos (x^xV 
and h^re, as before, ^ will be the retardation of the reflect- 
ing light, and d the amplitude of its vibration. 

1 

“ The number may be called the modulus, and 

the angle x the characteristic of the metal. The modulus 
is something less than the tangent of the apgie which Sir 
David Brewster lias called the maximum polarizing angle. 
After two reflections at this angle, a ray originally polarized 
in a plane inclined 45° to that of reflection will again be 
plane-polarized in a plane inclined at a certain angle ^ 
(which is 17'’ for steel) to the plane of reflection; and we 
must have 


if we make 


(9) 

( 10 ) 

( 11 ) 

( 12 ) 


tan 


(13) 


Also, at the maximum polarizing angle we must have 

S' -8=90® (14) 

And these two conditions will enable us to determine the 
constants M and x for any metal, when we know its maxi- 
mum polarizing angle, and the value of ; both of which 
have been found for a great number of metals by Sir David 
Brewster. The following table is computed for steel, 
taking m— 3^-, x=84®: — 




1 

*2 



0 ® 

30 

45 

60 

76 

85 

90 

27 ° 

23 

19 

13 

7 

2 

0 

27 ° 

31 

38 

€4 

98 - 

152 

180 

•626 

*575 

•638 

•729 

•850 

•947 

1 - 

-526 

•475 

•407 

•308 

•240 

•491 

1 - 

•526 

•626 

•522 

•518 

•546 

•719 

1 * 


The most remarkable thing in this table is the last co- 
lumn, which gives the intensity of the light reflected when 
common light is incident. The intensity decreases very 
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slowly up to a large angle of incidence (less than 75®), and Elliptical 
then increases up to 90°, where there is total reflection, PolarUa* 
This singular fact, that the intensity decreases with the 
obliquity of incidence, was discovered by Mr Potter,^ whose 
experiments extend as far as an incidence of 70°. Whether 
the subsequent increase which appears from the table in- 
dicates a real phenomenon, or arises from an error in the 
empirical formulae, cannot be determined without more ex- 
periments. It should be observed, however, that in these 
very oblique incidences Fresnefs formulae for transparent 
media do not represent the actual phenomena for such 
media, a great quantity of the light being stopped, when 
the formulae give a reflection very nearly total. 

The value of S' — 8, or the diference of jihase, increases 
from 0° to 180°, When a plane-polarized ray is twice 
reflected from a metal, it will still be plane-polarized if the 
sum of the values of — 8 for the two angles of incidence 
be equal to 180°, 

“ It appears from the formulae, that when the charac- 
teristic X is very small, the value of S' will continue very 
small up to the neighbourhood of the polarizing angle. It 
will pass through 90° when 1 ; after which the change 
will be very rapid, and the value of S' will soon rise to nearly 
180°. This is exactly the phenomenon which Mr Airy 
observed in the diamond. 

“ Another set of phenomena to which the author has 
applied his formulae are those of the coloured rings formed 
between a glass lens and a metallic reflector ; and he has 
thus been enabled to account for the singular appearances 
described by M. Arago in the Memoires dHArcueil, tom. 3, 
particularly the succession of changes which are observed 
when common light is incident, the intrusion of a new ring, 

&c. But there is one curious appearance which he does 
not find described by any former author. It is this : Through 
the last twenty or thirty degrees of incidence the first dark 
ring, surrounding the central spot, which is comparatively 
bright, remains constantly of the same magnitude, although 
the other rings, like Newtoifs rings formed betweem two 
glass lenses, dilate greatly with the obliquity of incidence. 

This appearance was observed at the same time by Dr 
Lloyd. The explanation is easy. It depends simply on 
this circumstance (which is evident from the table)» tliat 
the angle 180°— S', at these oblique incidences, is nearly 
proportional to cos z, 

“ As to the index of refraction in metals, the author con- 
jectures that it is equal to — 

^ cos X 

Sect in, — On tub Colours of Metals. 

In the year 1817 M. Benedict Prevost made a series of Colour* of 
interesting experiments on the colours produced in metals 
by successive reflections of white light between tw'o parallel 
plates. He found that the colours became brighter and 
deeper with the number of reflections. After ten reflections 
silver assumed a tint analogous to that of bronze, gold and 
copper became of a fine purple colour, and, in general, all 
the metals experienced analogous changes.* 

In the experiments of Sir David Brewster, already de- 
scribed, the same phenomena were seen in the diflerent 
metals which he employed ; but no atteinpt was made to 
employ their results in explaining the colours of metals. 

It was left to M. Jamin to do this both by theory and ex- 
periment, and the methods by w'hich he made* tins fine 
discovery are given in his paper published in the M^mires 
des Savans Etrangers for 1847, 

In his beautiful theory on elliptical polarization, founded Thiwwrv of 
on the experiments already detailed, M. Cauchy repre- 
sented the phenomena by very compHcated fbrmiilse, of 

® Ann, de Chimie, Ac., tom. iv., pp. 102-201, and 436-443. 


^ See mn. Jour, of SoimcB, If.S., Oct. 1830, vol. iii., p. 278. 
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Elliptical which the following are the principal results, as enumerated 
Polariza- by M. Jamin : — 

1, At very oblique incidences, all well-polished metals 
are absolutely white. 

2, When illuminated by polarized light in the plane of 
incidejice, they have a very pale tint of their own colour, 
marked by a large proportion of white light. 

3. When illuminated by light polarized perpendicular to 
the plane of incidence, their tint is brighter, and less mixed 
with white. 

4. At a perpendicular incidence, the proper colour of 
the metal, without being changed in its nature, does not 
vary with the azimuth of the incident ray. 

The formulae of Cauchy are founded on two data ob- 
tained from Sir David Brewster’s experiments : — 1- The 
angles of incidence at which a completely polarized ray is 
restored to its polarized state after two reflections between 
two parallel metallic mirrors. 2. The azimuth of this po- 
larized light when that of the incident ray is 45®. In 
silver, for example, Sir David Brewster found that when 
the angle of incidence was 73®, and the azimuth of the po- 
larized pencil 45®, the angle of restoration was 39° 48', 
having experienced a rotation of 45° — 39° 48' = 5® 12'. 
Other metals give different degrees of rotation. Platina, 
for example, is 45®-22°=23°. 

As the two data above mentioned vary with the refran- 
gibility of the rays, the reflected light must generally be 
coloured. M. Jamin has therefore calculated the intensity 
of each reflected colour, and determined the colour arising 
from their combination by the method of Biot.^ The results 
are given in the following tables ; — 



One Reflection. 



D 


Q 

Copper 

... 69° 66' .. 

.... Orange, very red.... 0*113 

Brass 

,..103 13 .. 

... Yellow 

,...0*112 

Bell metal 

83 10 .. 

... Orange-yellow.... 

...0-065 

Speculum metal.. 

... 67 25 .. 

... Orange, very red 

...0*027 

Zinc.. 

...180 67 ,. 

... Blue 

,...0*021 

Silver..... 

... 89 0 .. 

, . . Orange-y ellow . . . 

...0*013 

Steel 



...White 

..,0*000 


Ten Reflections* 

D Q 


Copper 42° 29' Red, average 0*812 

Brass 62 60 Orange, vei-y red... 0*349 


Bell metal 

... 40 

40 .. 

...Red 

...0*767 

Speculum xnctal.. 

.. 53 

59 .. 

... Red orange 

...0*291 

Zinc 

..267 

58 .. 

... Blue indigo ...... 

...0*188 

Silver 

.. 84 

32 

... Orange-yellow... 

...0*124 

Steel 

. . 

.. 

... White 

,...0*000 


In these tables, D represents the angular distance in 
Newton’s circular spectrum from the extremity of the red 
space of the calculated tint, and Q the quantity of coloured 
light in the reflected pencil, which is 1 ; the quantity of 
white light being 1 — Q. 

In these researches M. Jamin was led to the following 
laws, some of which, as will be seen from the preceding ar- 
ticle, were long before discovered by Sir David Brewster : — 

1. That the angles of restoration diminish from the red 
to the violet. 

2. That the azimuth of restoration in some metals in- 
crease from the red to the violet, while in others they 
diminish. 

3. In speculum metal the azimuths diminish from the red. 
to the green rays, and increase from the green to the violet. 

4. That all the metals of the first class have necessarily 
the less refrangible- colour, always becoming red after nu- 
inerous reflections. 


5. That all those of the second class, though most fee- Explana- 
quently white, may have any colour in the spectrum. 

6. In several metals the observed and the calculated 
tints are the same.® 

In concluding our account of the phenomena of Physical 
Optics, we could have wished to have given a popular ac- 
count of the undulatory theory of light, and of the explana- 
tion which it affords of a great variety of the most interest- 
ing phenomena in Optics. This, however, has been done 
to such an extent by Dr Thomas Young, in the article 
Chromatics in this work, and in the article Polarization 
by M. Arago, that we would not be justified in entering 
again upon the subject. (See Professor Forbes’s Prelimi- 
nary Dissertation, chap, v.) 


Paet Vni .— on the APPLICATION OF OPTICS TO 
THE EXPLANATION OF NATURAL PHENOMENA. 

As several of the subjects which belong to this branch’ of 
Optics have been treated pretty fully in other parts of this 
work, we must confine our attention to topics which have 
not been previously discussed. 

Sect L — On the Rainbow. 

A general description of the rainbow has already been Rainl)o\f. 
given among the optical phenomena in Meteorology. In 
order to explain the progress of the rays of light which 
form the two bows, let R, R, R, R (fig. 267), be parallel 
rays proceeding from the sun, situated at the back of the 



light will enter the spherical drops of rain, and those which 
Ml perpendicularly, and nearly so, will be transmitted 
through th^ drop, and of course never reach the observer 
at O. Other rays, however, especially those which fall ob- 
liquely, will be separated into the prismatic colours at the 
first refraction, and will subsequently be reflected once^ 
twice, and more times, within the drop, and emerge after 
one, two, or more reflections in different directions. Now, 
it is obvious that there will be some position of the drops, 
such as E, F, at which rays that have suffered one reflec- 
tion will reach the eye of the observer at 0. Drops above 
these will throw the rays wliich they refract after one re- 
flection above O, and drops below these will throw the same 
rays below In like manner, there must be some posi- 
tion, as at H and G, at which other drops in which the light 
that has suffered two reflections will fall upon the eye at 0 ; 
the drops above these throwing the rays above, and the 
drops below them throwing the rays below O. Now, each 
drop forms by refrraction a prismatic spectrum, or coloured 


^ Traite de Physique , tom. iix., p. 445. 

* See Cowj^tes Bendus, tom. xxv., p. 714; Moigno’s iReperioire d^Optique, tom. iv,, pp. 1397-1437 ; Phil 1830, p. 319. 
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Ezplana- and elongated image of the sun. The rays RE, RF, which 
tion of reach the eye at O, must fall upon the lower drops E, F on 
Natural upper side, as shown in the figure, and consequently^ 
Phenomena ^ays through the drops) the 

spectrum which they form will have the red rays upper- 
most, asatr, near F, and the violet rays downwards, as atv, 
near E ; and as the same effect will be produced from all the 
other drops w^hich reflect the sun's rays to the point 0, there 
will appear to an eye at 0 a coloured bow, such as we see 
it in the heavens, with all the colours of the spectrum, as if 
they had been formed from the sun's image by a prism of 
water that produced the same degree of refraction. In like 
manner, the rays that enter the lower side of the drops will 
form an inverted spectrum, after tw^o reflections, in winch 
the red rays are below, and the violet ones above ; and as 
this spectrum is much fainter, it will give a second coloured 
bow, fainter than the first, and having its red side below, 
and its violet side above. The following are the dimensions 
of the two bows : — 


Hadius of the red eJge of the inner bow 42° 2' 

Radius of the vwtei edge 40 17 

Breadth of the inner bow 1 45 

Radius of the violet edge of the outer bow 54 7 

Radius of the red 50 67 

Breadth of the outer bow 3 10 

Distance between the bows 8 55 


Dr Halley has shown that the solar rays which suffer 
three reflections will form a bow round the sun at the dis- 
tance of 40° 28', and that those which s\ifFer four reflec- 
tions will form a bow at the distance of 45° 33' from the sun ; 
but the light wbidi reaches the eye after so many reflections 
is too faint to be seen, and these bows have consequently 
never been discovered. 

Supernumerary bows of red and green light, to the num- 
ber of three, have been seen in contact w ith the violet arch 
of the inner bow, and we have seen them also on the out- 
side of the outer or secondary bow. The cause of these 
is not known, but a very ingenious explanation of them has 
been given in CnnoMA-Xics, voL xL, p. 634, sect. iii. 
Polariza- Sir David Brewster, upon examining the two rainbows 
tion of the a rhomb of Iceland spar, found that they consisted 
rainbow. yyijQjjy of light polarized in the plane of reflection within 

the drop, or in i)]anes coincident with the radii of the bow. 
The two bows present a case of conical polarization, the 
part of the bow vanishing as the principal section of the 
rhomb becomes parallel to its radius. It is strange that the 
polarization of the bow, and consequently of light, liad not 
been discovered when it happened to be seen by reflection 
on panes of glass, or other reflecting substances, lying with 
their planes of reflection perpendicular to the planes of re- 
fraction within the drop, and near the angle of maximum po- 
larization. The polarization of the rainbow was observed 
also by M. Biot. 

Sect, //.—Ok Halos and Parhelia. 

Halos and The name of halos and parhelia have been given to circles 
parhelia, round the sun and moon, some of which are extremely com- 
plicated and beautiful. The general theory of this class of 
phenomena has been given by Dr Young in the article 
Chromatics, sect. ii. ; and a description of the phenomena 
themselves, in the article Meteorology, by Sir John 
Herschel, vol. xiv., pars. 227-232. 

Artificial The production of halos, which have their origin in the re- 

halos. fraction and reflection of light by crystals of ice floating in the 
atmosphere, may be illustrated by the following method given 
by Sir David Brewster. A few drops of a saturated solu- 
tion of alum, spread over a plate of glass so as to crystallize 
rapidly, will cover the glass with an imperfect crust, which 
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is composed, when examined by the microscope, of flat oc- Explana- 
taliedral crystals, scarcely visible to the eye. If the ob- tion of 
server places his eye behind this plate, and close to its 
smooth side, he will see the sun or the candle encircled with Phenomena 
three fine halos placed at different distances. Tlie interior 
one, which is the whitest, is formed by the refraction of* the 
rays through two of the faces that have the least inclination 
to each other, and consequently give a spectrum in which 
the colours are not greatly dispersed ; and as a similar pair 
of refracting planes lie in every direction, there will be a 
spectrum in every direction, and consequently a rainbow of 
a circular form, "riie second halo, which is blue without 
and red wdthin, with all the intermediate prismatic colours 
more highly dispersed, is formed by a ]>air effaces more in- 
clined. The third halo, which is larger and more brilliantly 
coloured, is produced by a third j)air of refracting planes 
having a greater refracting power, and consequently giving 
a higher dispersion. When the granular crystals have 
double refraction, and when they crystallize with their axes 
perpendicular to the plates, combinations of greater variety 
and beauty will be produced. 

The phenomena presented by halos have been recently Opfiml 
studied with much attention as a branch of what has bcetj 
called optical meteorology. It has now been placed beyond a 
doubt that ice belongs to the rhombohedral system of crystals, 
and crystallizes in six-sided prisms with angles of 60® ; and as 
such crystals actually float in the atmosphere, the form and 
the luminous condition of halos can be calculated and as- 
certained with as much exactness as other optical phe- 
nomena. 

In an able and elaborate work on halos, published about 
ten years ago, M. Bravais^ has treated the subject in the 
most satisfactory manner. Two remarkable halos have at- 
tracted the notice of observers, — viz., the halo of 22° and 
the halo of 46°. The first of these is produced by the re- 
fraction of the incident rays by the angles of 60° of the 
prisms of ice, and the second by the refraction of the twelve 
dihedral angles of 90°, formed by the six faces of the prisms 
with their two bases or summits. In order to compare this 
theory with observation, M. Bravais obtained the following 
indices of refraction for the different colours of the spec- 
trum ; — 


TmJejc of 
itefrui’tion. 


Extreme red 1*3043 

Limit of orange and 

red.,,. 1*3078 

Limit of yellow and 
orange 1*3088 


Index of 
Ket'ructiun. 

Limit of green and 

yellow 1*3100 

Limit of blue and 

green 1*3133 

Limit of violet and 
blue 1*3162 


With these measure.sbe obtained the fullowitig niagnitiules 
of the different rings of the halos: — 


Huh of 22° Radim. 


Red ring... 
Orange do. 


Red ring... 
Orange do, 
Yellow do. 


Radius of 
Rin^, 

21° 37' Yellow ring 

21 43 Green do. 


llah of 46° Radius, 

Radius of 
Ring. 

, 45° O'* Green ring. 

, 45 25 Blue do. . 

. 45 38 


Radttis of 

21° 4B' 
21 57 


Radius of 
King. 

46* 3^ 
46 50 


The following explanation of the different parts of the 
meteor has been given by M. Bravais : — 

1. The halo of 22° is produced by the dihedral angles of 
60° of prisms of ice that have no particular mode of orien- 
tation. 

2. The parhelion of 22° is produced by the same angles 
when the axes of the prisms become vertical. 


1 rnmin sw Us Halos, Baris, 1847, pp. 266, 4to; see also Moigno’s Repertoire, Ac., tom. iv., 1627-1638. 
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Kxplana- 3. The circurnzenithal or upper tangential arc of the 
produced by the angles of 90° when the prisms 

Phenomena vertical. 

V ^ 4. When the axes take indeterminate directions they 

~ form across the same angles the halo of 46®. 

5. The upper and lower tangential arcs of the halo of 
22° are produced by the angles of 60® when the axes of the 
prisms are liorizontal. When the sun is from 35® to 40® 
high, these arcs form an elliptical halo with its large axis 
horizontal, circumscribing the halo of 22®. 

6. The parhelic circle, a white horizontal belt, sometimes 
incomplete, passing through the sun, is produced by reflec- 
tion from the vertical faces of the prism whose axes are ver- 
tical or horizontal. 

7. The extraordinary halos (extraordinary circumzeni- 
thal arcs) are produced by the faces of the pyramids, either 
truncated or complete, which terminate the prism. 

8. The parhelia on the parhelic circles at different dis- 
tances from the sun, are produced by compound crystals 
(asterial hexagons) of ice or snow, or by asterial dodecagons 
of different kinds- 

9. The vertical luminous columns which appear above 
the rising sun are produced by internal reflections from the 
base or summit of the prisms when vertical, these prisms 
oscillating slightly round the vertical. The lustre and 
length of the columns are increased by 3, 5, and 7 reflec- 
tions, while 2, 4, and 6 reflections produce masses of light 
accompanying the sun from 20® to 30® of altitude. A lu- 
minous cross is produced when these masses of light are 
combined with portions of the parhelic circle. 

The false suns which have been so frequently observed, 
and the anthelia and other phenomena, may be explained 
by means of crystals of ice more or less perfect. 

M. Bravais has not made any reference to the possible 
production of luminous appearances round the sun by the 
internal condition of tKe crystals of ice. We have found 
in pieces of ice crystalline cavities, sometimes empty and 
sometimes filled with water, which, like the tubes in certain 
specimens of Iceland spar, may produce optical phenomena ; 
and it is quite possible that the surfaces of the crystals may 
not only be striated, as M. Bravais supposes, but may be 
disintegrated, and produce surfaces such as those described 
in the following section. 

In order to reproduce halos and other optical phenomena 
artificially, M. Bravais constructed an apparatus, which is 
shown in fig. 268, where P is an equilateral hollow glass 
prism, with angles of 60®. It 
is filled with water by an ori- 
fice O in its tubular axis, and 
is made to revolve by a piece 
of clock-work round a vertical 
axis A. When it is made to 
revolve a hundred times in a 
second, and is illuminated by 
the sun, or by a lamp at pro- 
per distances, it will reproduce 
a large number of the pheno- 
mena already described. 

The nature and origin of 
halos is indicated by the state 
of the light of which they are 
formed. We owe to M. 

Arago the important observation that the light of halos is 
polarized by refraction.^ 

The following observations were made by M. Bravais : — 

1 . The parhelic circle consists of a circle formed by ex- 
ternal reflection superposed upon a circle formed by inter- 
nal reflection. 


689 ' 


Polariza- 
tion of the 
light of 
halos. 



Fig. 268. 


The first of these is polarized in a plane passing through Explana- 
the luminous source — that is, horizontally or negatively. It tion of 
is a maximum towards 70®, the polarization disappearing at I^ataral 
0® and 180®. Phenomena 

In the second circle no polarization is seen in the part of 
the circle produced by total reflection, but it is very strong , 
and horizontal or negative in the part formed by partial re- 
flection, the maximum being at and beyond 30®. Hence, 
when the two circles form the parhelic circle, there should 
be a maximum at 75®, and another towards 100® or 120°. 

2. The halo of 22® is feebly polarized by refraction, the 
opposite polarization of the atmosphere by reflection re- 
ducing it considerably. 

3. The tangent arcs of the halos of 22° and 46° ought to 
be polarized tangentially. 

4. The parhelion of 46® ought to be polarized verti- 
cally. 

5. The polarization of the anthelia ought to be horizontal 
and strong. 

6. The luminous columns ought to be polarized verti- 
cally, and strongly at their extremities. 

Thesetheoretical results, and others, have been confirmed 
by experiments with the apparatus above described, but, 
with the exception of M. Arago’s observations on the actual 
polarization of halos, the condition of the light of real halos 
remains to be investigated. M. Bravais, however, has made 
new observations on the halo of 22°. The tangential po- 
larization is always strong at its upper and lower points, and 
it extends 5® or 6® beyond the halo, there being a neutral 
ring at 27°, beyond which the polarization is normal. The 
polarization within the halo suffers remarkable changes. 

M. Bravais found it nothing in the upper part on the 4th 
October 1847 ; horizontal in its lateral parts on the 8th 
September, and on the 5th, 10th, and 16th of October, 1847 ; 
and at other times vertical. These remarkable changes 
arise from extensive changes in the polarization of the at- 
mosphere.^ 

Among the phenomena of optical meteorology may be Converg- 
ranked those of diverging and converging beams. The ing beams, 
phenomenon of diverging beams is so common in sum- 
mer, when the sun is near the horizon, and its cause so 
obvious, that it is unnecessary to say more about it than 
that it arises from portions of the sun's rays passing through 
openings in the atmosphere, the adjacent portions being 
stopped by clouds. The phenomenon of converging beams 
is of rare occurrence. It is seen in the horizon opposite to 
the sun, and the beams converge to a point as far beneath tlie 
horizon as the sun is above it ; so that they appear to diverge 
as it were from another sun placed in the antesolar point. 

Sometimes the beams appear to be black, the dark spaces 
between the luminous radiations appearing the more dis- 
tinct of the two. The phenomenon is one of perspective. 

If the N. pole of a terrestrial globe is placed 10® above the 
horizon, and is supposed to send out radiations in the plane of 
each of its 15 meridians, they will all meet or converge to 
its south pole, 10® below the horizon.® 

As explanatory of phenomena yet unex- 
plained, or which may yet be discovered in 
optical meteorology, we may describe the very 
curious luminous circles produced by looking 
at the sun or a candle through certain speci- 
mens of Iceland spar. In one position of the 
rhomb the two rings or circular bands A, B 
(fig. 269), are equal, passing through their point 
of contact S, which consists of the two super- 
posed images produced by double refraction. 

Upon inclining the rhomb, the circle A be- 
comes less and less, while B becomes larger and larger, till A 



LTzminoiis 
circles in 
Iceland 
spar. 


^ M, Bravais calls this tangential polarization, in opposition to normal, or polarizaiion. hy reflection. 

^ Brewster’s Tr&xti&t on Optics, p. 39-A. ® See JSdin, Jour, of Science^ April 1832, vol. vi., pp. 25, 256. 
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Explaua- disappears in S. Continuing the inclination in the same 
tion of direction, A reappears within the ring B, but always 
Natural touching S, and becomes larger and larger along with B till 
Phenomena the two almost form a straight line, and bend in the 
opposite direction. The two rings are the two images 
formed by double refraction, and are oppositely polarized. 
They are produced by reflection from the cylindrical sur- 
faces of minute tubes in the mineral, of which there are 
several thousands in an inch. We have found similar rings 
in beryl. The two are oppositely polarized, and are pro- 
duced by the cylindrical surfaces of tubular cavities which 
contain, or have contained, the two new fluids called by 
Dana Brewstoline and Amethystoline, found in topaz, 
amethyst, and other minerals.^ 

Circular As compound crystals of snow, called lateral, * are sup- 
crystals. posed by M. Bravais to produce some of the luminous por- 
tions of halos, there may be other crystalline groups in the 
air formed of other substances than water, which may pro- 
duce luminous phenomena. The subject of circular crys- 
tals, therefore, becomes an interesting branch of optical 
meteorology ; and when we consider how many substances 
exist in the air in a state of minute subdivision, and may 
therefore combine in single crystals, as well as in crystal- 
line groups, it is hardly philosophical to assume that the 
various complex phenomena produced by the sun's light are 
owing solely to crystals of ice and snow. The most beau- 
tiful halos may be produced by various bodies, whose sepa- 
rate crystalline particles arrange themselves in radial lines 
round a centre, and these halos are sometimes polarized 
tangentially or by refraction, like those in the atmosphere. 
These halos are finely seen in oil of mace, properly melted 
and cooled between plates of glass. Our limits will not 
permit us to treat of this subject. It may be sufficient to 
state that Sir David Brewster has given a list of seventy 
circular crystals, about thirty of which are positive, and forty 
negative.® 

We have endeavoured, by looking through hoar-frost 
upon glass, to produce halos actually resembling those seen 
in nature ; but we have not succeeded, though we have no 
doubt that it may be effected by causing vapour deposited 
under a variety of circumstances to be frozen in different 
ways. 


Sect J//.— On the Figures produced by Reflection 
PROM Disintegrated Surfaces. 

Reflection The remarkable forms produced by the light of the sun 
from disin- and moon by the action of crystals floating in the atmosphere 
tegrated may be illustrated by the figures produced by reflecting or 
eurfaces. transmitting solar or artificial light from or through the 
surfaces of crystals upon which various facets have been 
developed by different solvents. 

If we reflect the light of a candle from a fine surface of 
alum ABC, we shall see an 
image of it at S. If we dip 
the surface in water^ and dry 
it quickly, we shall see three 
luminous radiations w, w, o 
proceeding, as it were, from 
A, B, C. A second immer- 
sion will develop other three 
at 1, 2, 3 ; a third will join 
1, 2, 3 with S ; and a con- 
tinued action will produce 
other three at 4, 5, 6, then at rig.270. 

B, 9. The central image S will finally disappear, the 



whole of the original surface of the crystal wliich reflects Explana- 
it having been removed, and numerous facets variously tion of 
inclined to it developed. 

By dipping the surface thus disintegrated into a saturated 
solution of alum, particles of alum will replace those which 
were removed, till, by repeated immersions, the surface ABC 
will become a perfect surface, reflecting, as it did at first, a 
bright image of the candle, — the particles of alum flying 
into their proper places with inconceivable rapidity. 

An octahedral face o^fluor spar, acted upon for a few days 
by sulphuric acid, will 
display the remarkable 
figure shown in fig. 271, 
the parts of which are de- 
veloped in the following 
order : — A, B, C, mno, rf, 
gk, ik; then six curves 
proceeding from the image 

gh, ik, as in fig. 272, 
and having a new round 
image within their con- 
cavity. Three insulated 
images appear also at L 
m, n, 120^ distant. The Fig. 271 . 

figure ab, ac, be was observed on a natural cleavage surface 
of fluor spar; and the 
same was produced upon a 

another cleavage surface 
by grinding it upon a 
rough hone. The figure 
ab, ac, he is sometimes 
seen along with the new 
figure, as in fig. 272. 

Different figures are 
produced on the faces of 
the cube, and singular 
varieties may be deve- 
loped by increasing the 
strength of the acid and 
the duration of its action. 

Figures analogous to those described may be seen on 
the natural cleavage planes of various crystals, such as 
Brazil, topaz, fluorspar, hornblende, axinite, horacite, dia^ 
mond, garnet, amethyst, oligist iron ore, muriate of soda, 

&c. One of the most curious of these figures is shown in 
fig. 273. It has been pro- 
duced by the action of some 
natural solvent upon the sum- 
mit or principal cleavage 
plane of Brazil topaz, Flg.27A 

Analogous phenomena may be readily produced by the me-* 
chanical abrasion of coarse sandstone, or of a rasp or large- 
toothed file. In these cases the figure had a different po- 
sition from those produced by solvents, or had the position 
which a solvent would have produced on the opposite side 
of the crystal 

The superficial structures above described may be com- 
municated to wax, isinglass, gum, fusible metals, &c. 

Those on isinglass again enable us to observe better 
by transmitted light the forms and dimensions of the 
figures. 

The phenomena described in the above section were de- 
scribed by Sir David Brewster in the Edinburgh Tram^ 
actions for 1837, vol. xiv., p. 164; and reprinted in the 
PML Mag,, Jan. 1853, p. 16, illustrated by tkiriy^thret 
figures. The experiments, we believe, have never been 
repeated, and hardly noticed by writers on optics. 





J See Phil, Mag, 1848, vol xxxiil, p. 489. 

3 pabliflhed an immense number of drawings of tlmse singularly leanilM crystals. 

® See Phi. IPrans, 1815, and JSdin. Pram, 1853, vol. xx„ p. 607. » ^ 
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Ezplan^ Sect, IV. — On the Unusual Refraction and Reflec- 
tion of the Atmosphere. 

Phenome na interesting applications of optical sci- 

ence is the explanation which it affords of the extraordinary 
wSion. arise from difference of density in dif- 

ferent parts of the atmospherea On this subject we shall 
confine ourselves at present to an account of the most ex- 
traordinary of all the phenomena of this kind which have 
been observed and correctly described. It was observed by 
pr Vince, on the 6th of August 1806, about seven o’clock 
in the evening. Between Ramsgate and Dover there is a 
hill, over which the tops of the four turrets of Dover Castle 
are usually seen to a person at Ramsgate. At the time 
above mentioned, however. Dr Vince, when at Ramsgate, 
not only saw the four turrets v, ar, w, y, but the whole of the 
castle, m, w, r, appearing as if it were situated on the side 
of the hill next to Ramsgate, and rising as much above the 
hill AB as usual, as if it had been brought over and placed 
on the Ramsgate side of the hill (fig. 274). This appear- 



Fig.274. 

ance continued about twenty minutes. Between Ramsgate 
and the land from which the hill rises there is about six 
miles of sea, and from thence to the top of the hill about the 
same distance, the height of the eye above the surface of 
the sea being about 70 feet. It is a very singular circum- 
stance in this phenomenon, that the image of the castle 
was so very strong and well defined that the hill itself did 
not appear through the image. 

In order to explain this phenomenon, Dr Vince supposes 
AB (fig. 275) to represent the castle, FC the cliff of 


T 



Fig. 275. 

Ramsgate, BTD the hill, DC the sea, E the place of the 
spectator, T the top of the hill, AyuE a ray of light comtng 
from the top of the castle to the observer, and BarioE ano- 
ther ray coming from the bottom of the castle, and TxzE 
a ray from the summit of the hill, reaching the eye at E, in a 
direction between those of the other two rays ; then it is 
obvious that such a disposition of the rays will produce the 
observed appearance. In order to give such a refraction, 
the density of the air between yvE and must have 
varied with great rapidity, so as to increase the curvature 
of the ray TcczE, after it cuts BioE in x, in order to make 
the ray Txz'E fall between the other two rays. (See Edin^ 
burgh Transactions., vol vi., p, 245.) 

Some of the cases of mirage ascribed to unusual re- 
fraction have been produced by reflection from dense mist 
or fog in the atmosphere. Dr Buchan has described, in 
the Philosophical Transactions^ a remarkable case of this 
kind ; and another of peculiar interest was observed in 
Radnorshire on the 21st August 1851. A young lady, 
having left her party, ascended to the top of the Mynydot, 


a steep hill about 500 feet above the valley of New Radnor. Explana- 
About two o'clock, when the sun was bright and the day 
sultry, she picked some wild flowers on the top of the hill, 
and then descended to a spot from which she could see the 
carriage with her friends whom she had left. After waving 
her victorine, which she held in her hand, to her friends, 
she perceived, upon turning round, a figure standing a few 
yards from her upon a wet spot, from which a little thin 
mist was rising. The figure stood directly opposite to her, 
wavering a little ; and she did not recognise it to be her 
own image till she noticed that, like herself, it held a vic- 
torine and a bunch of flowers in its hand. The dress of 
the figure resembled her own, and the flowers were similar 
to those which she had gathered ; and the picture was so 
distinct that she could even see her own face. The effect, 
she said, was the same as if she had stood before a looking- 
glass, the figure moving its hand when she moved hers. 

The two ladies in the carriage at the bottom of the hill saw 
the image of the lady ; and they asked her, when she Joined 
them, who was her companion on the hill ! 

In the ordinary cases of mirage from unusual refraction, Lateral 
the refracted image is seen above the real one, either in- mirage, 
verted or erect, or both ; but cases of lateral mirage have 
occurred, in which the image is on the right or left side of 
the object. When any part of the ground has been heated 
by the sun, it forms in the atmosphere, on cooling, a column 
of heated air, which produces the phenomena of unusual 
refraction at its junction with the colder air around it. 

From this cause, ships on the Lake of Geneva have been 
seen doubled, and sailing at a considerable distance from 
each other ; and persons walking have been seen in dupli- 
cate. 


Sect F.— On the Coloues oe the Atmosphere. 

As the earth’s atmosphere acts upon light like all other Colours of 
transparent bodies, and is continually changing its chemical, «tino- 
mechanical, and hygrometrical condition, its action is mag- 
nified in very different ways under different circumstances. 

As the colour of the sky is absolutely black on the tops of 
the highest mountains, its blue colour in the regions which 
we inhabit is owing to the action of the atmosphere. 

That the blue light of the sky is light that has suffered 
reflection from the particles of our atmosphere is proved 
by the fact observed by Sir David Brewster, that this blue 
light is polarized in a plane passing through the observer’s 
eye and the sun. This fact is well illustrated by the dis- 
covery which we owe to the same author, of atmospheric 
lines in the spectrum formed by the blue sky. These lines 
are principally in the red or more refrangible spaces, as 
already described, and hence the prevailing light is blue. 

The splendid colours which mark the rising and the set- 
ting of the sun, varying from the deepest red to orange^ 
yellow^ and even green^ arise from the same cause j for 
when we analyze these various lights with the prism, we 
find that they are owing to different parts of the spectrum 
having been absorbed by the atmosphere. 

The phenomenon of blue shadows is finely seen when the Blue sha- 
sky is particularly blue. It arises solely from the shadows ^ows. 
being illuminated by the blue sky, while the part round the 
shadow is illuminated by the sun, or by the light of a candle. 

If the light of the sun passes at the time through vapours, 
so as to make it yellow or orange, the contrast of the sha- 
dow is still more striking and beautiful. The light of a 
candle which contains a great excess of red light, and which 
may be made to contain more by letting it burn with a long 
wick, exhibits along with the light of the sky the pheno- 
menon of blue shadows in great perfection. 

Much light has been thrown upon the subject of Professor 
the colours of the atmosphere by Professor Forbes, in 
able and interesting memoir, read to the Royal Society 
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Explana- of Edinburgh in 1839.^ In a previous communication ho 
tion of drawn the following conclusions from a series of iin- 


far below the horizon as just to render the point visible. In Explana- 
the latitude of St Andrews this neutral point is above the of 
Natural exoGriments ‘‘ On the Colour of Steam under cer- horizon all the day between the middle of November and ^«-tural 

PhenomenaP circumstances the end of January ; and in the rest of the year it never 
Steam, in its purely gaseous form, is colourless, — at rises till the sun is within 1 1° or 12“ of the horizon, and 
least at small thicknesses. 

“ 2. The orange red colour of steam by transmitted liglit 
appears to be due to a particular stage of the condensing 
process. Before condensation, it is colourless and trans- 
parent ; it is next transparent and smoke-coloured ; finally, 
it becomes colourless at small thicknesses, and absolutely 
opaque at greater. 

“ 3. The state of tension of the steam seems only to affect 
the phenomena so far as it renders the critical colorific stage 
of condensation more or less completely observable. 

“ 4. The absorptive action of steam on the spectrum is 
not exerted in the same way as that of other gaseous 
coloured bodies, such as nitrous acid gas and iodine vapour. 

It cuts off, however, totally the same part of the spectrum as 
nitrous acid does. Its phenomena, perhaps, have a greater 
analogy to those of opalescence than any other ” 

As the phenomena thus described do not require steam 
of high tension for their production, Professor Forbes 
thought it probable that the tints of sunset and artificial 
light seen through certain fogs may be owing to the absorp- 
tive action of watery vapour in this critical condition.”* 

This ingenious theory of atmospheric colour is ably sup- 
ported in his second paper, in which Professor Forbes dis- 
ctisses the various opinions on the colour of the sky and of 
the clouds which have been hitherto maintained. 

An instrument called a Cyanometer has been invented 
for measuring the blue colour of the sky. 

Sect F/.—* On the Polarization of the Atmosphere. 

Polariaa- The polarization of the atmosphere, — that is, of the blue 
tion of the ghy entirely free of clouds, — was observed and described 
by different philosophers both in France and England. 

Whatever reflects and refracts light necessarily polarizes it 
at an angle dependent on the index of refraction. Hence 
it follows, that the polarizing angle of air is a little above 
45°; and consequently, that, in tlie vicinity of the sun, and 
in the region 0 [)posite to him, the polarization should be a 
minimum, and a maximum in every part of a great circle 
distant a little more than 90® from the sun. 

Owing to the quantity of light polarized by refraction at 
every point where it is polarized by reflection, and to se- 
condary reflections within the atmosphere, the polarization 
is never complete in the great circle of 90° from the sun. It 
is equal only to a rotation of 30° of the plane of polarization, 
or what is produced by one reflection at an angle of 65^® 

Irom a surface of glass whose index of refraction is P483. 

The first important step in studying this subject was made 
by M. Arago, who discovered in the region opposite the 
sun a neutral point in which there was no polarization. It 
was situated 25° or 30° above the antisolar point, or the 
point 180° from the sun. Sir David Brewster found, that 
when the sun was in the horizon, rising or setting, this 
neutral point was 18-^-° above the antisolar point in the op- 
posite horizon. When the sun is 11° or 12° above the 
horizon, and the antisolar • point of course as much below 
if, the netitral point is in the horizon, and therefore only 
11° or 12° above the antisolar point. As the sun descends 
to the horizon, and the antisolar point rises, the distance 
of the neutral point from the latter gradually increases from 
its maximum 11° or 12°, till it becomes 18^° when the sun 
is in the horizon, and increases to 25° when the sun is so 


atmos' 

phere. 


Arago’a 

neutral 

point. 


never sets till the sun is 11° or 12° above the horizon. 

On the 8th of June 1841, Sir David Brewster discovered Secondary 
a secondary neutral point accompanying tliat of Arago. 
is best seen above the sea horizon. On the 21st April 1842, 
the secondary neutral point was 2° 50' high when the pri- 
mary neutral point was 15° above the horizon- These two 
neutral points were separated by negative or horizontal bands 
of negative polarization. When Arago’s neutral point rises, 
it does 7wt first appear in the horizon, but l-i° above it. 

M. Babinet discovered a second neutral point at 18|°Babinct*8 
above the sun when rising or setting. It is never seen so 
distinctly as that of Arago. When the sun is in the zenith, 
tl)is neutral point coincides with the sun ; and as the 8un'*s 
altitude diminishes, it retires from the sun, becomes 13° 
distant at an altitude of 65°, and it reaches the distance of 
18.]° at sunrise or sunset The secondary neutral point, 
which must accompany that of Babinet^ has not yet been 
observed. Calling x the distance of this point above the 
sun, and A the suifs altitude, w’e have x^‘ 18]-° cos A. 

A third neutral point, indicated by theory, was discovered Brewster’s 
beneath the sun by Sir David Brewster. This point is very 
difficult to be seen. It is invisible in our latitudes in 
months of November, December, and January, unless when, 
early in November and late in January, a higher degree of 
polarization in the sky brings it above the horizon at noon. 

When the sun is in the zenith, it coincides with his centre ; 
and at an altitude of 45° it is nearly T distant from him. 

The secondary neutral point which must accompany it has 
not yet been seen, and is not likely to be discovered in this 
climate. The distance x of this neutral point below the 

sun will be z being the zenith’s distance of 

tan z ” 

the neutral point. 

When the sun is in the zenith, and the neutral points of 
Babinet and Brewster united in his centre, the system of 
lines of equal j)olarization will be analogous to those of 
uniaxal crystals ; but in all other positions of the sun, the 
lines of equal polarization will resemble tho.se in biaxal 
crystals, the line joining the sun and the antisolar point 
correspondiiig with the line which bisects the optical or 
resultant axes of biaxal crystals, the neutral points corre- 
sponding wdth the centres of the systems of biaxal rings. 

In a normal condition of the atmosphere, the phenomena of 
atmospherical polarization maybe represented by the formula, 

R = 30° (sin D sin D'), 

in which R is the rotation or degree of polarization at any 
point of tlie sphere whose distance from the two neutral 
poiflts is D and D". 

By this formula, the lines of equal polarization would have 
the form of lemni$cates,Bs\xi biaxal crystals, and the maxi- 
mum polarization w^ould be in the horizon, and not in the 
zenith, whicli is contrary to observation. By making a 
correction depending on the zenith distance Z and the azi- 
muth A, the formula becomes 

Rc=33i°(sin D')-6° 34' (sin Z sin A). 

A map of the lines of equal polarization will be found in 
Johnston’s Physical Atlas, part vii.“ 

# 

Sect VIL — On the Colours of Natural Bojdies. 

The splendid colours which appear in, the natural world Coloar* of 
— natural 


Tram., vol. xiv., part it, pp. 375-391 ; or PAiX June 1839, vol. xiv,, p. 419. 

2 i^HVUag; Fel). 1839, vol. xiv., pp, 121-126. 

** See alflo PAiL Mag., Dec. 1847, vol. xxxi., p. 444; and Moigno’a Rtptrtoirei Ac., tom. iv., pp. 1639-1648. 
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Explana- have long attracted the attention of philosophers ; but no 
tion of person ever had the courage to give a philosophical theory 
Natural Qf gjj. iga^c Newton. When he had completed 

eno mena analysis of the colours of thin plates, he conceived that 
they furnished the true cause of the colours of natural bodies. 
If we take a thin film of mica, a few millionths of an inch 
in thickness, it appears to the eye of a bright blue colour. 
Sir Isaac Newton maintained, that if this film could be cut 
into a great number of minute parts of the same thickness 
as itself, these particles would “ keep their colour, and a 
heap of them constitute a mass or powder of the same colour 
which the plate exhibited before it was broken.” A plate 
of mica of a different thickness would be green, another 
yellow, and another red\ and all these, if broken down into 
particles “ of the same thickness with the plates,” would of 
course, according to our author, give a green, a yellow, or 
a red mass. 

We have already seen that different thicknesses of a trans- 
parent plate like mica give various orders of colours, each 
having a different tint corresponding with a particular thick- 
ness. Considering, then, the particles of all bodies whatever 
as transparent, and as having different sizes, they will produce 
colours corresponding to these different sizes ; and conse- 
quently we shall have as great a variety of tints in nature 
as there are varieties in the sizes of the particles of bodies. 
A difficulty, however, here presents itself. The colours 
arising from thin plates vary rapidly by inclining them to 
the incident light, whereas those of coloured media suffer 
no such change. Hence Sir Isaac Newton was driven to 
the supposition that the particles of bodies have such an 
enormous refractive power, that the paths of the rays re- 
fracted by a parallel film will not differ much in length from, 
and consequently not be very oblique to, a perpendicular 
line. After explaining this theory, Sir Isaac ventures to 
affix to different natural colours the order to which they 
belong, the very tint of that order, and consequently the 
thickness of the particles which produce the colour. He 
says, for example, that the green colour of all vegetables, 
the most general tint in nature, is a green of the third order, 
and that the blue colour of the sky is a blue of the first order. 
Now, we know the composition of z. green of the third order, 
and of a blue of the first order, as given by Sir Isaac New- 
ton himself. The green of the third order “is principally 
constituted of original green, but not without a mixture of 
some blue and yelloto that is, it consists of all the rays 
of the green space, with the least refrangible rays of the 
blue space, and the most refrangible rays of the yellow space, 
and it does not contain a single ray of indigo, violet, or any e, 
or red light. 

Green Such being the case, it occurred to Sir David Brewster 

colours of that the green colour of plants could be accurately analyzed 
plants. prism ; and having extracted, by means of alcohol, the 

green juice of a great variety of vegetable bodies, he ana- 
lyzed their colours by the prism. In all such bodies he 
ibund the composition of this green colour to be identically 
the same ; but it had no relation whatever to the green of the 
third order. It contained portions of all the colours of the 
spectrum ; and the prismatic spectrum seen through these 
green juices was divided unequally into six luminous bands 
of various breadths, separated by dark intervals.^ In the 
same manner he found that the blue colour of the sky was 
not a blue of the first order. 

From a series of experiments in which the same author 
has been engaged, he has been led to the conclusion that 
absorption is the cause of this extensive class of colours ; 
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and that all the colours of natural bodies arise from the in- Explana- 
terference of light, by which certain rays are extinguished, of 
When the interference takes place as in thin plates, be- 
tween the light reflected from the two surfaces, and be- 
tween the direct transmitted ray and other transmitted 
rays which suffer reflection within the thin plates, we have 
two colours complementary to each other ; but even in this 
case, when the number of films is great, as in decomposed 
glass, the transmitted colours lose all their resemblance to 
the colours of thin plates, while the reflected tints are ex- 
ceedingly brilliant and metallic in their lustre.® 

In coloured fluids and coloured glasses, and coloured 
gaseous media, the interference arises from rays that ac- 
quire different velocities in passing through the coloured 
medium, one part of the intromitted light passing through 
the particles, and the other through the intervening spaces. 

Hence there are no reflected tints in such coloured media.® 


Sect F//J.— On the Colouks of Dispersed Light 
WITHIN Solid and Fluid Bodies. 

In various solid and fluid bodies, coloured light is reflected Colours of 
from their interior when a colourless beam of light is trans- dispersed 
mitted through their mass. This light is produced by dif- 
ferent causes, often by vacuities of various forms sufficiently ^nd fluid 
small to reflect the colour of thin plates, as in Labrador bodies, 
spar, tabasheer, opals (precious and hydrophanous), and nu- 
merous chemical solutions. The colours, however, of which 
we mean to treat at present are of a different description, 
and have a different origin. 

The internal dispersion of light within fiuor spar (from 
which this class of dispersed colours has received from Pro- 
fessor Stokes the name of fiuorescence) was first observed 
by Sir David Brewster, who described it in 1838 to the 
meeting of the British Association at Newcastle.^ The 
light itself had been observed by others, but it was be- 
lieved to be external, and was ascribed by Sir John Her- 
schel to a structure of “ the surface of the spar, whether 
natural or artifical, which could not be removed by any 
polishing.”® By examining various specimens Sir David 
Brewster not only found that the predominant blue light 
in the spar from Alston Moor came from the interior of the 
mineral, but that different strata dispersed light of different 
colours , — blue light from some strata, pink from others, and 
xohite from others, alternating with strata which dispersed no 
light at all. The same property of dispersing light of dif- 
ferent colours he found in various coloured glasses, espe- 
cially in yellow Bohemian glass, called canary glass, which 
dispersed a fine green colour, and in some specimens of 
colourless plate and colourless flint-glass. The most beauti- 
ful example of the phenomenon he found in an alcoholic solu- 
tion of the green leaves of plants (the common laurel leafj 
for example, cut into shreds), which dispersed from its 
interior a blood-red light. The same property he found in 
guiacum, and in solutions of Colchicum autumnale, and suU 
phate of strychnine^ 

Chemists had long ago noticed the blue colour of a weak 
solution of sulphate of quinine, but Sir John HerscheP was 
the first person who examined it experimentally. He gave 
it the name of epipolism, from ^imroXT], a surface, believing 
it to be produced solely by the action of the surface. Upon 
examining it with a prism, he found it to consist of a 
“ small per centage of rays extending over a great range 
of refrangibility.” 


1 See Min, Frans,, vol. xii. .... ^ 

3 See Brewster’s Memoirs of Sir Isaac Newton, vol i., chap. viii. ^ Report, <fcc., 1838, p. 10. 

« Treatise on Light, § 1076. ^ 2Van«. 1846, vol. xvi., p. 111.^ 

^ Oo a case of Superficial Colour presented hv a Homogeneous Liquid internally Colourless,” Phil, Trans, 1845, part ii., p. 143 ; and 
On the Epipolic Dispersion of Light,” ibid., p. 147. 
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JBxplana- By transmitting a condensed beam of convergent light 
tion of through a vessel containing a solution svlphateof (ptinwiCy 
Natural Brewster found that the reflection was not super- 

Fheno m ena internal, as in fluor spar ; and upon analysing it with 

a prism, he found that the blue light gave a continuous 
spectrum deprived of the less refrangible redy nearly of the 
whole orange^ and all the yellow. A rich and broad band 
of fine green light, slightly fringed with red, passed into a 
copious indigo and violet, without the intermediate blue, 
the green extending over the blue and yellow spaces.^ 

In studying the nature of this hiternal dispersion. Pro- 
fessor Stokes of Cambridge has made the important dis- 
covery that the chemical rays in the spectrum between G 
and H produce in the quinine solution “light of a sky-blue 
colour, which emanate in all directions from the por- 
tion of the fluid which was under the influence of the 
incidental rays.^’ The fixed lines in the violet space, and 
in the region of invisible rays beyond the violet are 
represented in dark lines corresponding with those on E. 
Becquerel’smap of the fixed lines in the chemical spectrum. 
Regarding this blue light as the invisible rays rendered 
visible by internal dispersion, Professor Stokes came to 
the conclusion that the dispersing cause had changed the 
refrangibility of the exciting rays, and given them all the 
different colours of the spectrum} 

We have already seen that E. Becquerel found that the 
chemical rays beyond H rendered artificial phosphorus 
luminous, while those from H to A extinguished the phos- 
phorescence thus produced. 


Sect. IX. — On the Eye and on Vision. 


The eye In our article on Anatomy,® we have already given a full 
and vision, (description of the organ of vision, and Plate XXXIIL, fig. 

3, exhibits a fine section of the eye after Soemmering. 
The following dimensions of the eye have been given by 
Dr Thomas Young, the measures being taken with great 
care from his own eye : — 

lOOths of an inch. 


Length of optical axis 91 

Vertical chord of the cornea 45 

Versed sine of ditto., 11 

Horizontal chord of the cornea 49 

Aperture of the pupil seen through the cornea 27 to 13 

Diminished in consequence of the magnifying power of the 

cornea ...25 to 12 

Radius of the anterior surface of the crystalline lens.. 30 

Radius of the posterior surface 22 

Distance of the optical centre from the anterior surface of the 

lens 10 

Distance of the optical centre of the lens from the cornea 22 

Focal length of the cornea for objects 10 inches distant .115 

Joint focus of cornea and lens 91— 22 = 69 

Principal focal distance of lens 173 

Distance of the centre of the optic nerve from the point oppo- 
site the pupil 11 

Range of the eye, or field of vision 110 


The following measures of the crystalline lens and cornea 
were taken by Sir David Brewster and Dr Gordon from 
the eye of a female above fifty years of age, a few hours 
after death 


Diameter of the crystalline ,...0-378 

Diameter of the cornea 0*400 

Thickness of the crystalline 0’172 

Thickness of the cornea 0*042 


The following measures of the refractive powers of the 
humours of the eye were taken by the same authors from 
the same eye 

^ Index of Eefractlon. 


Refractive power of water 1 *3358 

Ditto of aqueous humour 1*3366 

Ditto of vitreous humour ....1*3394 
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Index of Eefraction. 

Refractive power of outer coat of crystalline 1*3767 

Ditto of middle coat of ditto 1-3786 

Ditto of central part of ditto 1*3990 

Ditto of the whole crystalline 1*3839 

The following measures may be occasionally useful ; — 

Index of Refraction. 

From aqueous humour into the crystalline 1*0466 

Do, do., taking the mean index of the crystalline... 1*035 3 
From the crystalline into the vitreous humour 0*930 

If we execute a large diagram of the eye, and by means Vision, 
of the above indices of refraction trace the progress of pa- 
rallel rays from the cornea to the retina, we shall find that 
they converge to points in or near to that membrane- The 
increase of density in the crystalline lens towards its cent e 
is calculated to correct the S[)herical aberration by bringing 
the central rays to the same focus with the marginal rays ; 
but there is no provision in the eye for correcting the aber- 
ration of colour, because the purposes of vision do not re- 
quire it to be corrected. It may be readily proved by trac- 
ing the rays diverging from both extremities of any object 
to the retina, and it may be also shown by direct experi- 
ment, that an inverted image of the object is formed upon 
that membrane. Now it is a law of vision, that when a ray ^^w of 
of light falls upon any point of the retina, the mind infers vision- 
that the ray proceeded from a point in some line perpendi- 
cular to that point of the retina. Hence, as rays from the 
upper part of an object fall upon the lower part of the retina, erect vi- 
and vice versa, such rays will seem to proceed from the up- bIoh. 
per part of the object, and all points of an object will be 
seen in the direction of the rays which issue from them, 
and consequently the object itself must appear erect, though 
its image is inverted. 

As it is a law of vision that an object seen with a single Single vL 
eye is seen in a fixed direction, arising from the form of the sion with 
retina as a whole, or from the form of its individual parts, two eyes, 
then if rays from the same object fall upon another eye, or 
upon a hundred other eyes which have the power of placing 
the retina of all the eyes so as to see the same object in the 
same direction, then the object thus seen must appear 
single. The only difference will be, that the object will be 
seen twice as bright with two eyes, and a hundred times as 
bright with a hundred eyes. If we place a hundred shil- 
lings in the same straight line, an eye whose axis coincides 
with the axis of the cylinder which they compose will only 
see one shilling, and the same effect would be produced if 
the shillings were transparent. If the hundred eyes were 
placed with their axes an a hundred different directions, a 
hundred objects will be seen. Small objects are seen 
double, and even triple, with one eye when the crystalline 
lens is not uniform in its refractive power. 

The subject of binocular vision will be treated of under 
the article Stereoscope. 

The defect of squinting may arise from several causes. It Origin of 
may bean original defect, in which the axis of the eye, oraqumting. 
the light in which objects are seen most distinctly, does not 
pass through the centre of the pupil. In this case it is 
incurable ; but it is, generally speaking, a disease arising 
from an imperfection in one eye, from its having a different 
focal lengtn from the other, from its giving a less distinct 
vision of objects, or from its muscles not being able to 
direct it as quickly as the other to visible objects. The 
consequence of this is, that as the observer can do without 
it, and uses only his best eye, the imperfect one does not 
follow the movements of the other, and therefore squints. 

When we wish to see any object very distinctly, we inva- indistinct- 
riably direct it to the axis of the eye, and it is a curious feet ness of 
that there is no retina at the point where the axis meets the oblique vi- 
back of the eye, the foramen eentrale corresponding to the 
extremity of the axis. When the eye thus sees an object 
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1 Edin. Trans. 1846, vol. xvi., p. 111. 


2 PhU, Trans, 1852, pp. 463-562. 


® VoL iii., p. 43. 
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Explana- with perfect distinctness, every other point of the same ob- 
tion of ject is seen indistinctly, and there is no adjustment of the 
Phenomena by which distinctness of vision can be obtained at any 
V , distance from the axis of the eye, the only way of seeing 
distinctly being to direct the axis to the point we wish to 
examine. 

Indistinct The opinion that the retina, though sensible to light, does 
f perfectly distinct vision, is favoured by the fact, 

the optL° image of any object falls upon the round 

nerve. nerve (shown in Plate XXXIIL, fig. 3 of 

Anatomy), the object is not distinctly visible. This may be 
easily proved by fixing on the wall of a room, at the height 
of the eye, three wafers, each two feet distant. Stand in 
front of the middle wafer with one eye shut, and beginning 
near the wall, withdraw gradually from it (continuing to 
view the left hand wafer if the right eye is open, and the 
right hand wafer if the left eye is open), till the middle 
wafer vanishes. This will be found to take place at five 
times the distance from the wall at which the wafers are 
placed,— "that is, at the distance of ten feet in the present 
case. If we use three candles, the middle one will not 
vanish like the wafer, but will become a cloudy mass of light. 
Occasional The occasional insensibility of the retina to objects 
insensibil- seen obliquely was discovered by Sir David Brewster, 
^e^ina^in illustrated it in the following manner: — If we 

oblique*^ fix one eye on a particular point, such as the head of a pin 
vision. stuck into a green cloth, and lay down a quill or strip of 
paper upon the green cloth, some inches distant from the 
pin, and then keep looking steadily at the pin's head, part 
of the quill, or the whole of it, will occasionally disappear, 
as if it had been wholly removed from the cloth. In a short 
time it will reappear, and again vanish. The very same 
efiect is produced, though less readily, when both eyes are 
used, and when a luminous body is used in place of the quill. 
In this case the luminous body does not disappear, but ex- 
pands into a mass of nebulous light, which is of a bluish 
white colour, encircled with a bright ring of yellow light. 
Superior though we cannot see objects distinctly by oblique 

brightness yg|. appear much brighter, and minute objects, 

seen ob- especially luminous ones, are more easily seen, by turning 
liquely. the axis of the eye away from them. Various astronomers 
have found that very faint stars, and the satellites of Saturn, 
which disappear when the eye is turned fully upon 
them, may be distinctly seen by directing the eye to an- 
other part of the field. This effect seems to arise from the 
expansion and enlargement of luminous points seen 
obliquely.^ 

On the seat It has long been disputed, but the question has not been 
of vision, much agitated in modern times, whether the retina or the 
choroid coat behind it is the seat of vision. The insensi- 
bility of the base of the optic nerve, and the fact that vision 
is most distinct where there is no retina, are arguments in 
favour of the choroid coat being the seat of vision, as 
l\fariotte believed. The transparency of the retina, and 
the opacity of the choroid coat, were considered as addi- 
tional arguments in favour of that opinion. Dr Knox has 
shown that in the eye of the cuttle-fish there is a membran- 
ous opaque pigment in front of the retina ; so that in this 
case the retina must jeceive the influence of lig'ht from the 
vibrations of this membrane, just as it may receive them in 
other cases from the same membrane placed behind it. 

Some light has been recently thrown upon this subject 
by an experiment whicli we owe to Sir David Brewster, in 
which the foramen in the retina can be rendered distinctly 
visible. If, when the eye has been for some time in a state of 
repose, either by shutting it or remaining a short time in the 
dark, we direct it to a feebly-illuminated surface, we shall 
see, upon opening it, a dark brown or reddish circular spot 
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which quickly disappears, and which may be renewed by Explana- 
again closing and opening the eye. If, in place of being 
rested, the sensibility of the eye had been reduced by 
exposure to much light, the circular spot would have been ^ 
bright, and more luminous than the illuminated surface. 

As the choroid coat lies behind the retina, and gives the 
vision of objects, whose images fall upon the foramen of the 
retina, it follows from the first experiment that the retina 
is more quickly affected with light than the choroid coat, 
and from the second, that the choroid coat is more readily 
impressed with light. The diameter of the foramen is 
about the 35th of an inch, and the angle subtended by the 
dark circular spot is about 4^®, which corresponds with the 
other measure.^ 

In a very remarkable case, where the retina had been 
permanently rendered insensible by a blow on the head, Sir 
David Brewster found that vision was perfect over the 
space occupied by the foramen centrale; that is, when the 
image was received on the exposed part of the choroid. 

When a person was near the patient, he could only see his 
nose, or eye, or mouth, or a small portion of his face or 
figure; but he could recognise a friend at a distance 
when the whole of his face was included within a cone 
which bore to the foramen an angle of 4^®.® The very same 
result was obtained in another case where the retina was 
only temporarily insensible. 

The insensibility of the retina to direct impressions of insensibili- 
faint light was discovered by Sir David Brewster,* who ty of the 
found that when the eye directed its axis to objects faintly t-o di- 
illuminated, it could not keep up a sustained vision of 
them. They disappeared and reappeared, and the eye was 
thrown into a state of painful agitation. 

When we shut the eye quickly after looking at an object, Daration 
we see it for an instant (about the seventh part of a second) of impres- 
in its own colours ; but this impression is instantly followed ®ions on 
by an image of the object in its complementary colours. retina. 
If we look at a window at the end of a long passage, we 
first see, after shutting our eyes, a picture of the window, 
with black bars and white panes ; but after the seventh of 
a second the picture is one with white bars and black panes. 

When we whirl a burning stick, we see a complete circle 
of red light, although the burning end of the stick can only 
be in one part of the circle at the same instant. 

When objects are placed at different distances, the focus Accommo- 
or point of distinct vision in the eye must vary. We feel dation of 
that the eye has the power of adapting itself to these^^®®y®to 
different distances so as to make the picture on the 
always distinct. How this is done has been long a matter ^ 
in dispute. There can be no doubt, however, that tlie first 
step in the process is the variation of the pupil, which seems 
by a mechanism at the base of the iris to increase the 
distance of the lens from the retina. 

At the age of about forty the eye loses this power ofLongsight- 
adaptation in consequence of the flattening of the crys- edness. 
talline lens, which renders it necessary to use a convex 
glass, which just compensates the flatness of the lens, and 
permits the eye to adjust itself as formerly. The opposite shortsight- 
state of the eye, not produced by age, but rather diminished edness. 
by it, is common even in young persons, arising either from 
a too great convexity or refractive power in the lens, or too 
great convexity in the cornea. In this state of the eye, the 
image is formed in front of the retina and a concave lens 
is necessary to correct it. This is called short-sightedness, 
which almost always decreases by age, in consequence of 
the crystalline lens becoming flatter. 

When the eye looks steadily at a bright-coloured red Ocular 
wafer, and then looks at the white paper on which the wafer spectra, or 

lies, it will see for a while a green one, the gr^en being the ttccideutal 
~ colours. 


1 See Lond. and Edin, Phih Mag.^ Sept. 1832, p. 169. 
® R^ort of Brit. JUsoc, 1862. 


2 Report of Brit, Assoc, 1848, pp. 48, 49. 
^ Edin, Jour, of SciencSj Xo. vi., p. 288. 
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Optical Tn- accidental colour, or the cowpleynentctr^ one to the red. 
struments. image is called an ocular spectrum, as it has no 

'^'****V*^^ real existence. The accidental colours and the original 
colours are the same as those given in Newton’s Table, p. 
604, where the reflected tints correspond with the original' 
or red colour of the wafer, and the transmitted ones to the 
accidental colour, or mce ve^'sa ; so that we can determine 
from that table the accidental colours of any coloured 
object upon which the eye may look steadily. 

When the eye looks at the sun, or a bright image of it, 
the ocular spectrum is not black, but of various colours in 
succession, each colour being surrounded with a rim of its 
accidental colour. 

Colours The following beautiful experiment, showing the effect 
produced jjj diminishing the sensibility of the retina to par- 

by the un- colours, we owe to Mr Smith, surgeon at Fochabers. 

tion\f Hold a slip of white paper vertically about a foot from the 
light on the eye, and direct both eyes to an object beyond it, the slip 
eyes. will appear double, and the two images equally white. 

Let a candle be brought near the right eye, so as to act 
strongly upon it without affecting the left, then the 
image of the paper, or that seen by the right eye, will grow 
green, and the right hand image, or that seen by the left 
eye, will grow red, forming a beautiful conti-ast of colours. 
If the candle is brought round to the left eye, the images 
will first become of the same whitish colour, and then the 
right hand one will become green, and the left hand one redJ^ 
Insensibi- The insensibility of the eye to particular colours is far 
lity of the from being uncommon. Professor Dugald Stewart, Dr Dal- 
eye topar- ]y[j. Troughton were unable to distinguish the 

louw colours at the red end of the spectrum. All red objects 
appeared green, owing to the insensibility of their retinas 
to red colours. This subject has already been treated of in 
our article on Coloues, vol. vii., p. 153. (See Dr George 
Wilson’s interesting volume On Colour Blindness.) 


2. On the Camera Obscura. Optical In- 

We have already explained the principle of the camera 
ohscura in treating of the images formed by convex lenses. 

The instrument is indeed nothing more than a convex lens 
placed in a suitable box, on the side or bottom of which an °*^**^* 
image of external objects is formed by the lens. 

A convenient portable camera obscura for drawing ob- 
jects is shown in fig. 277. The 
external object or landscape is 
reflected down into the lens AB 
by an inclined mirror CD. The 
rays thus falling vertically upon 
tlie lens are refracted to their 
foci, and form a distinct image of 
the landscape on tlie paper placed 
at EF. On one side of the box 
there is an opening through wliich 
the observer introduces his head 
and hand, care being taken, by a 
curtain of black cloth behind him, 
to exclude all extraneous light. 

M. Cauchoix of Paris has found Fig. 277. 

that the best form of the lens for a camera is a meniscus 
having ibJ convex surface towards the image, and its con- 
cave surface towards the object, and their radii of curvature 
as 5 to S. 



As an instrument essential in photography, the camera 
obscura has become one of the most important of 
our optical instruments, both in a scientific and commercial 
point of view. The most distinguished professional 
opticians have vied with each other in bringing it to per- 
fection and from the condition of a toy, it ranks in im* 
portance with the microscope and the telescope. In the 
article Photography will be found drawings and descrip- 
tions of the most approved cameras. 


Pakt ix.—pesceiption of optical 

INSTRUMENTS. 

Optical in- The great number of optical instruments which have 
strumeatfl. described in different parts of this work renders it 
scarcely necessary to treat this subject in the general 
article. Under the articles Burning Glasses, Camera 
Lucida, Kaleidoscope, Micrometer, Microscope, Pho- 
tometers, and Telescope, the reader will find some of 
the information which he might have expected here. There 
are instruments, however, so intimately connected with 
optics, and not previously described, which we must shortly 
notice, namely, the Cylindrical Mirror, CameraObscura, 
the Magic Lantern, and the Phantasmagoric Machine. 


1. Cylindrical Mirror. 


Cylindrical 

mirrors. 


We have already (see p. 556) described the principle of 
cylindrical mirrors. If we 
suppose one of these mirrors, 

AB, fig. 276, to be placed on 
a table with the portrait of 
any person laid before it on 
the table, the reflected pic- 
ture of the portrait in the 
cylindrical mirror will be dis- 
torted. If we take an accu- M 
rate drawing of this distorted f 
picture, and lay it before a 
cylindrical mirror, as shown 
at MN, where the human 
form can scarcely be recog- 
nised, we shall see in the 
cylindrical mirror its image reduced to symmetry. 



3. On the Magic Lantern, 

The magic lantern, an invention of tlie celebrated Magic Ian- 
Athanasius Kircher, is shown in fig. 278. It consists merely tern. 



of a lens AB, which forms on the wall of a dark room a pic- 
ture of any object plac- 
ed before it, and at a 
greater distance than 
its anterior principal fo- 
cus. The light ofanAr- 
gand lamp is thrown in 279 . 

a condensed state by the illuminating lens D (figs. 279,280), 
upon transpa- 
rent varnished 
pictures painted 
on long sliders 
(fig. 281). The 
lens AB forms a FSff- 280 . 

large circle of light upon the wall, which, if it is not smooth 





^ An analysis of this and similar experiments will he found in the Zond. and Zdin, Phil. Jifag. 3832. p. 249 
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Optical In- and white, should be covered with a white, smooth cloth, and 
struments, the images of the coloured figure appear within this circle. 

A magic lantern is the same as a solar microscope, the 
sun being used for the source of light in the latter case, and 
natural objects in place of pictures. The solar camera 
microscope, invented by Dr Goring, and fully described in 
our article Microscope, vol. xiv., p. 791, and the oxyhy- 
drogen microscope, described in the same article, maybe con- 
sidered as the most perfect magic lanterns that have been 
constructed, there being no difficulty in adapting them to give 
magnified representations of minute transparent paintings. 


4. On the Phantasmagoric Apparatus, Optical In- 

ruments. 

The apparatus for the phantasmagoria, or the raising of 
spectres, is nothing more than a magic lantern mounted Phantas- 
upon wheels, which, in place of throwing its pictures magoric 
upon an opaque white ground, upon which the spectator apparatus, 
looks, throws them upon one side of an imperfectly 
transparent screen, the spectator viewing them on the 
other side of the screen. The direct light of a lamp A, 

(fig. 282), and the light reflected from the concave mirror 
B, is thrown upon the two illuminating lenses C, D, which 



condense it, and thus strongly illuminate the spectres and 
figures painted upon sliders at E. These sliders are placed 
a little before the anterior focus of the magnifying lens F, 
which forms a highly-magnified picture of the figures on 
the transparent screen at G. When this apparatus is mounted 
upon a carriage with wheels, as at H, it may be made to ap- 
proach to, or recede from, the screen G, in consequence of 
which the figures may be made to contract into dwarfs, dis- 
appearing in a point of light, or swell out into giants of enor- 
mous magnitude. In order, however, to have the pictures 
distinct at different distances of the apparatus from the screen, 
an adjustment is necessary, to make the distance EF 
increase as the apparatus approaches to G, and diminish 
as it recedes from it. With this view, the lens F is fixed 
to a slider, which may be drawn out by the general frame 
H. When this frame H is drawn away from the screen, 
the point K is brought lower by means of the rod IK, con- 
nected with another rod KN fixed to the frame of the 
screen at N, where there is a joint or centre of motion. 
The descent of the point K causes another lever KL to 
move the horizontal slider (which carries the lens F) in 
such a manner as to keep the screen always in the focus 
of F, and consequently the picture upon it always distinct. 
When the frame H, on the other hand, advances to the 
screen, the point K rises, and the lens F is again adjusted 
by the motion of the slider. When the images diminish 
and appear to vanish, the support of the lens F permits the 
screen M to fall and intercept part of the light. The 
screen M may have a triangular opening, so as to uncover 
the middle only of the lens F. In this adjusting apparatus 
the rods KN and KL must be equal, and the point I must 
be twice the focal length of the lens F before the object, 
L being immediately under the focus of the lens. The 
object of the screen M is to diminish the illumination of 
the objects as they get smaller and appear to retire from 
the spectator, because in the instrument they actually 
become brighter. 

When M. Kobertson exhibited this remarkable instru- 
ment, living persons were often strongly illdminated and 
introduced into the picture. The effect of life, however, 
was better given when the shadows of living objects only 
were introduced. 

VOL, XVI. 


5. On the Thaumatrope or Wonder-Turner, 

The Thaumatrope or wonder-turner, invented by DrThanma- 
Paris, is a circular card with two strings made to whirl it 
rapidly round one of its diameters. If we draw a cage on 
one side of the card, and a bird on the other, and whirl the 
card round, we shall see the bird within the cage, the retina 
retaining the impression of both pictures, even when none 
of them are seen, which is the case when the edge of the 
card is directed to the eye. 

6. On the Phenahistoscope or Magic Disc, 

This instrument was, we believe, originally invented by Pbenakis. 
Dr Roget, and improved by M. Plateau, at Brussels, and toscope or 
Dr Faraday. It consists of a circular disc from six to 
twelve inches in diameter, with rectilineal apertures on its 
margin in the direction of its radii. A series of figures — 
of a rider, for example, leaping a fence — is drawn on the 
circumference of a circle parallel to the rim of the disc. 

The first figure represents the rider and horse standing be- 
fore the fence, and the last figure represents them stand- 
ing over the fence when the leap is completed. Between 
these two figures there are several others, representing 
the rider and the horse in different parts of the leap. The 
observer then stands in front of a looking-glass, with the 
disc in his left hand, attached to a handle, and by a piece 
of simple mechanism he whirls it rapidly round, looking at 
its image in the glass through the notches in its margin. 

He is then surprised to see the horse and his rider actually 
leaping the fence, as if they were alive, and returning and 
leaping again as the disc revolves. If we look over the 
margin of the disc, at the reflected picture on the face of 
the disc, all the figures are effaced, and entirely invisible ; 
but when we look through the notches, we only see the 
figure of the horse and the rider at the instant the notch or 
aperture passes the eye, so that the picture instantaneously 
formed on the retina is not obliterated by preceding or 
subsequent impressions. Hence the eye receives in suc- 
cession the pictures of the horse and rider in all the atti- 
tudes of the leap, which are blended, as it were, into one 
action. The apparent velocity with which the horse and 
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Optimism rider advances (supposing the disc always to have the same 
velocity) depends on the proportion between the number 
Oracle. apertures in the margin of the disc and the number of 
figures of the horse and rider. 

If we use a disc with three concentric circles of aper- 
tures, each containing different numbers— 8, 10, and 12, 
for example ; then, considering that these apertures revolve 
in the opposite direction in the reflected image, it is obvious 
that when we look through the circle of 10, which moves 
from left to right at the image of 10, revolving in the 
mirror from right to left, these opposite motions will 
destroy each other, and the circle of 10 apertures will 
appear to stand still in the picture. On the other hand, 
tlie circle of 12 apertures will always gain upon the one 
of 10, from which we look, and will appear to move from 
left to right with the difference of the velocities of the 
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two, while the one of 8 wdll move backwards with the same Oracle, 
difference. 

If we whirl a disc containing any word or figure upon it, 
without using a reflector, all is confused, and we cannot read 
the word or see the figure. Let it be whirled, however, in 
the dark, and let a spark of electricity, or the light of a little 
inflamed gunpowder, or of a percussion-cap, illuminate the 
disc, which it does only for an instant, and during that short 
instant the word or figure will be seen to stop, and we shall 
read the one and see the other with great distinctness. 

(For further information on the subject of this article, 
see AsTEOMOJvnr, vol. iv., p. ol, chap. iv. ; Achhomatic 
Telescopes, Buenino Glasses, Cameua Lucida, Chro- 
matics, Colours, Kaleidoscope, Meteorology, Mi- 
crometer, Microscope, Photography, Photometer, 
Stereoscope, and Telescope.) (d. b.) 


OPTIMISM is that philosophical doctrine which, start- 
ing from the absolute perfection of Deity, attributes to the 
universe, bis work, the greatest possible perfection. This 
theory is to be found in some form or other in almost all 
the great speculative schools of antiquity, and especially 
among the philosophers of the Academy, of the Porch, and 
of Alexandria. Anselm and Aquinas were its chief advo- 
cates in the middle ages; its grandest developments, how- 
ever, belong to modern times, and, in particular, to the 
schools of Descartes and Leibnitz* The splendid scheme 
of optimism advocated by the latter in his Essais de Thi- 
odic4e is well known. (See Dissertation First, part ii.) 

OK (Fr. gold)f one of the metals used in blazonry. 
(See Heraldry.) 

ORA, an old Saxon coin, (See Coinage.) 

ORACLE (Latin, oraculum, from oris, of the mouth) 
is a term applied in antsient divination to the response of a 
deity, to the deity responding, or to the place where the 
response is delivered. The ixavreiov and )(pyj<jrripiQv of the 
Greeks were employed with nearly the same latitude of 
meaifing ; for they were used both for oracular responses 
and for the seat of the oracle. The origin of the belief in 
oracles may no doubt be traced to that desire to penetrate 
the mysteries of the future so characteristic of man in all 
stages of his development. And not only were oracular 
responses sought after as a means of gratifying this universal 
curiosity ; they were also prized for the divine sanction 
which they lent to the undertakings of men. Jove, as the 
father and ruler both of gods and men, was, to the mind of 
a Greek or a Roman, the ultimate source of all divine re- 
velations. But so far was he removed above the little affairs of 
men, that otlier lesser deities, and even heroes, had to be em- 
ployed to transmit his will to earth. The oracles of Zeus were 
accordingly few, while those of other gods were very 
numerous. 

The most elaborate oracular system of ancient times was 
to be found among the Greeks. What with Sibylline 
books, auguries, haruspices, and the like, the Roman did 
not find it necessary to call in the aid of oracular responses 
^ to disclose to him the future. The most celebrated oracles 
of the former people were those of Apollo. There are on 
record no fewer than twenty-two oracles at which this 
deity was consulted. These were Delphi, Abae in Phocis, 
Ptoon in Thebes, Ismeniop in Bceotia, Hysiae in Attica, 
Tegyra in Bceotia, Eutresis near Leuctra, Orbiae in Euboea, 
the Lyceum at Argos, the Acropolis of Argos, Didyma 
in Miletus, Claros in Colophon, Grynea among the My- 
rinaeans, Lesbos, Abdera, Delos, Patara in Lycia, Telmes- 
^s, Cilicia (two), Hybla in Caria, and Hiera Kome on the 
River Maeander. Of these oracles to Apollo, by far the 
most famous was that of Delphi. (For a fiill account of this 
celebrated oracle, see the article Delphi.) 

The revelations of Apollo were for the most part given 


by inspiration, while those of Jupiter w^ere merely signs, 
which mortals had to interpret as best they could. (For the 
oracles of Zeus, see Dodona and Olympia.) There was 
also an oracle to Jupiter Ammon in Libya, which had a 
considerable reputation (Herod, ii. 29, &c. ; also iv. 181). 

At Patrae in Achaia oracles were given by Demeter or 
Ceres concerning the recovery or death of the sick. In 
the centre of the market-place at Pharm, in the same district, 
stood an altar to Hermes or Mercury, at which that deity 
was supposed to give responses to questions whispered in 
his ear. At Charax in Caria, was an oracle of Pluto and 
Cora, with a cave adjoining, in which sick persons Aept and 
had cures revealed to them in their dreams. 

In addition to those oracles of the lesser deities, the 
Greeks also consulted the oracles of certain heroes of dis- 
tinction. Such were the oracles of Amphiaraus, near 
Thebes, and at Oropus (Herod, viii. 134) ; of Amphilochus 
at Mallos in Cilicia ; of Trophimus at Lebadcia in Bmotia 
(Pausanias ix, 37, &c.) ; of Chalcas in Daunia; of Aesculapius 
at Epidaurus, and elsewhere ; of Hercules at Bura in Achaia; 
of Pasiphae at Thalamiie ; and of Phrixus in Iberia. 

While the Greeks, as a rule, had recourse to oracles to 
discover the will of the gods, the Romans, on the other 
hand, trusted more to augury and the Sibylline books, 
for their knowledge of the future. The only Roman oracles 
wiUi which we arc acquainted were those of Faunus, near 
the Tibur, and on the Aventine; of Fortuna at Antium, 
Prseneste, and elsewhere ; and of Mars at Tiora Matiena. 

Oracular responses were given for the most part in Ionic 
hexameters, partly because the answers of the deity were 
thus rendered more venerable, and partly because verse 
had the advantage of being easily remembered. These 
oracular verses, however, exhibited occasional metrical 
defects, — and this even at the oracle of Apollo — which 
provoked the satirical remark, that the god of verse was 
sadly deficient in poetical accomplishment himself. To 
prevent this scandal, it is said that the responses were stib- 
sequently given in prose, and in the Doric dialect. These 
responses, as might naturally be expected, were notorious for 
their want of meaning, obscurity, or equivocation. Ample 
latitude was generally given for personal preference in in- 
terpreting them, and when they were at all intelligible, 
they generally displayed such an exquisite ambiguity that 
it was impossible tor mortals to tell what they meant, or for 
the event to turn out different from some of tlieir possible 
interpretations. The inodes in which these deliverances 
were given were very various. At Delphi, they were ntr 
tered by the Pythia; at Dodona, they issued from a hollow 
rock; at the oracle of Jupiter Ammon, they were pro- 
nounced by the priests, who were very numerous. Painted 
^ce yfere sometimes employed, as at Bum; and lots, some- 
rimes consisting of lettered sri(^ of oak, were made ufse 
as in the case of the Italian oracle of Prseneste. A ve)py 
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frequent mode of oracular communication was through 
dreams, visions, and preternatural voices. 

The Urim and Thummim, and the Bath Kol of the 
Jews, are supposed by many to have borne a peculiar re- 
semblance to the heathen oracle. (See Kitto’s Cyclopcadia 
of Biblical Literature^ 

It was during the most flourishing period of Grecian 
history that oracles were held in greatest reverence and 
esteem. Every enterprise, no matter how private or trifling, 
had to receive the divine oracular sanction before it could 
be engaged in. Gradually, however, these mysterious de- 
liverances lost their hold upon the public faith. The scep- 
tical few always secretly ridiculed them as the offspring of 
subtle, unscrupulous priests. The philosopher smiled at 
them as a fresh illustration of human folly ; and the poli- 
tician, who held them in secret contempt, yet regarded 
them with public favour as a means of advancing his own 
designs. (See Cicero, De Divinatione^ On what ac- 
count, Labienus,” says Cato, in that celebrated passage of 
Lucan’s Pharsalia^ lib. ix., would you have me consult 
Jove ? . . . . Let us not ask him to repeat to us what he 
has sufficiently written on our hearts. Truth hath not re- 
tired into these deserts : it is not recorded on the sands of 
Libya. Let the irresolute and unstable have recourse to 
oracles ; for my part, I can extract the most steadfast resolu- 
tion from everything in nature. Death comes to the cow- 
ard as well as the brave. Jupiter can tell us no more.” 

While some have believed in the genuine divinity of ora- 
cular responses, and others have scouted them as the inven- 
tions of designing men, a third party have attributed them to 
the influence of the devil. The latter view was entertained 
by the Christian fathers ; the second is maintained by Hiill- 
mann {Wurdigung des Delphischen Orakels^ Bonn, 1837), 
at the present day ; while the first finds a partial advocate 
in Klansen. (See art. ‘‘ Orakel” in Ersch and Gruber’s En- 
(^clopddie). Much controversy has also been created re- 
specting the period at which oracles ceased altogether to 
give forth their deliverances. Eusebius advanced the 
opinion, and the majority of Christian writers have followed 
him, that all oracles became silent at the . birth of Christ. 
Milton has adopted this view in his grand Hymn of the 
Nativity, But traces remain of their having been consulted 
as late as 358 A.i). ; and edicts arfe known to have been 
issued against them by the emperors Theodosius, Gratian, 
and Valentinian. Oracles had long before lost their hold 
on the public, however, and what faint traces of the super- 
stition still lurked in remote corners gradually disappeared 
before the superior light of Christianity. 

(On the general subject of Greek and Roman oracles, 
see Wachsmuth, Hellen, Alt,^ vol. ii.; Hartung, DieBelig. 
der Romero Niebuhr’s History of Borne; and the -EVzcyc/o- 
pidie Moderne. Also the works of Daniel Clusens (1673), 
Anton Van Dale (1683), E. Dickinson (1686), Fontenelle 
(1687), J. C. Bulenger (1699), and Clavier (1819). 9n 
the Delphic oracle, see the works of C. F. Wilster, Pio- 
trowski, and W. Gotte; also those of Hiillmann and Klausen, 
already referred to. On the oracle at Dodona, see the 
works of Cordes, Arneth, and Lassaulx.) 

ORAN, a seaport-town of Algeria, capital of a military 
division and of a prefecture, stands at the head of a bay on 
the Mediterranean, 209 miles W.S.W. of Algiers ; N. Lat. 
35. 44., W. Long. 0. 41. It is built on the two slopes of a 
ravine, which is traversed by a stream, here crossed by two 
bridges. As it is for the pniost part of modem origin, the 
streets are regular, and lined with handsome buildings. 
The defences of the place consist of three forts, wMch com-r 
mand the roadstead of Oran, and the road to the neigh- 
bouring harbour of Mers-el-Kebir, one of the best on this 
coast. The parish church was originally a Mohammedan 
mosque ; and another church, now connected with an hos.- 
pital, was built by the Spaniards in the ti&e of Charles V. 
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There are also an arsenal, artillery and cavalry barracKS, and Orange 
some fine gardens. The roadstead at Oran is bad and un- II 
sheltered ; but the harbour]of Mers-el-Kebir is only 3 miles 
to the north of the town. By means of this port a con- ^ ^ 

siderable trade is carried on with Morocco and Spain. 

Oran was taken by the Spaniards in 1509, and occupied by 
them till 1708. They again obtained possession of the 
town in 1732; but in 1790 it was much injured by an 
earthquake, and more so by the Moors, who besieged the 
town, and compelled the Spaniards to surrender it. When 
the French, in 1830, established themselves here, it was in 
a very ruinous condition. It is now, however, the second 
Christian city in Algeria, with a population of 20,775, of 
whom 13,560 are Europeans. 

ORANGE, a town of France, capital of an arrondisse- 
ment of the same name, in the department of Vaucluse, in 
the middle of a beautiful and fertile plain, about 3 miles 
from the left bank of the Rhone, and 13 north of Avignon. 

Many of the houses are handsome ; but the streets are nar- 
row, crooked, and not well kept. There are several ele- 
gant public fountains, well supplied with water. The 
most remarkable and splendid buildings are those which 
have remained from the time of the Romans, under whom 
Orange was known by the name o^Arausio. About one- 
fourth of a mile from the town stands a triumphal arch in 
very good preservation, built of limestone of a deep yellow 
tint, in the Corinthian style of architecture. It has one 
central archway, with two smaller ones at the sides, and is 
profusely adorned with sculptures of naval trophies. No in- 
scription can be traced on the arch, except the single word 
“Mario,” which has led to the supposition that it was 
erected to commemorate the victory of Marius over the 
Teutones at Aix in 102 b.o. ; but it is with probability be- 
lieved that the arch is of much later date. , The Roman 
theatre stands on the slope, and at the foot of a hill at the 
other end of the town, and is of semicircular form. The 
chord of the semicircle is formed by a colossal, wall 121 
feet high, 334 long, and 13 thick. The exterior of this 
wall forms a magnificent front of five stories, with a large 
central archway supported by Corinthian pillars. In the 
interior are to be seen all the parts of an ancient theatre, 
though entirely stripped of its ornaments. Near the theatre 
are the remains of an ancient circus; and many sculp- 
tures, pillars, and slabs of marble have been found in ’ 
the town. There are still some traces of the walls that 
surrounded the ancient Arausio, which, from the extent 
of these defences, may have contained a population of 

40.000. The modern town contains a court of the first 
instance, a council of prudhommes^ a public library, col- 
lege, &c. In the middle ages, Orange was the capital of 
a small independent principality, which belonged to several 
families, and finally to that of Nassau. The territory was 
ceded to France by Frederick William of Prussia at the 
treaty of Utrecht ; but the title has still continued in the 
family of Nassau, and is now borne by the' heir to the 
throne of Holland. Orange has manufactures of silks, cot- 
tons, handkerchiefs, serge, &c. ; and there is some trade in 
corn, wine, brandy, oil, honey, and wool. Pop. (1856) of 
the town, 9685 ; of the arrondissement, 75,260. 

ORAif^B River, or Gariep^ a river of South Africa, 
bounding Cape Colony on the north, rises about 10,000 
feet above the level of the sea, in S. Lat. 28. 40., E. Long. 

28. 30., and flows first S.W., then N.W.,, and finally west- 
ward, in an irregular course, till it falls into the Atlantic, 

S. Lat. 28. 30., E. Long.|l6. 30. Gold and copper ore 
have been found near its banks. ^ The Orange River re- 
ceives several tributaries, both from the north and from the 
south. The largest of these is the Ky-Gariep, Vaal, or 
Yellow River, from the north, which has a longer course 
than the Orange River itself. The Kuruman, and the 
Borradaile or Fish River, also join it from the north; and the 
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Orange Hartebeest or Visch River from the south. The length of the 
River So- source of the Vaal to the sea, is 1000 miles, 

vereipty Riveb Sovureiontt, a tract of country lying 

Or?ivlcza between the rivers Orange and Vaal, to the N.E. of Cape 
. 3 Colony, having an extent of 60,000 square miles. It was 

made a British territory in 1848, but was abandoned in 1854. 

ORANGE, the fruit of the sweet-orange tree {Citrus 
aurantiumy Risso, Nat. Ord. Aurantiacecs). This now 
well-known fruit is by no means an old inhabitant of Europe. 
Its native country is India, and perhaps China, but its intro- 
duction into Europe is possibly due to the Moors, who cer- 
tainly introduced and planted extensive groves of the bitter 
orange at Seville and other places in Spain. The sweet 
orange bears the climate of the south of Europe exceed- 
ingly well, and in consequence has been most assiduously 
cultivated in Spain, Portugal, Italy, and Sicily. The result 
has been the production of a great number of varieties, no 
less than nineteen of which have been described by Risso, 
the historian of the cultivated orange. The foliage of the 
orange is very beautiful, and forms a large round head to 
a short but well-formed stem, which is for 5 or 6 feet free 
from branches. The flowers are white and unattractive, 
but have a most delicious fragrance ; so also has the fruit, 
both in its green and ripe state. The odour of the fruit 
resides in the outer coating of the rind, which when ripe is 
of a golden-yellow colour ; this is technically called the 
Jlavedo* It is usual for the orange tree to have almost con- 
stantly flowers, with green and ripe fruit at the same time.^ 
For the oils obtained from the orange, see Oils. The 
cultivation of the orange constiUitea a most important 
branch of industry in Italy, Spain, Portugal, and the Azores, 
which countries supply the greater portion of this fruit con- 
sumed in Europe- Many of the plantations in Spain are of con- 
siderable age ; but the oldest are those formed by the Moors 
in the neighbourhood of Seville of the bitter orange (Citrus 
Bigaradia, Rissso), the fruit of which is sold under the 
name of Seville oranges'' for the manufacture of marma- 
lade and other confections. The rind is also used in 
medicine as an agreeable tonic. When intended for 
export to other countries, the fruit is gathered a little 
before it is ripe, and each orange is wrapped either in 
thin paper or the spathes of Indian corn, and afterwards 
packed in chests or boxes, — the former containing about 800, 
and the latter 300. The chief places of import in this 
country are London, Liverpool, and Hull ; and the quantity 
imported is immense. In 1857 we received from Portugal 
229,116 bushels; the Azores, 274,200 bushels; Malta, 
2430 bushels ; Spain, 68,436 bushels; Two Sicilies, 112,510 
bushels ; Gibraltar, 3550 bushels ; and from other countries 
2600 bushels ; — in all, 692,842 bushels, as nearly as can be 
ascertained ; but there is some uncertainty as to the exact 
quantity, owing to oranges and lemons being given to- 
gether in the government returns. The duty on oranges 
is at present (1858) 8d. per bushel. A curious and de- 
licious variety of the orange is grown in Brazil, and oc- 
casionally sent in small quantities to this country ; its rind 
does not perfectly inclose the pulp, as in the common orange, 
but breaks up into several portions at the top of the fruit, 
which is lemon-shaped, and very large. It is the Larangeira 
embeguday or navel-orange" of orange cultivators. (t.c.a.) 

ORATORIO, in music, a kind of sacred drama, in 
which the poetry is derived from some Scriptural subject, 
and is set to music in recitatives, airs, duetts, trios, quar- 
tetts, &;c., and choruses, accompanied by an orchestra, 
sometimes an organ, and introduced by an instrumental 
overture. The origin of the oratorio is not clearly esta- 
blished. Amongst the most remarkable oratorios of modem 
times is Haydn's “ Creation.” (a. m o.) 

' ORATORY. See Rhetosio. 

ORAVICZA, a town of Hungary, in the Baxmt, circle 
of Lugos, 53 miles S.S.E. of Temesvar. In the vicinity 
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are mines of gold, silver, copper, iron, and coal. The town Orb 

is the seat of a board of mining for the Banat, and of some || 

weaving establishments. Pop. 4840. OrcHlla. 

ORB, a towm of Bavaria, circle of Lower Franconia, 41 
miles N.N.W. of Wurtzburg. It has rich salt mines, pro- 
ducing annually upwards of 1800 tons of salt; numerous 
mills, mineral springs, and an active transit trade. Pop. 4500. 

ORCAGNA, or Orgagna, Andrea, a celebrated Italian 
artist, was the son of Cione, a well-known goldsmith, and 
was born at Florence in the former half of the fourteenth 
century. His artistic talents were displayed at once in 
painting, sculpture, architecture, and poetry. He was first 
engaged, along with his brother Bernardo, in decorating 
churches. His chief pictures were ‘^The Triumph of 
JDeath," and “ The Last Judgment,” both of which exist at 
the present time in the Carapo Santo at Pisa, and bear 
testimony to the spirited and fertile invention of the artist. 

Then turning his attention to sculpture and architecture, 
he erected and ornamented the finely-projK)rtioned Loggia 
di Lanzi and the church of Or San Michele, two edifices 
which are still seen in his native city. Meanwhile his 
leisure hours had been occupied in making verses ; and he 
now continued to dabble in poetry till his death, at the age of 
sixty. (Vasari’S Painters^ Sculptors^ kc.; and Lanzi's 
History of Painting.) 

ORCHARD. See Horticulture. 

ORCHESTRA (Gr. ^pyricnpd) was the place allotted to 
the chorus in the Greek theatres ; but it signifies in modern 
times that place occupied by the instrumental band in a 
theatre, or by the instrumental and vocal performers in a 
concert-room. The word orchestra is also used as synony- 
mous with band. In the Leipsic Musical GazettCy passim^ 
there are plans and descriptions of some of the most cele- 
brated orchestras — that of the Grand Opera at Paris, of 
a grand amateur concert at Vienna, of the San Carlo 
Theatre at Naples, of the Scala Theatre at Milan. (See 
also Burney's account of the great Handel commemoration 
in Westminster Abbey in May 1784 ; and the published 
accounts of the Handel commemoration in the Crystal 
Palace in 1857. For remarks on orchestral instrumenta- 
tion, see article Music.) (a. f. a.) 

ORCHESTIIINO, a modern musical instrument, so 
called by its inventor Poulleau. It was shaped like a piano- 
forte, had similar finger-keys, and its sounds were produced 
by the friction of a circular bow upon the strings. It imi- 
tated the tones of the violin, the viola, the violoncello, the 
the viol d'amour, the double-bass, kc. The construction 
of the bow (of hair, kc.) is said to have been very curious 
and ingenious. (o. F. (l) 

ORCHESTRION, a musical instrument invented by 
the Abb5 Vogler about 1789. It was a kind of fwrtable 
organ, about 9 feet in height, breadth, and depth. Its 
power was tliat of an organ of 16-foet pipe, and it had a 
mechanism to swell or to diminish all the sounds within its 
compass. Another instrument of the same name, invented 
in 1796 by Kunz, a Bohemian, consisted of a j)ianoforte 
combined with some organ-stops. (g* f. g.) 

ORCHILLA WEED, the commercial name applied to 
several species of Rocella (Nat. Ord. Lickeues). The 
most common is R. tinctoriOy Do Cand., which, although 
found growing on the rocks of European coasts even as far 
north as Britain, is chiefly collected on the tropical coasts 
of Lima and Angola. From the same localities, and also 
now in considerable quantities from India, R. fuafurmis is 
also collected and exported. These are often mixed witii 
other sf^cies, as R. dkhotoma, R. pygmma^ R flacetdOy &c. 

These lichens are foHaceous, branched like a stag's horn, but 
generally flat. Their colour is a greenish-gray ; and they 
nave a peculiar and aj^eeable odour, resembling primroses, 
when in large quantities. When Educed to a pulp, and 
mixed with an ammoniacal liquor, they yield, after macera- 
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Orchome. tion and fermentation, a beautiful purple colour, which is 
“'i®* called orchil or archiL Beckmann {History of InverUions) 
narrates the accidental discovery of the colouring properties 
of this plant by a Florentine merchant, which serves to 
explain the fact that this rich dye was so long a secret, 
known only to the Florentines. It is more than probable, 
however, that the Phycos thalassion of Theophrastus and 
Dioscorides, used in their time for dyeing wool, and col- 
lected for that purpose in the Greek islands, was one of 
the species of Rocella. This dyeing material varies very 
much in price. It has been sold as high as L.IOOO per ton ; 
but it now ranges from L.30 to L.70. The quantity im- 
ported in 1 857 was 998 tons, the greater part of which was 
from Portugal and Lima. (t. c. a.) 

ORCHOMENUS, a city of Boeotia, and the capital of 
the powerful tribe the Minyae, was situated near the west- 
ern shore of the Copaic Lake, on a hill which overlooked 
the windings of the Cephissus. Its original inhabitants are 
said to have been Thessalian emigrants, and its ultimate 
name was derived from Orchomenus, one of the kings of 
the Minyans. The city seems to have been powerful and 
important from the very first. Its wealth was likened by 
Homer to that of the Egyptian Thebes ; its contingent of 
ships to the Trojan war amounted to thirty ; it seems at one 
time to have had jurisdiction over the towns of the neigh- 
bourhood; and even when, shortly after the destruction of 
Troy, it was forced into the Boeotian confederacy, it was 
second among the allies to Thebes alone. The decline 
of Orchomenus may be said to have commenced in 395 b.c., 
when, averse to the democratic government of the Thebans, 
it took the field with Sparta in support of oligarchy. It is 
true that its cause triumphed at the battle of Coronea in 
394 B.C., and that its independence was secured by the 
peace of Antalcidasin 387 B.c. Yet Thebes bad contracted 
a deadly enmity against its former tributary, and only 
waited for an opportunity to inflict revenge. In 371 b.c. 
the victory of Leuctra, which restored to the Thebans 
their supremacy over I3oeotia, alForded this opportunity. 
Orchomenus was destroyed, and its inhabitants were sold 
for slaves. It rose again not long afterwards, only to be 
destroyed in 346 b.c., by its implacable foes ; and al- 
though its walls were rebuilt once more by the command 
of Philip of Macedon, it had sunk into ruins in the time of 
Strabo. When visited by Pausanias, the remains of Or- 
chomenus contained a temple of Bacchus ; the tomb of 
Hesiod ; the tomb of Minyas, an ancient king of the town, 
who gave his name to the Minyans ; and a temple in which 
a famous festival in honour of the Graces had been wont 
to be held. The fortifications can still be traced near the 
village of Skripti. (Muller’s Orchomenos unddie Minyer; 
Leake’s Northern Greece; and Mure’s Tour in Greece?) 

ORcnoMENUS, an ancient city of Arcadia, stood in a 
plain surrounded by hills which separated its territory from 
that of Mantineaon the S., and those of Pheneus and Stym- 
phalus on the N. Its founder is said to have been Orcho- 
menus, the son of Lycaon. Its situation, in the midst of a 
well-watered valley, and its acropolis, upon a high and im- 
pregnable hill, seem to have rendered it in early times a 
very important city. Homer calls it “ rich in flocks ; ” and 
several of its kings are said to have spread their rule over 
all Arcadia. But during the Peloponnesian war, when its 
acropolis had probably fallen into ruins, and when its last 
king, Pisi^tratus, had been murdered by an oligarchical fac- 
tion, Orchomenus began to decline. About 367 b.c. three 
of its tributary towns were depopulated to furnish inhabi- 
tants to the newly- founded city of Megalopolis; in 313 b.c. 
it was taken by the Macedonian general Cassander ; and 
ever afterwards it continued to be bandied about between 
different belligerent powers. Yet, in the time of Pausanias, 
Orchomenus was still inhabited, and at the present day 
its ruins are seen near the village of Kalp^ki, 
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ORDEAL, a term applied to an ancient form of trial, Ordeal, 
derived from the Anglo-Saxon compounded, accord- 

ing to Spelman and Ducange, of or, great, and dael^ judg- 
ment. Lye and Bosworth derive it from or, without, and 
dael difference ; signifying thus a judgment without a differ- 
ence or distinction of persons, or, in other words, an impar- 
tial judgment. It agrees with the German urtheiL (See 
Hickes, Dissert EpistoL, p. 149.) It consisted in an 
appeal to the immediate interposition of Divine power, 
being particularly distinguished by the appellation of 
judicium Dei; and was sometimes called purgatio md- 
garis^ to distinguish it from canonical purgation, which was 
by oath. 

That the purgation by ordeal, of some kind or other, is 
very ancient, admits not of a doubt; and that it was uni- 
versal in the times of superstitious ignorance, seems to be 
equally certain. Perhaps the earliest trace of this practice 
is to be found in the book of Numbers, chap, v., where 
Hebrew women suspected of incontinency had to drink the 
‘‘ waters of jealousy” as a test of their innocence. The 
ordeal of the “red drink,” employed by the inhabitants of 
the Gold Coast in Africa, resembles this J ewish custom not 
a little. (See Kitto’s Biblical Cyclopcedia) It appears 
even to have been known also to the ancient Greeks ; for 
in the Antigone of Sophocles a person suspected by Creon 
of a misdemeanour, declares himself ready “ to handle hot 
iron and to walk over fire,” in order to manifest his inno- 
cence, which, the scholiast tells us, was then a usual mode 
of purgation. And Grotius gives many instances of water- 
ordeal in Bithynia, Sardinia, and other places. It seems, 
however, to have been carried to a greater height amongst 
the Hindus than ever it had been in any nation or amongst 
any people, however rude or barbarous ; for in a paper in 
the Asiatic Researches (vol. i., p. 389), communicated by 
Hastings, we find that the trial by ordeal amongst that 
people is conducted in nine difierent ways : by the balance ; 
by fire; by water; by poison; by the cosha^ or the water in 
which an idol has been washed ; by rice ; by boiling oil ; 
by red-hot iron ; and by images. Two kinds of this trial 
were more common than the rest, at least in Europe, — viz., 
fire-ordeal and water-ordeal. The former was confined to 
persons of high rank, the latter to the common people. Both 
these might be performed by deputy ; but the principal 
was bound to answer for the success of the trial, the deputy 
only venturing some corporal pain, for hire, or perhaps for 
friendship ; hence the origin of the expression “ to go 
through fire and water” for one. “Fire-ordeal,” says 
Blackstone (Comm., vol. iv., c. 27), “was performed either 
by taking up in the hand, unhurt, a piece of red-hot iron, 
of one, two, or three pounds weight ; or else by walking, 
barefoot and blindfold, over nine red-hot ploughshares, 
laid lengthwise at unequal distances; and if the party escaped 
unhurt, he was adjudged innocent, but if it happened other- 
wise, as without collusion it usually did, he was then con- 
demned as guilty. However, by this latter method Queen 
Emma, the mother of Edward the Confessor, is mentioned 
to have cleared her character when suspected of familiarity 
with Alwyn, Bishop of Winchester.” “ The water-ordeal 
was performed either by plunging the bare arm up to the 
elbow in boiling water, and escaping unhurt thereby ; or 
by casting the person suspected into a river or pond of cold 
water, and if he floated therein without any act of swim- 
ming, it was deemed an evidence of his guilt, but if he 
sunk he was acquitted.” 

The origin of this mode of trial may be traced to neces- 
sity as well as to superstition. At the time in which it origi- 
nated in England, as well as in other countries of Europe, 
it was no easy matter for an innocent person, when accused 
of guilt, to get himself cleared by the then established mode 
of trial. It was therefore natural for superstition to fly to 
heaven for those testimonies of innocence which the ab- 
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Orderai. surdity of human laws often prevented men from obtaining 
in the ordinary course of affairs. In this way, doubtless, 
did the trial by ordeal commence ; and being thus begun 
by necessitous superstition, it was fostered by impious 
priestcraft and unjust power, (See JxjRT Trial.) Besides 
the particular methods of trial which we have already men- 
tioned, there were some few more common in European 
countries ; as the judicial combat, the ordeal of the cross, 
and the ordeal of the corsned. 

The judicial combat was exceedingly common in Ger- 
many in very remote ages ; but it is not mentioned in any 
of the Anglo-Saxon laws, and it does not appear to have 
been much used in England until after the Conquest. It 
was so much the custom in the middle ages of Christianity 
to respect the cross, even to superstition, that it would 
indeed have been wonderful if the same ignorant bigotry 
had not converted it into an ordeal ; and accordingly we 
find it used for this purpose in so many different ways as 
almost to preclude description. The corsned, or the con- 
secrated bread and cheese, was the ordeal to which the 
clergy commonly appealed when they were accused of any 
crimes. If the culprit swallowed the bread and cheese 
freely, he was declared innocent ; but if it stuck in his throat, 
he was pronounced guilty. In the reign of Edward the Con- 
fessor, as historians assure us, Godwin, Earl of Kent, in ab- 
juring the death of the king’s brother, appealed to this ordeal, 
and was choked by the corsned. (Blackstone, voL iv.) 

Besides these, there were a variety of other ordeals prac- 
tised in Christian countries, many of which retain the same 
names which were used amongst pagans, and differ only 
as to the mode in which they were performed. In all 
nations of Christians where these trials were used, we find 
the clergy engaged in them. Indeed, in England, as late 
as the time of King John, we find grants to the bishops 
and clergy to use the judicium ferric aqim^ et ignis ; and 
both in England and Sweden the clergy presided at this 
trial, and it was only performed in the churches, or in other 
consecrated ground. But we find the canon law, at a 
very early period, declaring against trial by ordeal, or vul-^ 
garis purgatio^ as being the work of the devil. A decree to 
this effect was issued in the eightccenth canon of the fourth 
Lateran Council, November 1215. “ Upon this authority, 
though the canons themselves were of no validity in Eng- 
land, it was thought proper,” says Blackstone (as had been 
done in Denmark above a century before), to disuse and 
abolish this trial entirely in our courts of justice by an act 
of Parliament 3 Henry IIL, according to Sir Edward Coke, 
or rather by an order of the king in council. Spelman thinks, 
however {Glossary Judicium Dei\ that this law was 
merely temporary. It is clear that it must have fallen into 
disuse in England about the middle of tlie thirteenth cen- 
tury, as it had in most European nations long before. (Sel- 
don’s Notes to Eadmer ; see also Palgrave’s Rise and Pro- 
gress of the English Commonwealth^ voh i., p. 256.) 

That much priestly jugglery was practised in con- 
nection with ordeals there can be no manner of doubt. 
Artificial preparations were known and used which 
enabled the suspected to undergo the most unheard-of 
trials without injury. With the scientific knowledge of 
the present day this seems in no way so miraculous as it 
must have done to the ignorant of those early times. 
When the ordeal was abolished, and this art rendered use- 
less, the clergy no longer kept it a secret. 

ORDERS. In no Reformed church are there more than 
three orders, namely, bishops, priests, and deacons. In the 
Roman Catholic church there are seven, exclusive of the 
episcopate, all of which the Council of Trent enjoins to be 
received and believed, on pain of anathema. They are dis- 
tinguished into petty or secular orders, and mqor or sacred 
orders. 

The petty or minor orders are four; those of door- 
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keeper, exorcist, reader, and acolyte. Persons in potty 
orders may marry without any dispensation. In effect, the 
petty orders are looked on as little other than formalities, ^ 
and as degrees necessary to arrive at the higher orders. 
The Greeks disavow these petty orders, and pass imme- 
diately to the subdiaconate ; and the Reformed churches 
to the diaconatc. Their rise Fleur y dates in the time of 
the Emperor Justinian. There is no call nor benefice re- 
qtiircd for the four petty orders; and even a bastard may 
enjoy them without any dispensation, nor docs a second 
marriage disqualify. 

Orders, Religious^ in the Romish Church, are generally 
reckoned three, — viai., the monastic, the military, and the 
mendicant. (Respecting these, see MoxACHTS>r, Knights 
AND Knighthood, Mendicants, and Jesuitism.) 

Orders, Holy. Sec Ordination*. 

ORDERICUS, ViTALis, author of a very valuable his- 
tory of England and Normandy during tlie eleventh and 
twelfth centuries, was born at Attingesham {Atchayn), a 
village on the Severn, near Shrewsbury, on the i7th of 
February 1075, Our information respecting his life is con- 
fined entirely to his own writings. His lather, Odelerius, 
quitted his native city of Orleans to accompany Roger dc 
Montgomery into England, and received from that lord a 
grant of lands near Shrewsbury, where he built a monas- 
tery, to which he refired in 1110. The child received the 
name of Ordericus after the priest who baptized him. At 
the Qge of five years he was sent to school at Shrewsbury, 
where he remained under the care of Siward, a priest, till 
his tenth year. His father then gave him in charge to ]^y- 
nold, a monk, who conveyed him to the abbey of St 
Evroult, in the diocese of Lisieux in Normandy, and dedi-» 
cated the boy to a monastic life. Ordericus received the 
tonsure in 1085, and assumed the name of Vitalis in honour 
of the saint whose memory was solemnized on the day of 
his admission to the monastic order. He attained after- 
wards to the rank of priest. The remainder of his days were 
devoted to the peaceful performance of the duties of his 
order, and to the composition of his Ecclesiastical History 
of England and Normandy. The rules of the cloister 
were not compatible with the gratification of his strong in- 
clination for travel ; yet he was permitted occasional ab- 
sence for the purpose of collecting materials for his Ilistory- 
With this intention, he visited Croyiand Abbey and Wor- 
cester on two separate occasions, besides making various 
journeys to different parts of Normandy. In 1141 he draws 
lus History to a close, ** worn out by age and infirmities.” 
He w'as then in his sixty-seventh year, and must have died 
soon after. Although removed from his native country 
while yet a mere child, he never ceased to glory in tl*c 
name of Englishman, and describes himself in the title of 
his great work as Vitalis Angligena. 

His History, which consists of thirteen books, seems to 
have been written in a very irregular manner. What stand 
now as books first, second, and seventh, were composed 
after the rest of the work had been completed. M. Guizot 
saysof it in his Introduction to the French edition, “On more 
than one occasion his materials seem thrown together pell- 
mell, as chance or opportunity brought them into the 
author’s power. But this irregular surface covers a mine 
of real wealth. No book contains so much and such valu- 
able information on the history of the eleventh and twelfth 
centuries— on the polifical state, both civil and religious, 
of society in the west of Europe — ^and on the manners of 
tljB times, whether feudal, monastic or popular ” The entire 
work of Vitalis was first printed in the collection of Du- 
d|^e in 1619; a French version of it by Dubois ap- 
pwed in 1826 ; another, by Le Provost and Delisle, 183B- 
54; and an excellent English version, by T. Forester, was 
published in 4 vols. by Bohn, london, 1853-66. 

ORDINATION is the solemn setdng apiwrt to the work 
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Ordination, of the Christian ministry in a congregation, or the act of as it is a sacrament (/^uorojptov), was appointed to the Ordination, 
investing with the sacred oiBce in the Christian church. Apostles by Christ; and ordination (x^porovta) takes place 
The/om in which this rite is administered is substantially by the imposition of their hands even unto our day, 
the same in all sections of the church ; but the rite has a the bishops having succeeded them for the communica- 
yevy dix^erejxtsignijicationy and is viewed with very dilFerent tion of the holy mysteries, and the ministry of the salva- 
feelings, in different communions. These differences are tion of men/’ 

determined chiefly by the views entertained of the nature In the Anglican Churchy there are some whose views of 
of the sacred office itself, and of the relation of those in- ordination very slightly differ from those avowed by the 
vested with it to each other. Where a gradation of rank Romanists (see Tracts for the Times, No. 4, and No. 54, 
and authority obtains within the clerical body, and where &c.) But the judgment of the church, as such, is more 
the Christian ministry is regarded as a priesthood, it is ob- justly expressed in the following statement. Ordination is 
vious that ordination must have a very different meaning ^ a privilege peculiar to the character of a bishop, who is a 
from what is attached to it by those who hold the parity governor in the church of God; whereby he conveys 
of the clergy, and regard their functions as purely minis- authority to some to preach the gospel, and to administer 
terial, and in no respect sacerdotal. In the former case the sacraments, who are called and from whence 

ordination will mean to confer orders ordines); is derived our priest; and to others to be assistants 

in the latter it cannot mean more than to receive into the to himself and the presbyters in their spiritual adrainistra- 
body {cooptare in ordinerri), tions, who are called deacons ; which is performed by prayer 

We shall best consult, we believe, the wishes of our and the imposition of hands — solemn ceremony of bless- 

readers if, without entering polemically into this thorny ing and devoting persons to the sacred function.’’ (Nelson’s 
question, we place before them, from authentic sources, a Companion for the Festivals and Fasts of the Church of 
statement of the opinions entertained by the leading sec- England^ p. 526, 22d edit.) The Church of England for- 
tions of the church regarding ordination. mally repudiates the sacramental character of orders in her 

By the Roman Catholics ordination is regarded as a 25th article, but attaches importance to ordination, as need- 

sacrament, and in its highest degree it is the investing with ful for the maintenance of that ‘^reverend estimation” in 
the priestly office and the conferring of priestly powers, which the ministerial office ought to be held in the church. 

To this there are several preliminary steps, which ascend The right of ordaining is vested in the bishop, who is bound 
in the following order : — The ostiariate, the lectorate, the to satisfy himself that the candidate is “ a man of virtuous 
exorcistate, the acolythate, the subdiaconate, and the dia- conversation, and widiout crime,” and that he is learned 
conate^ {ConciL Trident Sess. 22, c. 2. Comp. Co7iciL in the Latin tongue, and sufficiently instructed in holy 
Carthag. iv, C.Z — c. 9, in Caranza, p. 167.) Scripture.” No one can be ordained a deacon under 

Through each of these steps the candidate ought regularly twenty-three years of age, unless he have a Faculty ; and 
to pass ; but in practice this rule is not always strictly fol- every' one who is to be admitted a priest must be jfull four- 
lowed, inasmuch as, when the service of the church requires, and-twenty years old. The canonical seasons for ordina- 
it is assumed that the proved fitness of a candidate for the tion are the Sundays immediately follow^ing the four ember 
higher stage renders it unnecessary that he should formally days ; that is, the second Sunday in Lent, the Sunday after 
pass through the lower stages (Schnappinger, X>octrina Whitsunday, the Sunday after the 14th of September, and 
Dogmatum EccL Christ CathoL, voL ii., p. 194). Ordi- the Sunday after the 13th of December {Can. 31); but on 
nation can be administered only by a bishop, who is a urgent occasions, according to the discretion of the bishop, 
successor of the Apostles, and in whom resides the faculty ordination may be administered on any other Sunday or 
of communicating ecclesiastical authority and sacerdotal holy day, provided it be done in the face of the church.” 
power. By imposition of hands upon the candidate, accom- The parties to be ordained are presented to the bishop by 
panied with the words, Accipe potestatem offerendi sacri- the archdeacon or his deputy, who is bound to attest their 
ficium pro vivis et mortuis in nomine Patris, Filii, ,et Spiritus meetness for the office to which they aspire. After adrai- 
Sancti,” the bishop performs the act of ordination ; and the nistering to each the oath of allegiance, and exacting from 
individual so ordained becomes thenceforward endowed them an avowal of their conviction that they are moved 
with the Holy Spirit, and capable of offering the sacrifice of by the Holy Ghost to take on them the sacred office, a 
the altar, and of remitting or binding sins. The character profession of their belief in the canonical Scriptures, and a 
thus impressed upon him is indelible ; the priest can never promise to read them diligently to the people, as well as to 
again become a laic, even though he may cease to discharge live so as to be an example to the flock, the bishop ordains 
the functions of his office. A recent expositor of Roman them by laying his hands severally on the head oF each, 

Catholic theology has thus stated the effect of ordination in and pronouncing over each the formula of authorization to 
relation to the three superior grades of the clergy : — The discharge the functions of the office to which he is set apart, 
working of ordination is the sacerdotal grace, the power of In the case of deacons, this authorization is limited to the 
the Holy Ghost, and that in such a way as that the fulness reading of the gospel in the church, and the preaching of 
of the priesthood shall belong to the episcopate, on which the same if licensed thereto by the bishop himself. In 
account bishops are the chief servants and organs of grace, ordaining priests, the bishop says, “ Receive the Holy Ghost 
and they who communicate the Holy Ghost in confirma- for the office and work of a priest in the church of God now 
tion and ordination ; a lesser portion falls to the pries>ts, to committed unto thee by the imposition of our hands. Whose 
whom is given the power of offering sacrifice and absolving; sins thou dost forgive they are forgiven, and whose sins thou 
whilst on the deacons comes only a beginning and shadow dost retain they are retained. And be thou a faithful dis- 
of the priesthood, to whom are committed only the preach- penser of the Word of God and of his holy sacraments; in 
the preparation and distribution of the eucharistic the name of the Father, and of the Son, and of the Holy 
offering, and the dispensing of baptism.” (Klee, Kath, Ghost. Amen.” After this, the bishop delivers to every 
Dogmaiik, iii. 338.) ' f, one of them, kneeling, the Bible into his hand, saying, 

In the Greek Churchy ordination is regarded in Take thou authority to preach the Word of God, and to 

the same light as in the Romish church. “ The minister the holy sacraments to ^the congregation where 

hood,” says the Confessio Orthodoxoy p, 173, ‘‘inasisitK^ thou shalt be lawfully appointed thereunto.” 

^ Whether all of these are to he counted sacramental is a point not Mly settled in the Eomlsh Church. Bellarmine refers to ftie 
different views, and concludes, — Absolute taxnen prohahlllor sententla est, ques ordines omnes sacramenta esse docet quam ea quas 
negat.'' (Saer» 0rd.,c. 6.) 
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The Lutherans repudiate alike the sacramental character 
of ordination and the priesthood of the clergy. Preserving 
as a sacred truth the idea of the universal priesthood of the 
people of God in a spiritual sense, they deny the existence 
of any essential distinction between the clergy and the 
laity, and regard the sacred office as simply a ministry, not 
in any particular congregation, but in the church at large-— 
a ministry the special function of which is to preach the 
Word of God, to administer the sacraments, and to remit 
or retain sins (see ApoL Confess, Aug.y art. 7, art. 10, art. 
14; Conf, Aug.y art. 5). Ordination is with them, con- 
sequently, simple consecration or designation to the minis- 
terial office, and may be performed by an elder or pastor 
(Art, Smalcaldy p. 352) ; though, for the sake of order, it 
is usually administered by a superintendent or prelate in 
the presence of other pastors (see Gerhard, Loc, TheolL^ 
xii. 145, 159). In administering it, prayer and imposition 
of hands are used, the latter being regarded not in any sense 
as a sacramental symbol, but merely as a venerable usage, 
which has descended from apostolic times, and as useful for 
admonition (Gerhard, xii. 163). “We have followed this 
usage,” says Eeinhard (Dogmatiky p. 635), “not from 
superstition, as if by it some special sanctity were imparted, 
but simply that the party who undertakes the office of a 
public teacher may be admonished of the importance of his 
office, and may be indicated to the congregation as one in 
whom it may repose trust.” 

The doctrine of the Reformed Church respecting ordi- 
nation does not essentially differ from that of the Lutheran. 
Persons duly appointed, whether by the choice of the people 
or by a patron, and found duly qualified, after examination 
by the pastors of the district, are publicly ordained by prayer 
and the laying on of hands. According to Calvin himself, 
“though there is no direct injunction of the imposition of 
hands, yet the rite having always been observed in apos- 
tolic times, deserves to be retained, and is useful as tending 
to commend to the people the dignity of the ministry, and 
to remind him who is ordained that he is not his own, but 
is bound to the service of God and the church.” He is 
doubtful, however, whether a plurality of pastors be indis- 
pensable for the ordaining of a minister, and he adduces the 
case of Timothy, as one in which ordination was adminis- 
tered by the Apostle alone (1 Tim. i. 5) ; the statement in 
2 Tim, iv. 14 being understood by him “non quasi Paulus 
de seniorura collegio loquatur, sed . . . quasi diceret, Fac 

ut gratia, quam per manuum impositionem recepisti, quum 
te presbyterum crearem, non sit irrita.” (Insty lib. iv. 
c. 3, § 16.) 

According to the Presbyterians, ordination is “ the 
solemn setting apart to some public church office,” and is to 
he performed, with authority of the Presbytery, by prayer 
and imposition of hands. The doctrine of the Church of 
Scotland, as expounded by Dr Hill, is, that “ every one 
who is ordained by the laying on of the hands of the office- 
bearers of the church becomes a minister of the church 
universal. He is invested with that character, .... and 
by this investiture he receives authority to perform all the 
acts belonging to the character.” The business of the 
church, he adds, “ is to convey the powers [of the minis- 
terial office] to those whom she finds qualified. By ordina- 
tion they become ministers of the church universal and 
he carefully distinguishes between this and the election or 
appointment by which a man becomes the minister of a 
particular congregation ; “ this assignation of place being 
merely a matter of order, which is not essential to his cha- 
racter.” {Lectures in Divinity, vol. ii., p. 439, 440, third 
edit.) In the United Presbyterian Church, this local assig- 
nation enters as an important element into the effect of 
ordination : the party is ordained “ to the office of the holy 
ministry, and to the pastoral inspection of the congregation 
by whom he has been chosen and regularly called.” , {Rules 


and Forms of Procedure, &c., p. 47.) In administering Ordnance 
ordination, a minister, who is either the existing moderator || 
of the Presbytery, or one appointed to act as such for the 
occasion, presides ; a sermon is preached, in some cases by 
the moderator, in others by some minister appointed by the 
Presbytery ; certain questions are then put to the candidate, 
bearing on his religious belief, ecclesiastical relations, and 
official engagements ; and on receiving satisfactory answers 
to these, the presiding minister engages in prayer, and by 
imposition of hands, in which all the members of the pres- 
bytery present join, ordains the candidate ; after which the 
latter receives the right hand of fellowship from his brother 
ministers, and suitable addresses are delivered to minister 
and people on their respective duties. 

By the Independents, or Congregationalists, strenuous 
objection is taken to the doctrine that ordination is the in- 
vesting of a man with the character of a minister of the 
church universal. Such an “ individuum vagum, or pastor 
at large,” they hold to be “ irregular and cross to the order 
of the gospel,” being a pastor without a fliock, an officer 
without an office, a ruler without subjects. (Hooker and 
Cotton’s Survey of Church Discipline, part ii., chap, ii., 
p, 60; 4to. 1648.) They regard “ordination not as a de- 
signation to the work of the ministry (of which they find 
no examples in the New Testament), but as a solemn ap- 
pointment to office in a Christian church” (Fuller, Works, 

V. 280) ; and, consequently, when a minister changes his 
place of service it would be according to their principles 
that he should be re-ordained in his new sphere. In prac- 
tice, however, this latter course is not always followed ; nor 
are all agreed as to the necessity of ordination even in the 
first instance. The views chiefly prevalent among English 
and Scottish Independents are expressed in the following 
article of the Declaration of Faith, Church Order, and 
Discipline of the Congregational or Independent Dissenters, 
issued in 1833 ; — “ They believe that church-officers, whe- 
ther bishops or deacons, should be chosen by the free voice 
of the church ; but that their dedication to the duties of 
their office should take place with special prayer and by 
solemn designation, to which most of the churches add the 
imposition of hands by those already in office.” The order 
usually adliered to in this service is as follows : — First, a 
sermon is preached, which is generally devoted to an ex- 
position and defence of Congregational church polity ; then 
certain questions are proposed to the candidate regarding 
his personal religious history, his views of divine truth, his 
motives for desiring the work of the ministry, and his in- 
tentions as to the actual discharge of the functions of the 
ministry in the sphere to which he has been called ; the 
ordination prayer is then offered, usually by the minister 
who puts the questions, and, when imposition of hands is 
used, by all the ministers present uniting with him in this 
act ; after which the ministers give to the newly ordained 
pastor the right hand of fellowship. Some minister of ex- 
perience then gives the charge to the pastor, and another 
addresses the people on their respective duties ; and the 
service concludes, as it began, with prayer and praise. By 
some it is held that the right of ordination rests with the 
officers of the individual church in which the party to 
be ordained is to officiate, and, in the absence of such, 
with the private members (Davidson, Ecclesiastical Polity 
of the New Testament, p. 241, ff.) ; but these extreme 
views are not generally entertained by Congregational- 
ists. (w. L. A.) 

ORDNANCE, a general name for all sorts of great guns 
used in war. (For the various officers of the Ordnance, see 
Armt, and Navx.) 

ORES are the mineral bodies from which metals are 
extracted. Metals exist in ores, — (1.) In the metallic state, 
when they are either pure or combined with each other, 
as in the state of alloy; (2.) Combined with oxygen in the 
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Orebro state of an oxide ; (3.) Combined with sulphur in the state 
II of sulphuret; and (4) With acids, forming salts. (See 
Oregon. MlNES AND MINING.) 

Orebro, a town of Sweden, capital of a Ian of the 
same name, stands near the western extremity of Lake 
Hielmar, 100 miles W. of Stockholm. The streets are 
wide and clean, and the houses neatly built of wood, painted 
of a red colour, with white doors and window-frames. In 
the principal church, which is a handsome edifice, there 
are numerous interesting monuments, and the grave of 
Engelbrecht Engelbrechtson, the Swedish patriot, killed in 
1436. The town contains also a fine ancient castle, a 
town-hall, assembly-house, hospital, &c., and the old house 
is still to be seen where Gustavus Vasa and Charles IX. 
lived, and where Bernadotte was elected Crown Prince of 
Sweden in 1 810. Manufactures of linen and woollen stuffs, 
waxcloth, hosiery, paper, and tobacco, are carried on here ; 
and there is a large printing-house, where many of the best 
Swedish works are printed. A considerable trade is car- 
ried on with Stockholm through Lake Hielmar, the canal 
of Arboga, and Lake Malar. Pop. 5807. 

The Ian of Orebro is 98 miles in length from N. to S., 
and 57 in width at the broadest part, and has an area of 
3250 square miles. It is hilly towards the north, and 
throughout the rest of its surface of an undulating nature. 
It abounds in lakes and rivers, and in the hilly region 
there are rich mines of iron and other minerals, and exten- 
sive forests, which furnish the principal articles of export 
from the Ian. Cattle of good breed are reared in the pas- 
ture-grounds. The principal crops are, rye, barley, oats, 
and potatoes. Pop. (1850) 137,660. 

OREGON, a territory of the United States of North 
America, lies between N. Lat. 42. and 46. 18., W. Lon. 
108. 44. and 124. 28. ; and is bounded on the N. by the 
territory of Washington, from which it is separated by the 
Columbia River and the 46th parallel of latitude ; E. by Ne- 
braska, from which it is separated by the Rocky Mountains; 
S. by the territory of Utah and state of California ; and W. 
by the Pacific. Its length from E. to W, is about 665 
miles ; breadth, 279 miles ; area, 105,030 square miles. Be- 
sides the Rocky Mountains on the eastern frontier, Oregon 
is traversed by two other ranges having the same general 
direction from N. to S., and dividing the territory into three 
distinct regions. The most westerly of these is the Cas- 
cade Coast, or, as it is sometimes called, the President’s 
Range, at a distance varying from 80 to 150 miles from the 
coast. It is very lofty, having many peaks from 12,000 to 
14,000 feet above the sea, and quite continuous, except 
where it is interrupted by the Columbia at the north fron- 
tier of Oregon. This mountain chain extends beyond the 
limits of Oregon, from Russian America in the north to the 
peninsula of California in the south. It almost entirely 
cuts off the communication between the coast and the in- 
terior, as there are but few passes, and these are so beset 
with difficulties as to be almost impracticable. The highest 
point in these mountains is Mount Hood, 18,361 feet above 
the level of the sea. The Blue Mountains, though having 
the same general direction as the two ranges between which 
they stand, are more irregular and interrupted than either 
the Rocky Mountains or the Cascade range. They branch 
off from the Rocky Mountains in British America, stretch 
southwards through Washington and Oregon, and finally 
extend into the state of California, where they take the 
name of Sierra Nevada. They send off branches on the 
east to the Rocky Mountains, and on the west to the Cas- 
cade range. Of the three regions into which Oregon is 
divided by these mountain chains, that which lies between 
the Cascade range and the ocean is the only agricultural 
part of the countrj^, and is watered by the Willamette, 
Umpqua, and Rogue rivers, all of which rise in the Cascade 
Mountains, and fall, the first into the Columbia, and the two 
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others into the Pacific. Many branches and offsets from 
the main ridge diversify this country, and these are covered 
with forests of oak, pine, fir, spruce, ash, and other kinds of 
timber, with a thick undergrowth of hazels, briars, &c. 
There are also in this region many valleys and prairies, 
where the soil is rich and loamy, furnishing good land for 
cultivation, and excellent pasturage. The coast of Oregon, 
which is in general bold and steep, is rendered dangerous 
for navigation by the heavy surf which continually breaks 
against every part of it. Of the few promontories which 
diversify the uniformity of its outline, the most noteworthy 
are capes Lookout, Foulweather, and Blanco or Orford. 
There are no considerable inlets of the sea; and as the 
mouths of the small rivers here are generally obstructed by 
sand-bars throwm up by the violence of the waves, the har- 
bours are few and insignificant. Those in the estuary of 
the Columbia, and that which lies at the mouth of the 
Umpqua, are the most important seaports of Oregon. The 
middle region of the territory, lying between the Cascade 
and the Blue Mountains, is of a different nature, and more 
suitable for pastoral than for agricultural purposes. The 
surface is undulating, and in general elevated about 1000 
feet above tlie sea. With a large extent of barren and 
lonely deserts in the south, this region contains throughout 
a great part of its area fine pasture-grounds, and is watered 
by the Fall River, an affluent of the Columbia from the 
south, and by several smaller streams. The most easterly 
region of the territory, extending from the Blue to the 
Rocky Mountains, is for the most part barren and rocky, 
so as to be quite incapable of improvement either for 
agricultural or pastoral pursuits, except in the immediate 
vicinity of the rivers. In some parts the surface is covered 
with wood, and it is broken by numerous mountain ridges 
and isolated hills. The Salmon River Mountains traverse 
this country from E. to W . ; and the principal rivers are 
the Salmon River, to the north of this range j and on the 
south the Snake River, into which the former flows, and 
which discharges their united waters into the Columbia. 
In the Rocky Mountains, within the territory of Oregon, 
there is but one pass, the South Pass, at the extreme S.E., 
7489 feet in elevation. This forms the great thorough&re 
to Utah and California from the east, and by this path the 
stream of emigration enters these countries. In geological 
character, the whole country between the Cascade and the 
Rocky Mountains is of primitive formation. Traces of vol- 
canic agency occur in many places, and in some parts there 
are extensive beds of lava, in which the rivers have worn 
channels for themselves. In the western region formations 
of later eras are general, but in the southern part even of 
this region primitive rocks occur. Of the mineral wealth 
of the territory comparatively little is yet known ; but gold 
has been found in the Cascade range and in Uie rivers that 
descend from it. Indeed the whole country to the west of 
the Blue Mountains is believed to abound in this metah 
The valley of the Willamette is also rich in coak Thej 
western region of Oregon enjoys a mild and teihperate 
climate. The summers are warm and dry, and thelwinter^ 
neither long nor severe, the difference between the ex*^ 
tremes of heat and cold not being so great as in places Ol* 
the same latitude on the American shores of the Atlantic! 
A considerable amount of rain falls, chiefly in winter ; but 
the snow only lies for a short time. At Oregon city, not 
far south of the Columbia, the mean temperature of the 
whole year is 54° ; of spring, 54° ; of summer, 70® ; of au- 
tumn, 54J° ; and of winter, 40®. In the central region the 
climate is colder and more variable, but the atmosphere is 
healthy and bracing. In the eastern region the climate is 
very variable, and hardly any rain or snow falls. The 
forests of Oregon abound in many kinds of wild animals, — 
as elks, deer, antelopes, bears, wolves, foxes, beavers, &c. 
The eastern region of Oregon contains many buffaloes. 
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Oregon. Fur-bearing animals, which were formerly very abundant, 
are now falling off in numbers, and constitute no longer a 
profitable pursuit. Ducks, geese, and other waterfowl are 
extremely numerous in spring and autumn on the rivers and 
lakes. In all these, as well as in the sea off the coasts, fish of 
many kinds are found; such as salmon, sturgeon, cod, carp, 
See. as well as crabs, oysters, mussels, and other shell-fish. 
The only part of Oregon that has yet been settled and 
cultivated is that which lies to the west of the Cascade 
Mountains. In 1850 the territory contained (exclusive of 
the counties of Clark and Lews, which then belonged to 
Oregon, but have since been formed into the territory of 
Washington), 115,691 acres of cultivated, and 247,212 of 
uncultivated land in farms. The whole value of the farms 
was in that year L.492,927 ; and that of the farming imple- 
ments and machinery L.34,112. There were produced in 
Oregon in the year ending June 1, 1850, 200,148 bushels 
of wheat, 2913 of maize, 54,524 of oats, 29,536 lb. of 
wool, 3822 bushels of pease and beans, 58,429 of potatoes, 
L.l 5,964 worth of market-garden produce, 209,564 lb. of 
butter, and 35,930 lb. of cheese. Of live stock there were 
in the territory in the same year 6679 horses, 414 asses 
and mules, 34,334 horned cattle, 4024 sheep, and 28,729 
swine; the whole being valued at L.350,65L The only 
mining operation carried on in Oregon is gold-digging, 
which is pursued in the valleys in the south-west of the 
territory. Nor are the manufactures of the country of 
much importance, being confined to such articles as are 
required to supply the wants of a scattered agricultural 
people. Some trade, howeyer, is carried on in the expor- 
tetion of timber, leather, beef, pork, salmon, onions, pota- 
toes, butter, cheese, &c. A line of steamers plies between 
San Francisco and the Columbia. The exports of Oregon 
for the year ending June 30, 1856, amounted in value to 
L.l 296; and the imports to L.565. According to the con- 
stitution of Oregon, promulgated in 1848, the executive 
power is in the hands of a governor, appointed for a period 
of four years by the president of the United States, and 
removable at will by the same authority. The legislature 
consists of a council of 9 members, and a house of re- 
presentatives of not less than 18, or more than 30 ; both 
elected by the people, the former for three years, and the 
latter for one. The right of voting and of eligibility as a 
member of the legislative body belongs to every white 
male of full age in the territory who is eitlier a citizen of 
the United States, or declares upon oath his intention to 
become such ; but the legislature may introduce new limi- 
tations in the franchise. By a vote of the people in June 
1857 a convention was appointed to prepare a constitution 
for Oregon as a state, which was to be submitted to the 
people for ratification. At the same time the questions con- 
nected with slavery, as regards Oregon, were to be decided 
by popular vote ; and if the constitution be ratified, provi- 
sion is made for the election of a state government and 
representatives in Congress, June 7, 1858. The number 
of churches in Oregon, according to the census of 1850, 
was eight, having an aggregate accommodation for 2633 ; 
and property amounting to L.15,315. Little progress has 
yet been made in education, as indeed little could have 
been expected from the scanty population; but certain 
lands have been allotted for the endowment of a university; 
and of the public land, two sections in each township are 
reserved for educational purposes, an amount which will 
yield a large sum, being double what is allowed in the 
other new states. There were in Oregon in 1850, 29 
academies and schools, with 44 teachers, and 898 pupils. 
In the same year the total number of adults in the territory 
imable to read and write was 156. Oregon is gradually 
rising to wealth and prosperity by the steady labour and 
industry of the inhabitants; while at the same time the 
means for the religious and inteUectual advancement of 


the people are by no means neglected. The discovery of Orel, 
the coast of Oregon is an honour disputed by the British 
and Spanish nations ; for it was visited by navigators from 
both countries in the sixteenth century. Ferrelo, a Spaniard, 
is said to have reached as far N. as Lat- 43. in 1547 ; while 
in 1579 Drake arrived at the 48th parallel. The estuary 
of the Columbia was first entered in 1792 by Captain 
Baker, an Englishman, and Captain Gray, an American ; 
and on account of the priority of the entrance of the latter, 
the American government laid claim to the entire country 
watered by that river and its ajSluents. These conflicting 
pretensions gave rise to many serious and long-continued dis- 
putes between the three powers, which were finally settled 
only by the treaty of 1846, by which all the country south 
of N. Lat. 49. was ceded to the United States. The whole 
of this country was originally comprised in the territory of 
Oregon, but has since been divided into those of Oregon 
and Washington. Pop. (1850), exclusive of the present 
territory of Washington, 12,093; (1853), 33,324; (1857), 
estimated at 43,000. 

OEEL, or Orlov, a government of European Russia, 
lying between N. Lat. 51. 55. and 54., E. Long. 32. 40. 
and 38. 50., is bounded on the N. by the governments of 
Kaluga and Tula, E. by Tambov, S.E. by Voronetz, S- by 
Kursk, and W. by Tchernigov and Smolensk. Length 
from N.W. to S.E. 262 miles ; breadth, varying from 28 to 
112 miles; area, 18,258 square miles. Though elevated 
throughout, the surface is not broken by any mountains ; 
only some chains of limestone hills, and heights along the 
river-banks, intersect the country, forming in some places 
deep and picturesque valleys. Nearly a third part of the 
government is covered with forests ; but there are very few 
barren, heathy, or marshy tracts. The principal rivers are 
the Desna, a tributary of the Dnieper, which flows in a 
southerly direction across the west of Orel ; the Oka, which 
flows through the centre and north of the government to 
join the Volga; and in the east the Sosna, an affluent of the 
Don, flowing N.E. There are also numerous smaller 
streams ; but no lakes of any size. The soil is for the 
most part light and sandy, but well suited for all kinds 
of grain, which it produces in larger quantities than the 
wants of the inhabitants require. The climate of Orel is 
temperate and healthy. Agriculture is extensively carried 
on ; all kinds of corn, hemp, flax, hops, and tobacco are 
grown. The extent of arable land in the government in 
1849 was 5,608,392 acres ; of meadow land, 91 8,274 acres ; 
of wood, 2,599,206 acres ; and of waste land, 2,239,696 
acres. Gardening js carried on here to a large extent, and 
is better understood than in any other part of Russia ; and 
fruits and vegetables are grown in large quantities. The 
trees most common in Orel are, limes, birches, alders, as- 
pens, firs, elms, &c. Foxes and hares are abundant, and 
are frequently hunted. The rearing of cattle is well at- 
tended to in Orel. Of horses, which are of excellent breed, 
suited either for riding or for farm labour, the government 
contained in 1849, 590,955; of horned cattle, 368,824; of 
sheep, 1,038,721; of swine, 535,760 ; and of goats, 2171. 

Great numbers of bees are kept. Many valuable minerals 
are obtained here, such as iron, lime, mill-stones, grind- 
stones, alabaster, &c. Few manufactures are carried on, as 
the peasants make for themselves those articles that liiey 
need. There were, however, in 1848 thirteen beet-root 
sugar manufactories, using 4435 tons of beet-root, and pro- 
ducing 2660 cwt. of sugar. Orel contains also a few other 
manufactories, where coarse woollen and linen stuffs, cord- 
age, earthenware, soap, iron, &c., are produced. The trade 
is considerable, ^ consisting in the exportation of grain, 
flour, hemp, spirits, honey, iron, hardware, and other 
articles. The imports from foreign countries all enter the 
government by way of Moscow. The inhabitants are frugal 
and industrious; but ignorant, and strongly. prejudiced in 
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Orel favour of old customs. The majority belong to the Greek 

- II Church ; but there are about 650 Koman Catholics, and a 

Orenburg, Protestants and Mohammedans. Education is in a very 
low state, though nominally under the management of the 
university of Moscow. Pop. 1,406,571. 

Orel, the capital of the above government, stands at the 
junction of the Oka and the Orlik, 201 miles S.S.W. of 
Moscow. It is defended by an ancient fort ; and has a very 
gloomy appearance, with narrow, ill-paved streets, and 
wooden houses. There are here fine public gardens, well 
laid out, and commanding an extensive view. The town 
was destroyed by fire in 1848, when more than 1237 
houses, four bridges, and many granaries full of corn and 
provisions, were burnt. On that occasion the emperor dis- 
tributed 50,000 rubles (L.7812) among the poorer people 
who suffered by this calamity, Orel contains numerous 
churches, several schools, and benevolent institutions. Ma- 
nufactures of linen, leather, tallow, and other articles, are 
carried on ; but the place is chiefly important for its trade, 
which is much facilitated by the advantageous position of 
the town, in the middle of a fertile country, and on a navi- 
gable river. It is a great central mart for the com- 
, merce between the Black Sea, the Baltic, and the Caspian. 
Corn, wine, provisions, cattle, hemp, tallow, leather, &c., 
are the articles of trade ; and both Moscow and St Peters- 
burg are supplied with corn and provisions to a large extent 
from Orel. Several annual fairs are held here, which are 
well attended. Pop. (1851) 25,630. 

ORELLANA, Francisco, the first European navi- 
gator of the River Amazon, was born at Truxillo in Spain 
about the beginning of the sixteenth century. While still 
a young man, he emigrated to the recently- discovered 
continent of America. His services were first employed 
by Francisco Pizarro in the successful expedition against 
Peru in 1531. He then joinfed a band of adventurers 
who, under the command of Gonzalez Pizarro, the brother 
of the Peruvian conqueror, were bent upon carrying Euro- 
pean discovery into the interior of the continent Starting 
from Quito, the capital of the republic of Escuador, the ex- 
plorers with exceeding difficulty reached the course of the 
Napo, a tributary of the Maranon. Famine compelled them 
to stop. Through the energy and courage of Orellana a 
vessel was built, manned, and despatched down the river, 
under his command, to procure provisions. No sooner had 
he sailed away, than he formed the bold resolution of con- 
tinuing the expedition on his own responsibility, arid with 
the force now under his command. At length, in August 
1541, the solitary crew, after they had measured a con- 
tinent, and encountered the most unheard-of privations, 
came in sight of the open ocean. Orellana took the first 
opportunity of hastening to Spain to recount his adven- 
tures. The government believed his accounts of the tribe 
of female warriors that dwelt by the river he had discovered, 
and of the temples roofed with gold that he had seen. 
Accordingly the river was called the Amazon ; and a com- 
mission was given to the discoverer to establish colonies in 
this new “ El Doradp.” Orellana returned, only to die, in 
1549. 

ORENBURG, a government of Russia, partly in Europe 
and partly in Asia, lying between N. Lat. 47. and 56., E. 
Long. 50. 20. and 64. 20, ; and bounded on the N, by 
the government of Perm, N. W. by Viatka, W. by Kasan and 
Samara, S.W. by Astrakhan, S. by the Caspian, S.E. 
and E. by the Kirghiz steppes, and N.E. by Tomsk and 
Tobolsk.' Its length from N.W. to S.E. is 800 miles ; 
breadth about 450 miles ; area, exclusive of the Kirghiz 
steppes, 122,122 square miles. The surface of the country 
has a very different aspect in different parts. The Ural 
Mountains traverse it in an irregular line, but generally 
from N. to S., dividing the area into two very unequal por- 
tions — ^that to the W. being much the larger. The southern 
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portion, which is occupied by the Ural Cossacks, consists Orenl)urg. 
of a barren treeless steppe ; but farther to the north, on the 
Asiatic side of the Ural chain, there is a large plain, with 
numerous swamps, morasses, and small lakes. To the 
west of the mountains, again, the country is undulating ; 
with varied and picturesque scenery. The formation of the 
Ural Mountains at the base is granite ; but above this 
there are quartz and calcareous rocks. Many large 
caverns occur in these mountains. Gold is found in the 
chain, and constitutes one of the chief sources of mineral 
wealth to the government. The country west of the 
mountains is watered by the affluents of the Caspian Sea ; 
of which the principal is the Ural, flowing southwards 
from the mountains, and receiving in this government the 
Samara and other tributaries. This river forms part of the 
boundary between Europe and Asia. The western portion 
of Orenburg is watered by the Biela, Samara, and other 
streams which flow into the Volga, and thus into the 
Caspian. The rivers to the east of the Ural range are the 
Tobol, Abuga, Oui, and Mijas, which flow northwards to 
the Arctic Ocean. The greater part of the surface has a 
fertile soil, especially in the N.W. ; a large part of the 
government is covered with thick forests ; and a still larger 
portion consists of natural pasture-grounds, on which 
large herds and flocks wander. The climate is excessive 
in heat and cold, especially to the east of the Ural Moun- 
tains, where it is more rigorous than in the west. The 
southern steppes are very hot in summer, and these regions 
are afflicted by excessive drought and swarms of locusts. 
Agriculture is in a flourishing state, on account of the 
richness of the soil. The arable land amounted in 1849 
to 5,780,326 acres, the meadow land to 10,851,906 acres, 
the wood to 29,612,089 acres, and the waste land to 
48,451,163 acres. The amount of agricultural produce in 
the government in the same year was 38,112,219 bushels 
of corn, and 1,459,259 of potatoes. The principal crops 
raised are rye, barley, oats, buck- wheat, and millet. The 
inhabitants possess great numbers of horses, cattle, apd 
sheep, in which the chief wealth of Orenburg consists. 

There were here in 1849, 2,075,220 horses, 1,089,859 
horned-cattle, 2,321,934 sheep, and 207,143 swine. Be- 
sides the gold of the Urals, other minerals, such as copper, 
iron, salt, &c., are found, and th.e working of these em- 
ploys a large number of hands. Great quantities of fish are 
obtained in the River Ural. Manufactures are not carried 
on to any very great extent, being chiefly confined to smelt- 
ing, founding, and other operations connected with the 
mines. There are also, however, numerous tanneries, dis- 
tilleries, potash-factories, and a manufactory of arms. The 
women of the province show great skill in weaving and 
dyeing j and they make worsted shawls and similar articles, 
like those that are made in the Orkney and Shetland 
islands. The number of manufactories in Orenburg in 
1849 was 244, employing 17,104 hands. Of these there 
were 63 tanneries, 61 potash-factories, 43 tallow-melting 
houses, 40 tile-kilns, 17 smelting-houses and foundries ; 
besides other establishments. An extensive commerce is 
carried on in the government, with the wandering tribes, 
the Kirghizes, and the people of Bokhara. Horses, cattle, 
furs, &c., are obtained from the nomad tribes in exchange 
for manufactured articles, brass, copper, iron, &c. ; and 
silks, cotton, shawls, indigo, tea, and other goods are brought 
to Orenburg by the caravans from Bokhara. Mineral pro- 
duce is exported from Orenburg to the other parts of Euro- 
pean Russiaj and especially to the shores of the Baltic. 

The Kirghizes and Cossacks in Orenburg are not subject 
to the civil government but are under a military governor, 
whose principal duty is to superintend the line of forts by 
which the frontier towards Turkestan is secured. These 
extend in a line at the distance of 3 miles from each other 
from the Riveir Tobol to the Caspian. Besides adherents 
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Oren'burg of the Greek church, there are in the government numer- 
II ous Roman Catholics, Protestants, Mohammedans, and 
V j Pagans. Exclusive of the country inhabited by the Cos- 

^ ^ Orenburg is divided into nine circles, and contained, 

in 1851, 1,712,728 inhabitants, including 242,661 Cossacks. 

Orenburg, a town, formerly the capital of the above 
government, stands on the Ural, 465 miles N.E. of Astra- 
khan, and 657 S.W. of Tobolsk. It is of an oval form, 
with wide and regular, but ill-paved streets; and presents 
an active and agreeable appearance. It is surrounded by 
fortifications; and the most of the houses are of wood, 
though a few are built of stone. It has a cathedral and 
other Greek churches, Roman Catholic and Protestant 
places of worship, and two mosq\ies. The town has also 
two bazaars, a European and an Asiatic, each on the side 
of the river belonging to their respective countries. The 
former contains 180, and the latter 492 shops. ‘Manufac- 
tures of woollen cloth, leather, soap, and tallow, are carried 
on here. Orenburg is the chief emporium for the Russian 
trade with Central Asia. Caravans arrive here yearly from 
Bokhara, with jewels, gold, silk, cotton, &c.; and from the 
Kirghizes with cattle and hides ; while many merchants 
from China and India bring hither their goods. It is the 
principal military station on the Kirghiz frontier. Pop. 
16,000. 

ORENSE. See Galicia. 

ORESTES, the hero of several old Greek tragedies, was 
the only son of Agamemnon and Cly temnestra. The events 
of his history appear under various modifications in the 
ChcephoTct and Bumenides of ^schylus^ in the Electra of 
Sophocles, and in the Orestes and Iphigenia in Tauris of 
Euripides. The following account, however, contains the 
essential incidents of the story. On the murder of Aga- 
memnon by Clytemnestra and her paramour iEgisthus, the 
boy Orestes was saved by his sister Electra, and was en- 
trusted to the protection of his uncle Strophius, King of 
Pliocis. There he was educated, and formed a friendship 
with his cousin Pylades, which became proverbial. At the 
end of eight years a response of the Delphic oracle sent 
him home to Mycenae to revenge his father's death. Gain- 
ing admittance into the palace by stratagem, he slew Cly- 
temnestra and ^gisthus with his own hand, and thus entailed 
upon himself the severest woes. The Eumenides imme- 
diately appeared, and in punishment for the murder of his 
mother, remorselessly hunted him from country to country. 
They had tortured him into frenzy when he found himself 
at* Delphi. The oracle there, by informing him that he 
would free himself from his dread persecutors by bringing 
away the statue of Diana from Tauris in Scythia, only sent 
him into new troubles. He and his friend Pylades were on 
the point of being sacrificed to Diana, according to the 
custom of the country, when his sister Iphigenia, the 
priestess of the goddess, discovering them, assisted them 
to escape, and gave them the object of their visit. The 
sorrows of Orestes were thus ended, and the remainder of 
his life was prosperous. The hand of Hermione, the 
daughter of Menelaus and widow of Neoptolemus, was 
conferred upon him ; the death of his father-in-law left him 
in possession of his paternal kingdom of Mycenae; the 
Lacedaemonians voluntarily became his subjects ; and the 
Arcadians and Phocians became his allies. He died at an 
advanced age in Arcadia, in consequence of a bite from a 
snake. His bones were afterwards removed from Tegea 
to Sparta. 

ORFAH, or Urpah (anc. Edessa\ a town of Asiatic 
Turkey, in the pashalic of Diarbekir, and 80 miles S.W. of 
the town of that name. It is built on the lower part of two 
hills, and in an intervening valley ; and is surrounded by a 
lofty and strong wall, about 7 miles in circuit. The streets 
are narrow, but clean and well paved ; and there are nume- 
rous bazaars, and some good caravansaries. Among its 


numerous mosques there is one very splendid building, with Orfiia. 
several medresses or colleges attached to it. Coarse woollen 
and cotton stuffs are manufactured here ; the corn grown 
in the vicinity is exported to Syria; and manufactured 
goods are imported by way of Aleppo from Great Britain. 

Pop. about 30,000. 

ORFIL A, Mathieu-Joseph-Bonaventure, the founder 
of modern toxicology, and one of the most eminent of the 
French school of medicine during its brightest period, was 
by birth a Spaniard, and native of Minorca. An island 
merchant’s son looked naturally first to the sea for a pro- 
fession; but a voyage at the age of fifteen to Sardinia, 

Sicily, and Egypt, did not prove satisfactory. He next 
took to medicine, which he studied at the universities of 
Valencia and Barcelona with so great applause, that the 
local government of the latter city granted him a pension, 
to enable him to follow his studies at Madrid and Paris, 
preparatory to appointing Kira professor. He had scarcely 
settled for that purpose in Paris, when the outbreak of the 
Spanish war, in 1807, threatened destruction to his pro- 
spects. But he had the good fortune to find a parent in 
a merchant uncle at Marseilles, and a patron in the good 
and great Vauquelin the chemist, who braved the wrath of 
Napoleon against the Spaniards, claimed him as his pupil, 
guaranteed his conduct, and saved him fi-om expulsion firom 
Paris. Four years afterwards, he graduated in his twenty- 
fourth year, and immediately became a private lecturer on 
chemistry in the French capital. The peace of 1814 re- 
opened to him his native country, to which he considered 
himself bound to offer his services. Barcelona, however, 
impoverished by more than its own share of the miseries 
and devastation of war, was obliged to decline his offer. 

The talent and energy even of an Orfiia could scarcely 
have withstood the deadening influence of Spanish rule in 
the days of Ferdinand VII. So apparently thought Orfiia 
himself. For, when invited at a later period by that monarch 
to fill the vacant chemical chair of Proust at Madrid, he 
resolved to adhere to France, which became the land of 
his adoption by letters of naturalization. From that period 
he had a long career of distinction and unbroken prosperity. 

In 1819 he was appointed professor of medical jurispru- 
dence, and four years later succeeded his aged patron, 
Vauquelin, as professor of chemistry in the faculty of me- 
dicine at Paris. In 1830 he was nominated dean of that 
faculty, a high medical honour in France. Under the 
Orleans’ dynasty, honours were lavishly showered upon 
him ; for he became successively member of the Council of 
Education of France, member of the General Council of the 
Department of the Seine, and commander of the Legion of 
Honour. But the republic of 1848 put an end to these 
adventitious distinctions, and reduced him to his simple 
professorship. His fame and happiness would have pro- 
spered better had he never aimed higher ; for as a man in 
authority, he was eminently unpopular ; and as a man of 
business, he was of necessity withdrawn in some measure 
from his proper pursuits as a cultivator of science. Chagrin 
at the treatment he experienced at the hands of the go- 
vernments which succeeded Louis Philippe is supposed to 
have shortened his life. He died, after a short illness, in 
March 1 853, in his sixty-sixth year, and in the full posses- 
sion of his faculties and reputation. Only the evening be- 
fore his death, he delivered a lecture with his usual anima- 
tion ; and a few days previously, he read a scientific paper 
before the Academy of Medicine. 

Orfila’s chief publications are four in number, — on Ge- 
neral Toxicology; on Medical Jurisprudence; a treatise 
on Chemistry ; and a treatise op Medico-legal Exhuma- 
tions. But the medical journals team with valuable papers 
from his pen, chiefly on subjects connected with memcal 
jurisprudence. His fame will ever rest mainly on his 
TraiU de Toxicologie GSnirale, first published in 1814, 
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Orford when he was only in his twenty-seventli year. It is a vast 
II mine of experimental observation on the symptoms of 
Organ, poisoning of all kinds ; on the appearances which poisons 
leave in the dead body ; on their physiological action ; and 
on the means of detecting them. When one rises from a 
perusal of the earliest edition of that work, and considers 
how vast a proportion of it was at the time entirely new, 
it is not easy to say whether it is with greater wonder at 
the immense mass of information he so quickly collected, 
and, indeed, called into existence, or at the deplorable con- 
dition in which toxicology, especially in its relations to the 
law, must have stood before his researches. Few branches 
of science, so important in their bearings on every-day life, 
and so difficult of investigation, can be said to have been 
created, and raised at once to a state of high advancement 
by the labours of a single man. 

Orfila was superb as a lecturer. Possessed of a diction 
and method eminently lucid, a magnificent voice nicely 
toned by a musical ear and practice (it is said he was so 
admirable a vocalist, that he might have made his fortune 
as a baritone) ; discussing a subject of novel and intense 
interest, and of his own creation ; and with an audience of 
a thousand pupils before him, the most distant of whom he 
reached with conversational facility; nothing could be more 
attractive than his lectures on medical jurisprudence, as 
the writer heard them in 1821. In his frequent appear- 
ances as a witness on great criminal trials, he was no less 
conspicuous for the perfection of his preliminary inquiries, 
the luminous delivery of his statements in evidence, and 
his unflinching steadiness under cross-examination. Woe 
to the criminal whose guilt depended on the ability of 
Orfila to prove it ! 

The usage he received in his latter years from the ruling 
dynasty of France did not take away firom his attachment 
to the medical school of Paris, the scene and source of all 
his triumphs. In his will he left a fund of no less than 
120,000 francs (L.fiOOO), to establish prizes in the Academy 
of Medicine and the School of Pharmacy. According to 
the fashion of France, in bidding adieu to her great men in 
science, his funeral was an ovation ; and no fewer than six 
orations were pronounced over his grave in name of various 
scientific and professional bodies. (b, c.) 

ORFORD, a decayed municipal borough and market- 
town of England, county of Suffolk, at the confluence of 
the Aide and the Ore, 16 miles E. by N. of Ipswich, and 
80 N.E. of London, The church is a fine old building, 
with a square embattled tower ; and there is also here a 
town-hall, and the remains of an ancient Norman castle. 
The inhabitants support themselves chiefly by the oyster 
fisheries in the neighbouring rivers. On account of the 
sea having receded from the land, the harbour of Orford 
has been destroyed ; and this has led .o the decay of the 
place. Pop. 1045. 

ORGAN, by far the most noble and imposing of all mu- 
' sica* instruments. It is quite inconsistent with the de- 
sign and limits of this work for us to enter into all the de- 
tails of the nature and structure of the organ. They would 
fill a volume, and require many illustrative plates. We 
shall, however, endeavour to give such a general idea of 
the nature of the instrument as may satisfy those readers 
who are not professionally interested in the subject ; and 
we assure them that their own inspection of the mechanism 
of an organ (which is easily attained in every large town) 
will afford them more clear and satisfactory knowledge 
than hundreds of pages written in explanation of its con- 
struction. For minute details, we refer to LI Art du Fac^ 
tear d! OrgueSi by F. Bedos de Celles, published at Paris 
in 176,6 and 1778, in folio, with 137 plates. This is con- 
sidered, even now, as the best and most complete work 
on organ-building. It is a pity we have none such in the 
English language. See also the Abbe Vogler’s German 


works upon organ-building, and G. Serassi's Lettere sugli Organ. 
Organic printed at Bergamo in 1816; together with 
ports of the French Institute upon M. Greni^’s improve- 
ments on the organ. We suspect that the general want 
of improvement in organ-building in Great Britain may be 
traced to the absence of such works, and some others, in 
our own language, for the instruction of our organ-build- 
ers. This may also explain, in some degree, why almost 
all the best organs in England were constructed by fo- 
reigners. Recently, however, we are happy to perceive a 
spirit of emulation arising amongst our native organ-build- 
ers ; and we have little doubt that the ingenuity and supe- 
rior workmanship of British artisans will soon enable us to 
vie with, or excel, the best organ-builders of the Continent. 

But, to do this, we must cast aside all national prejudices as 
to organs, &c. and meet foreigners upon a fair and liberal 
ground of competition. 

The earlier history of the organ is extremely obscure. 

A small and imperfect instrument, somewhat on the prin- 
ciple of the organ, may have been known to the ancients ; 
but surely nothing like our great church-organ. We read 
of ancient hydraulic and pneumatic organs ; but such dis- 
tinction is so far erroneous, inasmuch as organ-pipes could 
not be made to sound by having water forced through 
them. The water must have been a moving power only, 
to impel the wind into the pipes. It would seem that the 
Greek and Latin terms egyawv and organum^ translated 
by the English word organ^ originally signified an instru- 
ment or machine of any kind, and were afterwards applied 
to musical instruments of all kinds. “ Organa dicuntur 
omnia instrumenta musicorumi' says St Augustin. Still 
later, according to St Isidore, these names, and or- 

ganum^ were applied to none but wind-instruments. In 
modern times the term organ, in a musical sense, came to 
signify only the instrument which we now know under that 
name. The passage in Eginbard's Annals which has been 
interpreted the sending of an organ by Constantine Co- 
pronymus to King Pepin in the year 757, may more pro- 
bably mean “ various musicalinstruments,*^ since the words 
are, Constantinus Imperator Pipini regi multa misit mu- 
7iera, inierque et organa^' &c. A writer of the sixteenth 
century has ventured to describe the supposed organ sent 
to King Pepin ; and, by force of imagination, makes it out 
to have been a grand organ with pedals. In Luitprand's His- 
tory (book vi. c. 2) there is a curious passage regarding an 
instrument sent to the Emperor Constantine in 950: — 

Erat Regia ornata sumtuosissime, ibi senea inaurata ar- 
bor ante ipsius imperatoris solium effulgebat, expansis 
magnum in modum ramis aereis atque inauratis; in his 
frequentissimae variarum specierum aves arte confictae, 
quarum singulae speciei proprias voces cantusque emitte- 
bant, incredibili arte.” In the second volume of Gerber t 
( De Cantu et Musica Sacra, plate xxviii.) will be found 
a representation of a tree of this kind with birds upon it. 

The Chronicle of Albericus adds to the singing of the 
birds before Constantine, the roaring of enormous gilded 
artificial lions.” (See Gerbert, vol. ii. p. 151.) That such 
birds can be made, is certain from Maillardefs beautiful 
little artificial bird, which started up out of a gold snuff- 
box, fluttered its wings, and sang with a pipe so clear and 
loud as to fill a large room. It would appear that, in the 
rude instruments called organs in the eleventh and twelfth 
centuries, the pipes were disposed in such a manner that 
every sound in its finger-key compass caused the fifth and 
the octave of that sound to be heard above it. Such a 
succession of fifths and octaves was called “ organum,” no 
doubt par excellence. From this and the old and extraor- 
dinary specimens of Biscantus, or JDiscantus, given by Ger- 
bert and others, and alluded to in our article Music (page 
623), we are inclined to believe that the modern mixture- 
stops of the organ have originated. We leave the consi- 
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Organ, deration of the ancient organs to antiquaries, and nowpro- 
ceed to the modern organ, which seems to have assumed 
something of its present form in the fifteenth century.^ 

The mechanism of the modern organ has been much im- 
proved at different times by different builders. The fa- 
mily of the Antegnati, of Brescia, were amongst the earliest 
famous organ-builders in Italy in the fifteenth and six- 
teenth centuries. In the eighteenth century there were in 
Italy many celebrated organ-builders, amongst whom Se- 
rassi of Bergamo, and Callido of Venice, each constructed 
upwards of three hundred organs. 

Most of our readers probably know already^ that the 
great organ is a complex wind-instrument, consisting of a 
great number of pipes of different sizes, formed of wood 
and of different kinds of metal, some of which are flute- 
pipes or mouth-pipes, and others reed-pipes ; whilst all of 
these are made to sound by means of compressed air applied 
to them through certain channels, by bellows worked ei- 
ther by human force or by mechanism. There are differ- 
ent kinds of organs, from the Lilliputian bird- organ up to 
the great church-organ. We pass over the minor ones, in- 
cluding the chamber-organs and the smaller chapel-organs, 
and proceed to the great church-organ. We need not de- 
scribe its front, nor the case in which its mechanism is con- 
tained. The great church-organ has usually three rows of 
finger-keys, placed above each other like steps. In some 
©f the largest organs there are four, or even five such rows 
of keys. Besides these, there are rows of pedals, or foot- 
keys, which act upon the larger pipes of the organ. The 
bellows communicate, by a wind-trunk, with wind-chests, 
or reservoirs of air, whence the wind is distributed to the 
various pipes of the organ when the finger-keys or the 
foot-keys (pedals) are pressed down. Attached to the up- 
per part of each wind-chest is a sound-board, as it is rather 
improperly called. This sound-board consists of two parts, 
an upper and an under board, the latter of which is much 
thicker than the other. Both of these are formed of planks 
of wood laid horizontally side by side, and accurately join- 
ed together at their edges. In the under side of the lower 
board several rectangular grooves or channels are cut paral- 
lel to each other, and carried along nearly the whole length 
of the board, and as far as there are stops in the organ. In 
these channels are fixed bars of wood, so as to render each 
channel or partition completely separate from every other. 
In the upper side of this board are cut a number of other 
rectangular channels or grooves running across the board, 
and at right angles with the under grooves. Into these 
upper grooves are exactly fitted wooden sliders, or regis- 
ters, which run the whole length of the grooves. These 
sliders can be drawn out so far or pushed in at pleasure, 
by a mechanism attached to the draw-stops that are placed 
on the right and left in front of the organ. Holes corre- 
sponding with the number or rows of organ-pipes placed 
above the sound-board, are pierced through the latter into 
the above-mentioned channels, and also through the slid- 
ers or registers, in such a manner that when the latter are 
drawn out, their holes correspond with those of the sound- 
board, and allow the air from the wind-chest to pass through 
them and through the other holes in the sound-board; 
K^Iiilst, on the contrary, when the sliders are pushed in, 
they completely prevent any air from passing from the 
wind-chest to the pipes above the sound-board. Above 
all, and corresponding with the upper holes of the sound- 
board, are placed the pipes, fitted in by their conical feet 
^ to what are called the stock-boards. There are rows of 
thin boards, called racks, which are sustained by pillars of 
wood, and which receive the upper part of the feet of the 
pipes in holes made for the purpose. Opening into the 
wind-chest, and fixed upon the under side of the sound- 
board, are spring-valves, which are connected, by a parti- 
cular mechanism, with the finger-keys and pedals ; and 


-which, when the sliders are drawn out, and the keys and Organ, 
pedals pressed down, are made to open, and so to admit 
the air from the wind-chest into the channels or partitions 
belonging to the different rows of pipes constituting the 
various stops of the orgam The pedals and the finger- 
keys communicate with these spring- valves by means of an 
apparatus of trackers, cranks, and rollers, acting upon pull- 
down wires that pass through the bottom of the wind-chest, 
and are attached to these valves. The draw-stop move- 
ment, by which the sliders are drawn out or pushed in, 
consists of a similar mechanism. In some organs these 
sliders are superseded by another contrivance. Thus, in 
what are called by the Italians somieri a vento, the open- 
ing of a given stop or register is not effected by drawing 
out a wooden slider, so as to make its apertures correspond 
with those in the sound-board ; but by pulling open, all at 
once, in the channels of the sound-board, as many small 
valves as there are pipes to that given stop. These small 
valves are made to open by pulling out a draw-stop, and 
to shut by pushing it in again. They are considered to 
have many advantages over the ordinary slider, as being 
more durable, and less subject to the influence of changes 
of the weather. 

A stop is called simple if it consists of one row of pipes, 
and compound if it consists of more than one row. As to 
the different rows of finger-keys, each communicates with 
what is really a separate organ, or collection of pipes, with 
its peculiar wind- trunk, wind-chest, sound-board, &c. These 
different organs are generally three, and are called the 
great organ, the choir-organ, and the swell-organ. The 
middle row of keys is connected with the great organ, the 
lower with the choir-organ, and the upper with the swell- 
organ. The swell-organ has its pipes enclosed in a wooden 
box furnished with a sliding door, or a hinged door, which 
is gradually opened or shut by mechanism moved by the 
performer's foot applied to a pedal. All these different 
organs, constituting the great church-organ, are supplied 
with air by the same bellows, and by suitable wind-trunks 
connected with the bellows. The bellows now generally 
used are horizontal ones, instead of the old ones resem- 
bling blacksmiths’ bellows. For some improvements in 
the sound-board and its appurtenances, see Serassi’s Let- 
tere sugli Organi, 

We have already mentioned, that the pipes of an organ 
generally consist of mouth-pipes and of reed-pipes. With 
regard to the mouth-pipes, their nature may be pretty 
well understood by any one acquainted with the upper 
part of the common English flute, or the flageolet. The 
reed-pipes are explained in a subsequent part of this arti- 
cle. What we have said regarding sonorous tubes in the 
article Music, pages 608, 613, 615, may assist the reader 
in understanding our notices of organ-pipes. Organ-pipes 
are either open, or stopped, or half-stopped. ,The stopped 
ones have a plug or tompion inserted into their upper end, 
and pushed down or pulled up to regulate the pitch. The 
half-stopped ones have a kind of chimney at the top. 

Some of the middle-sized ones are partly stopped, and 
have also on each side of the mouth a kind of ear of metal, 
by bending of which outwards or inwards, the pitch of the 
pipe may be regulated. The largest pipes are square ones 
of wood, and belong to the pedals. In some great organs, 
the largest open pipe thirty-two feet in length. The other 
pipes are made of wood or of metal. It has been observed 
by organ-builders and others, that the quality of tone 
(tifnhTe) of pipes depends much upon their proportions in 
length and width, the material of which they are made, 

&c. ; and also upon the form of their open top, by which 
the wind escapes* We shall have occasion to notice this 
again, when describing some of Greni^’s improvements. 

A reed-pipe, with a conical tube which *has a bell-shaped 
end, as in fig. 1, gives the most brilliant aound. If the pipe 
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Organ, have a reversed conical top, as in fig. 2, the sound be- 
comes dull. If two similar truncated 
cones placed base to base be fixed to Fig. 1. Fig. 2. Fig. 3. 
the wider end of a long conical tube, 
as in fig. 3, a reed-pipe so formed will 
give fulness gind strength to the sound. 

Theory affords no satisfactory expla- 
nation of these facts. The itmdre of 
the stopped and of the half-stopped 
pipes is softer and duller than that of 
the open ones. Pipes of pure tin have 
long been known to possess a iimdre 
more clear and penetrating than those 
made of tin mixed with lead. Some years ago, a Bohe- 
mian organ-builder made some of his pipes of zinc, which 
was said to answer better than even tin. No doubt vari- 
ous simple and compound metals, and various other sub- 
stances that have not yet been used in the making of or- 
gan-pipes, might be employed with advantage to produce 
a still greater variety of timbres and effects ; and for the 
same purpose, various modifications of the ordinary forms 
of pipes might also be employed. 

The pipes and stops of an organ differ in number and kind 
according to the size of the organ, the fancy of the builder, 
and the taste of the public. Li some Dutch, German, and 
Italian organs, there seems to be a superfluity of stops. An 
immense organ at Weingarten, in Germany, is described as 
having sixty-six stops and 6666 pipes. The great organ at 
Haarlem contains sixty stops, audits largest pipe is thirty- 
two feet in length. For an enumeration of the stops of three 
of Silbermann’s organs at Dresden, we refer to a Ramble 
among the Musicians of Germany, published at London in 
1828 (pp. 193, 194 j, 195). One of the largest organs in 
Italy is said to be that built in 1733, by Azzolino della Ci- 
aja, for the church of the Cavalieri di S. Stefano at Pisa. 
It is said to have four rows of finger-keys, and more than 
100 stops. Another remarkable one is in the church of 
S. Alessandro, in Colonna, at Bergamo. It was built by 
Serassi in 1782, and has three rows of finger-keys, and 
about 100 stops. In it the first and second rows of keys 
serve for the great organ, and the second organ or choir- 
organ, built together in the same part of the church. By 
mechanism, which passes under ground, and extends to a dis- 
tance of about 115 feet English, the third row of keys is con- 
nected with a third great organ placed in another part of the 
church, and directly opposite to the first great organ. Not- 
withstanding such a distance from the keys, the third or- 
gan obeys them as readily as the first one does. Its low- 
est pedal-pipes consist not only of mouth-pipes, but also 
of reed-pipes. The following is a brief description of an- 
other organ built by Serassi in 1796. Two rows of fin- 
ger-keys, the upper for the great organ, the ripieno of which 
consists of the following stops ; Two principal soprani ; 
two principal basses ; octave, twelfth, fifteenth, twenty- 
second, twenty-sixth, twenty-ninth, two thirty- thirds, two 
thirty-sixths, and twelve deep bass stops belonging to the 
chromatic scale, with the octaves of these, all, however, 
governed by one register. The different stops belonging 
to the great organ are, the sesquialtera ; two cornets ; fiute 
in octave ; flute in twelfth ; German-flute ; vox humana ; 
viola ; bassoon ; English horn ; trumpets ; trombones ; cym- 
bals ; kettle-drums, and bass- drum, the last being man- 
aged by a pedal. The lower row of manuals or finger- 
keys serves for the second organ, or choir-organ. It has 
its ripieno, composed of principal, octave, fifteenth, nine- 
teenth, twenty-second, twenty-sixth, and twenty-ninth; 
and has, besides, the stops of cornet, flute in octave, vox 
humana, and violoncello. By means of a pedal moved by 
the right foot, all the stops of the first organ can be open- 
ed or shut at once.” 

' Of the different stops or registers of an organ, some de« 


rive their names from the instrument the tone of which 
they imitate, and some from the relation in pitch which they' 
bear to the sounds of the diapason stop, as octave, twelfth, 
fifteenth, seventeenth, and so on. We subjoin a brief 
account of the most usual organ-stops. I. Open diapason ; 
consists of metal mouth-pipes open at the upper end, and 
extends through the whole scale of the organ, as its name 
diapason imports. II. Stopped diapason ; mouth-pipes 
generally of wood, and their pitch an octave below that of 
the open diapason. They are stopped at the upper end. 
III. Double diapason ; wooden mouth-pipes, open at the 
upper end, and their pitch an octave lower than those of the 
open diapason. They are generally confined to the two low- 
est octaves of the organ^s compass. In some of the largest 
organs, the gravest sound of these is rendered by an open 
pipe thirty-two feet in length, IV, Principal i metal mouth- 
pipes, the pitch of which is an octave above the open dia- 
pason. The principal is the first stop tuned ; and then, 
from it, all the other stops. V. Dulciana ; a metal mouth- 
pipe stop, tuned in unison with the open diapason. The 
sweetness of its tone originates in the length and narrow- 
ness of its pipes. VI. Twelfth; metal mouth-pipes tuned 
a twelfth above the open diapason. VII. Fifteenth ; metal 
mouth-pipes tuned an octave above the principal. There 
are, in some organs, stops named Uerce or seventeenth, la* 
rigot or nineteenth, twenty^second, twentg^sixth, twenty-ninth, 
thirty-third, &c., tuned respectively at these intervals above 
the open diapason. VIII. Flute ; metal and wood mouth- 
pipes, in unison with the principal. IX. Trumpet ; reed- 
pipes of metal, in unison with the open diapason. X. Cla* 
rix>n or octave trumpet-stop ; metal reed-pipes tuned an 
octave higher than those of the trumpet stop. XI. Bas^^ 
soon ; reed-pipes, in unison, as far as their compass reaches, 
with pipes of the open diapason. XII, Cremona, or pro- 
perly krum^horn; reed-pipes, in unison with the open dia- 
pason. XIII. Oboe ; reed-pipes, in unison with the open 
diapason. XIV. Vox humana ; reed-pipes, in unison with 
the open diapason, and intended to imitate the human voice, 
a function which in general they perform very unpleasingly* 

Amongst the compound stops used in organs are, I. The 
sesquialtera, consisting of four or five rows of open mouth- 
pipes at the intervals of seventeenth, nineteenth, twenty- 
second, twenty-fourth, or twenty-sixth, above the open dia- 
pason. II. The cornet, a stopped diapason, principal, twelfth, 
fifteenth, and seventeenth. HI. Mixture qx furniture stop, 
consists of several ranks of pipes nearly the same as those 
of the sesquialtera, but some of them of a higher pitch. 
Vogler denounces the mixture-stops as insignificant!* 
We have sometimes heard a harsher term applied to them. 

In Costanzo Antegnati's Axte Organica we find the 
followbg exposition of the series of registers or stops of the 
organs then used in Italy. 
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In order to enable the reader to form a clearer idea of 
the distribution of the pipes of an oirgan, we subjoin a 
sketch of a row of the usual pipes of the great, organ (as 
contradistinguished from the choir and swell organs), and 
as these pipes stand upon and are inserted in the top of 
the sound-board. To simplify the diagram, the rack-board 
and pillars are not represented here. The letter t indi- 
cates the trumpet;/^ furniture; sss, sesquialter; 15, fif- 
teenth; 12, twelfth; p, principal; sd, stopped diapason; 
od, open diapason ; SB, the top of the sound-board. The 
other rows of pipes are, of course, to be imagined as placed 
behind those pipes here represented, and as extending, 
in their respective ranks, the whole length of each stop 
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or register, in lines at right angles with the line formed 
by the row of pipes shown in the diagram. 


Fig. 4. 



Not many years ago, M. Gre- 
nie, a French amateur of music, 
introduced several important im- 
provements in the construction of 
reeds for organ-pipes. (See the 
Reports of the French Institute, 

&c.) His reed (AB in the an- 
nexed figure 5) was made of wood 
or copper, square-edged, and of 
the form of a parallelopipedon. 

[In order to show the difference 
between the construction of M. 

Greniers reed and the common 
organ-pipe reed, we add a dia- 
gram of the latter, fig. 6.] The 
tongue was a thin plate of brass, 
of an even surface, and cut in 
a rectangular shape, so as to fit 

almost exactly the grooved face of the reed. A strong 
wire-spring cc kept down this tongue firmly upon the reed, 
at the proper length, so as to regulate the tongue's vibra- 
tions. The result of such a construction is, that when 
this reed, enclosed in its tube, is made to sound by air 
forced into the porte-vent DEF, by the aperture at F, the 
air thus introduced not obtaining admittance into the reed 
between the tongue and the sides of the reed-groove, im- 
pels the tongue into the latter. A little air having been 
♦■hus admitted into the reed-channel, the elasticity of the 
tongue makes it resume its former position, so as again to 
exclude the air. The velocity which the tongue had ac- 
quired in its first vibration causes it, when returning, to 
pass beyond the limit of its former position, to which it is 
again brought back by the resistance of the air, and by 
its own elasticity, and whence the impulse of the current 
of air from the porte-vent again forces it into the reed- 
channel. The advantages of this construction are, that 
the tongue does not strike against the edges of the reed, 
as- in the common reed-pipes, which thereby produce a 
harsh and uneven tone ; and that its movements are smooth 
and regular, since it has nothing to encounter in its vibra- 
tions but the air itself. The sound of M. Greni6's reed- 
pipes is said to be, in 'the most acute as well as in the 
gravest of them, as sweet and pure as that of flute-pipes. 
M. Grem6 adapted the degree of strength and rigidity of 
each tongue to the breadth of the reed'cbannel which it 



had to cover, so that the stream of air could never throw Organ, 
it into vibrations around its axis. The strength of the'^'**"V^ 
spring-wire also kept the length of the vibrating portion 
of the tongue unchanged ; so that, whatever the force of 
the wind, the tone never altered its pitch. Only the in- 
tensity of the sound was affected by the greater or less 
impulse of air. By means of a pedal, the performer moved 
a spring-bellows, and, by thus regulating at pleasure the 
force of the wind, could obtain a crescendo and dimi^ 
nuendo in all the reed-pipes, as perfect as that of the hu- 
man voice, or of instruments modified in their sounds by 
the lips and breath of the performer. 

The air which causes these reeds to vibrate passes out 
through open pipes, bevelled off into a cone, 
and terminating in a hemisphere, fig. 7. This Fig. 7. 
form is said to give roundness and strength to 
the tone. 

M. Greni6, when constructing his reed-pipes, 
was for a long time checked by a very curious 
phenomenon. He was at first occupied witli 
the gravest octave of which the sound C is 
in unison with an open flute-pipe of eight feet ; 
and had constructed a certain number of pipes, 
in giving wind to all his reeds by pipes of the 
same length, fig. 8. But when he had reached the first 
notes of the tenor compass, still con- 
tinuing to construct his porte-vents in Fig. 8. 
the same manner, the reed would not 
sound at all. He in vain increased and 
diminished the wind, in vain length- 
ened and shortened the tongue; the 
reed remained mute, or produced only 
very bad sounds. At last, after many 
attempts, M. Greni6 thought that the 
length of the pipe which conducts the 
wind to the reed might have some un- 
known influence upon its vibration. He therefore substitut- 
ed for his fixed tubes two pipes, of which the one was made 
to slide wdthin the other, so that he could gradually vary 
the whole length. He tried this change of length until 
the reed produced a clear, pure, and sustained sound. He 
found also, that in order to obtain the tenor sounds in all 
their fulness, it was necessary to make the porte-vent 
much longer than for the sound immediately preceding, 
and this length always went on diminishing for the most 
acute octaves, as is represented by fig. 9. Then the tops 

Fig. 9. 


c 



of the pipes formed the curve C C' This seemed to 
indicate that, by prolonging that curve, one would obtain 
the most favourable dimensions for those pipes of the 
first octave which M. Grenie had at first made of equal 
lengths^ But, to his great surprise, he found that there 
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Organ, was no advantage whatever in doing so ; but that, on the 
contrary, the sounds became very dull and irregular. He 
therefore reasonably adhered to his first construction, which, 
nevertheless, he still purposed to improve, by afterwards 
making all his porte-vents sliding tubes, so that each of 
them might have the most favourable length given to it. 
He has since constructed, on this same model, open reed- 
pipes of sixteen feet, which sound with very remarkable 
distinctness, strength, and regularity. In this case the 
tongue is a flat slip of copper, in length 0*240 of a metre, 
in breadth 0*035 of a metre, in thickness 0*003 of a metre ; 
equal respectively to 9*449040, and 1*377985, and 0*118113 
English inches and decimal parts. Its vibrations are so 
powerful, that they cause the pipe in which it is placed, 
the porte-vent over which it is mounted, and all neighbour- 
ing elastic bodies, to tremble. Of course, in order to make 
it sound, a powerful and well-managed bellows-force is 
necessary. That which M. Grenie employed was perfect 
in regularity and power. It had a double current of air, 
and w^as worked by one handle. M. Greni4 obtained a 
patent for his improvements. He considered the mixture- 
stops in common organs as productive of nothing but bad 
ofiects, and therefore excluded them from his organ. (See 
report by Cherubini, Catel, Baillot, &c. in 1811.) We have 
given so full an account of Greniers improvements, in order 
to excite the attention of British organ-builders to this 
subject, and induce them to discover many more improve- 
ments of which our organs are unquestionably susceptible. 

One of the greatest steps to improvement in English 
organ-building was made upwards of twenty years ago, by 
Messrs Flight and Robson of London, in the construction 
of their magnificent organ, called the Apollonicon. It was 
exhibited to the public, and attracted vast numbers of vi- 
sitors. The ingenuity of its mechanism, the excellence of 
its workmanship, the fineness of its tone, and the novelty 
and grandeur of its efiects, were universally acknowledged. 
This fine instrument was played either by means of the re- 
volutions of three large cylinders, or else by means of six 
different sets of finger-keys acted upon simultaneously by 
six different performers. The Apollonicon was about twen- 
ty-four feet high and twenty broad. We heard it in 1817, 
and were much struck by its varied and powerful effects. 
However, the room in which it was placed was neither suf- 
ficiently large, nor so proportioned in form, as to display 
the powers of this organ to the best advantage. This fine 
instrument alone is sufficient to bear us out in what we 
have said at the beginning of this article, as to the cer- 
tainty of English organ-builders being able to rival, or to 
excel, the foreign ones, if they choose to exert themselves. 

Several methods have been proposed in England to ren- 
der the intonation of the organ less imperfect, by dividing 
the octave into a greater number of intervals than the usual 
twelve : amongst others, that employed in Hawke’s patent 
organ, described in the thirty-sixth and thirty-ninth volumes 
of the Philosophical Magazine. Hawke divided the octave 
into seventeen intervals. Loeschman’s patent organ was 
another of this kind. He divided the octave into twenty- 
four intervals, which were produced by six pedals and 
twelve finger-keys. (See description in vols.xxxvii.xxxviii. 
of Philosophical Magazine.) In 1810, the Rev. Henry Lis- 
ton, a clever and ingenious Scottish clergyman, obtained 
a patent for an instrument, constructed by Messrs Flight 
and Robson, which he named the Enharmonic Organ^ 
(See vol. xxxvii. of Philosophical Magazine.) Another 
organ, similar to the one last mentioned, was made for Mr 
Liston by the same builders. • (See Philosophical Magazine, 
vol. xxxix.) It had eleven pedals, six of which were the 
same as those in Loeschman’s organ. In the second organ 
built for Mr Liston, there was a contrivance for an occa- 
sional alteration of the pitch of the pipes, in the requisite 
, degree, by means of flat metallic plates, which, when acted 
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upon by the pedals, were brought, at due distances, over Org^o. 
the tops of the open pipes, or opposite to the mouths of Lyricon. 
the stopped pipes, so as to flatten the pitch when this 
change was required. 

The object of Mr Liston's organ was to supersede tem- 
perament ; but although its ingenuity and its effects were 
admired by many of the best musicians in London, the 
complexity of its manuals and pedals prevented it from 
ever being generally adopted. And this has been the fate 
of all such instruments, in modern as well as in ancient 
times; for attempts of a similar kind were made, cen- 
turies ago, to introduce such minute subdivisions of the 
octave into keyed instruments. The Spanish writer Sa- 
linas, in his work De Musica (lib. iii. c. 27), speaks dis- 
paragingly of an instrument called an Arch icy mbalum, 
which had been constructed in Italy above forty years 
before the publication of his work in 1577, and in which 
every tone was divided into five parts. “ Non silentio pras- 
termittendum arbitror instrumentum quoddam, quod in 
Italia, citra quadraginta annos fabricari coeptum est, ab 
ejus autore, quisquis ille fuit, Archicymbalum appellatum. 

In quo reperiuntur omnes toni in quinque partes divisi : ex 
quibus tres vindicat sibi semitonium majus, et duas semi- 
tonium minus, a quibusdam magni nominis musicis in pre- 
tio habitum, et usu receptum : eo quod omnis in eo sonus 
habet omnia intervalla, atque omnes consonantias (ut sibi 
videntur) inferne, et superne, et post certam periodum ad 
eundem, aut equivalentem sibi sonum post 31 intervalla 
reditur,” &c. In the latter part of the last century, F. X. 

Richter, chapel-master in the cathedral of Strasburg, usu- 
ally composed upon a clavichord, which had twenty-one 
sounds to the octave, and which then seemed to be upwards 
of two hundred years old. Richter died in 1789, aged 
eighty. 

An Enharmonic Organ was built by Messrs Robson, 

London, in 1856. , It is, according to its inventor, an at- 
tempt to determine the just division of the canon or musical 
string in one key, and then apply the same proportions over 
again, beginning from some of the previously determined 
divisions. The result is the production of 38 manuals in 
the octave, divided among three finger-boards, and extend- 
ing to 20 keys. The inventor has published an account of 
it (Wilson, Royal Exchange, London), with an appendix, 
tracing the identity of design with the enharmonic of the 
ancients. 

(For some hints regarding the proper use of the organ, 
see the article Music. Those who wish to extend their 
knowledge of this subject will find abundance of informa'- . 
tion upon the history and the construction of the organ, 
and the art of playing it, in works published in Germany, 

France, and Italy. Tiie German works are the most nu- 
merous. See in particular : — G. C. F. Schlimbach, TJeher 
die Strnktur^ Erhalfung^ Stimmung und Priifung der Or* 
gel, Durchgesehen und Vermehrt von C. F. Becker, mit 
o kpfrt, gr. 8, Leipsic, 1 S43 ; The Organ, iu History and 
Constrnction, by Dr Rimbault and E. J. Hopkins, Esq., 

London, 1856 ; C. H. Rink, Practische Orgehchnle, in 6 
parts, Leipsic, v. y., one of the best practical works on or- 
gan-playing.) (g. f. g.) 

OR(JANO-LYRICON, a musical instrument invented 
at Paris in 1810, by M. de Saint Pern. Its height is about 
eight feet two inches English, its breadth six feet six and 
a half .inches, its depth about four feet four inches. It 
consists of a piano-forte, coupled with twelve different wind- 
instruments, viz,, three kinds of flutes, an oboe, a clarinet, 
a bassoon, horns, trumpet, and fife. It has two rows of 
finger-keys. The lower row belongs to the piano-forte; 
but, by an ingenious mechanism, and according to the de- 
pression of the keys by the performer, it may be made to 
sound either the piano-forte alone, or a flute, or an oboe, 
or to unite them all. The upper row of finger-keys has 

4 X 



714 0 R G 

Orgia no action on the piano-forte ; but, by management of the 
II pressure, it causes the German flute or the oboe to sound, 
Oribasius. ^nd produces rinforzi by the gradual re-union of several 
v/ind-instruments. Independently of these functions, this 
row of finger-keys is destined for a great church-organ 
placed above it. The correspondence between the two 
rows of finger-keys is such that they may, at the will of 
the performer, act together or separately, or even par- 
tially. The finger-keys are singularly light in their touch, 
even at their maximum of depression. At the bottom of 
the instrument there are pedals for the double bass, and for 
other combinations. The wind-chests are numerous, and 
of such capacity that the wind of the large bellows which 
fill them cannot produce in them any augmentation injurious 
to the purity of the timbre and the trueness of the intona- 
tion. In this instrument, by means of ingenious con- 
trivances, the inconveniences of an irregular supply of wind 
have been carefully avoided. A double pedal for the right 
foot enables the performer to work the bellows himself 
when he is alone; An adjacent pedal, turned the opposite 
way, enables an assistant to do this. But to avoid the 
trouble of these pedals, M. de Saint Pern placed in an 
adjoining room a large piece of clock-work, moved by a 
weight of fifty pounds, which served instead of a bellows- 
blower. The performer has beside him a mechanism that 
communicates with the clock-work, and, by means of a 
click and spring, leaves the weight going, or stops it at 
pleasure. (See report read to the French Institute on the 
10 th of September 1810 5 also report of the French Con- 
servatory of Music, 12 th August 1810, where it is said 
that M. de Saint Pern^s organo-lyricon might, in a large - 
room or a chapel, hold the place of an orchestra, and imitate 
nearly all the effects of one ” (g. f. g.) 

ORGIA. See Bacchus. 

ORIA, a town of Spain, in Andalusia, province of 
Almeria, 82 miles N.of that town. It is ill and irregularly 
built; and contains a church, several hermitages, and a 
school. The inhabitants are engaged in agriculture, and 
linen manufactures. Pop, 5600. 

Oria, or Urifania^ a town of Naples, province of 
Brindisi, and 22 miles W.S.W. of that town, has a pic- 
turesque site on a steep hill, surmounted by an ancient castle. 
It contains a cathedral, and is the see of a bishop. In the 
vicinity are extensive olive plantations, gardens, orchards, 
and vineyards. Trade is carried on in honey and wax. 
Pop. 4820. 

ORIBASIUS, a celebrated Greek physician, was bom 
in the former half of the fourth century at Pergamum, in 
Mysia, the birthplace of Galen. He studied medicine 
with success under Zeno of Cyprus, and soon acquired a 
great professional reputation. The chief cause, however, 
of the good fortune of his life was the steady friendship of 
Julian. On being elevated to the rank of Caesar, that 
prince took the young physician along with him into Gaul, 
made him his confidant as well as his medical adviser, and 
employed him to write an epitome of Galen, After he bad 
been proclaimed emperor in 361, he appointed him quaestor 
of Constantinople, and entrusted him with the vain enter- 
prise of restoring the Delphic oracle. The death of Julian, 
in 363, left Oribasius exposed to the malice of his enemies. 
His goods were confiscated, and he was exiled to some 
barbarous country. Yet the imperturbable fortitude which 
he then began to manifest soon led to bis triumphant recall. 
He set himself actively to practise his profession; the 
barbarians, astonished at his skill, scarcely refirained from 
paying him divine honours ; his countrymen soon repented 
of having banished such an able physician, and so mag- 
nanimous a man ; and in the course of a few years he was 
recalled and restored to his former position of wealth and 
esteem. The rest of his life was employed in writing, amid 
‘Other engagements, a synopsis of his epitome of Galen, for 
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the use of his son Eustathius. The date of his death is Origsn. 
unknown. He was still living when Eunapius, the chief 
authority for his biography, about 395, inserted his Life in 
the Vitce Philosophorum et Sophistarum, 

Of the several works which Oribasius is said to have 
written, three alone remain, either entire or fragmentary. 

His SvmyfoyaL TarptKa^ Collecta Medicinalia^ originally 
in seventy books, now exists in the shape of twenty-five 
whole, and two fragmentary books. Although professedly 
an epitome of Galen, it contains many valuable extracts 
jfrom other writers whose works are now lost. His Swoi/rts, 
consisting of nine books, and his EvTroptara, consisting of 
four books, were published at Venice in Latin, by J. Bapt. 
Rasarius, the former in 1554, and the latter in 1558. The 
same editor also translated nineteen books of the other work 
of Oribasius, and published all these translations together 
in three volumes, 8 vo, Basle, 1557. 

ORIGEN {D>pLymj<s) was the son of an excellent Christian 
named Leonides, and was born in Alexandria about a.d. 186. 

His boyhood gave full promise of saint-like piety and great 
intellectual attainments. He loved to read the Scriptures, 
to commit large portions of them daily to memory, and to ask 
his father to explain the difficult passages. The good 
Leonides was wont of an evening to visit the couch of his 
sleeping child, and, uncovering the little bosom, to kiss it 
with the reverential thought that the Holy Spirit might 
dwell there. Although a pupil for some time of Clement 
of Alexandria, the boy did not permit the rationalistic 
teachings of his master to cloud the simple piety of his heart. 

When he heard in his sixteenth year that his father was 
apprehended for the truth, all the devotion of a martyr was 
stirred within him : he wrote to Leonides, — ‘‘ See that you 
do not change your mind on our account f and had not 
force been employed to detain him at home, he would have 
gone to meet death along with his parent. 

All this promise began to be fulfilled in Origen when 
the martyrdom of his father had cast him destitute upon the 
world. At first he earned a livelihood by giving lessons 
in the Greek language and literature. Then, in course of 
time, being appointed to the gratuitous office of catechist 
by Demetrius, Bishop of Alexandria, he devoted himself 
with self-sacrificing ardour to the duties of a Christian 
teacher. All other employments were set aside : a choice 
collection of ancient authors was sold to supply the bare 
necessaries of life ; the most pinching asceticism was prac- 
tised : the moral precepts of the Bible were obeyed to the 
very letter; and in the height of his reckless fanaticism, 
he even ‘‘made himself an eunuch for the kingdom of 
heaven’s sake.” With the same devotedness did the youth- 
ful missionary discharge his public duties. In controversy, 
his fervid and affectionate address melted the stubborn 
prejudices of many a philosophic heathen; in the persecu- 
tion under the government of Aquila, he communicated his 
pious heroism to his young converts ; and when any of these 
were summoned to martyrdom, he appeared on the scaffold 
to cheer their departing spirits. 

It was this same proselytizing ardour that now began to 
change the direction of Origen’s theological studies and 
opinions. He saw that it was necessary to understand fully 
the tenets of the pagan philosophy before he could fully 
refute them. To leai-n these tenets, therefore, he set him- 
self with all his one-sided intensity, and with a fixed deter- 
mination to sympathize with whatever he might find 
beautiful and true. In Arabia, whither he was invited by 
the governor of that province ; in Palestine, whither he fled 
to escape the massacre of Caracalla ; at Antioch, where he 
had an interview with Mammsea, the mother of the Emperor 
Alexander Severus; at Caesarea, where he was ordained 
a priest by the bishops of Palestine; and in Greece, whither 
he was sent, about 229, to refute heretics, every opportunity 
was taken to converse with learned heathens. , At home the 
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Origen* tuition of the younger catechumens was given over to his 
friend Heraclas ; his own attention was directed 'to deliver- 
ing a course of lectures on the points of congruity between 
philosophy and Christianity; and from the distinguished 
heretics who did not disdain to sit at his feet he was ever 
ready to receive as well as to communicate instruction. In 
this manner was he gradually led to appropriate many of 
the dogmas of the old heathen philosophers. At the same 
time, it was necessary to show how these dogmas could be 
reconciled with the doctrines of the true religion. To this 
task, therefore, in the midst of his multifarious duties, he 
had applied himself, furnished with all external facilities of 
study by his friend and convert, the wealthy Ambrose, and 
carried forward by that force of unyielding application which 
gained for him the epithets of the adamantine, the 
‘‘ brazen-bowelled” Origen. By the year 229 several of 
his commentaries, his Treatise on the Resurrection^ his 
Stromata, and his work On Principles, had been completed. 
In all these, but especially in the last, he made the daring 
attempt to harmonize Platonism and Christianity, and to 
build up by means of the two a system of religious doctrine. 
There existed from all eternity, he held, one original essence 
and source of existence called the Father; co-eternal 
and co-equal with Him was the Son, the Logos ceaselessly 
proceeding from the everlasting mind, the ineffable bright- 
ness ever emanating from the Divine glory ; and joined 
with these two persons in trinal unity, although created like 
all other spirits by the Son, was the Holy Ghost. Since 
the exercise of creative power is essential to the being of 
the Godhead, there also existed from all eternity a succes- 
sion of worlds. To fill these worlds, a number of intelli- 
gences were created. These were clothed with bodies of 
an ethereal rarity, for God alone is incorporeal ; and they 
were all created alike, for God cannot be the author of 
inequality. Free-will was bestowed upon them, and the 
exercise of this soon began to lead them into depravity, and 
to alter in various degrees their original conditions. They 
were degraded into souls, were imprisoned in gross material 
bodies, and, according to their different degrees of de- 
generacy, became angels, men, or demons. The Logos then 
undertook to restore them by revealing himself. To men 
he made this revelation by uniting himself with the most 
perfect intelligence, and by connecting himself through that 
medium with a body of flesh ; and to angels and demons 
he employed in a similar manner modes suited to their 
different states and capacities. Thus, all created spirits, 
including Satan himself^ will eventually be restored ; a new 
state of probation will then commence; they will fall again 
through the exercise of free-will; and the succession of 
worlds as places of reformatory punishment will require to 
be continued. 

The adoption of a doctrinal system so seemingly contra- 
dictory to Scripture as this forced Origen to assume a 
new style of biblical interpretation. It was impossible, 
he held, that such sublime spiritual truths, when stated 
abstractly, could be understood by the generality of men; 
they must therefore from necessity have been clothed by 
die sacred writers in palpable figures and allegories; and, 
accordingly, there is often a mystical meaning lying con- 
cealed behind the letter of holy writ. The very attention 
which Origen bestowed upon the construction of this 
erroneous allegorizing method led him at the same time to 
render a great service to the cause of hermeneutics. He 
found it necessary in many cases to adopt the bare letter 
of the word : this induced him to lay down an accurate 
distinction between the verbal and spiritual sense ; and he 
thus had the merit of establishing a new and improved school 
of grammatical interpretation. 

It is likely that these opinions contributed in some degree 
to exasperate the series of troubles that began to hai*as&him 
about 229. After this date liis life i$ the picture o5f agreaf 


Christian teacher labouring patiently for the reward of a Origen. 
good conscience amid the persecuting malice of an ungrate- 
M world. Demetrius, Bishop of Alexandria, offended at 
the ordination of Origen by the bishops of Palestine, raked 
up every private scandal that might be thrown against his 
reputation, and procured his banishment from Egypt. Yet 
the uncomplaining exile, setting up his humble household 
among his friends in Caesarea, continued his biblical labours 
without remission. The thunders of excommunication soon 
followed him thither, and awoke a stormy controversy on 
his account between the churches of Home and Alex- 
andria, on the one hand, and the churches of Palestine, 
Phoenicia, Achaia, and Arabia, on the other. Yet the 
enthusiastic teacher was meanwhile lecturing on theology, 
philosophy, logic, natural science, geometry, astronomy, and 
ethics, with an eloquence unspeakably winning, hallowed, 
and passing lovely.” The persecution of the Emperor 
Maximinus in 235 drove him to seek refuge in Cappadocia, 
in the house of a wealthy lady named Juliana. Yet the 
two years of his concealment were employed in the com- 
pilation of his JSexapla, a work which exhibited in six, 
eight, or nine parallel columns, according as the case re- 
quired, the various copies of the Old Testament. In the 
Decian persecution, which began in 249, he was cast into 
a dungeon in Tyre, and subjected to the most exquisite and 
protracted inquisitorial tortures. Yet not only did the 
old man vindicate the sufficiency of his Christian faith by 
his pious endurance, but he also wrote letters to console 
and confirm his fellow-sufferers. These accumulated 
toils and hardships at length undermined the health of 
Origen ; and in the course of two or three years after his 
liberation from prison, he died about 254, and was buried 
at Tyre. 

The works which Origen left behind him were so nu- 
merous that they were estimated by Epiphanius to amount 
to six thousand. By far the greater part is lost. Some of 
them, such as the treatise On Prayer, the Exhortation to 
Martyrdom, and the apologetic pamphlet Against Celsus, 
are extant; others, such as the Hexapla, and the Commen- 
taries on the books of the Old and New Testament, exist 
in fragments ; and others, such as his work On Principles, 
are preserved by Rufinus in Latin translations, which pro- 
fessedly attempt to improve the originals, both by omissions 
and interpolations. The best edition of the fragments of 
the Hexapla is that of Montfaugon, in 2 vols. fol., Paris, 

1713. The collected works of Origen were published in 
Latin at different times during the sixteenth century, by • 
Merlin, Erasmus, Panzer, and Genebrard. The standard 
edition is that of Charles and Vincent Delarue, in 4 vols. 
fol., Paris, 1733-59. Several fragments of Origen appeared 
for the first time in the 14th volume of Gallard’s Bibliotheca 
Patrum, published in 1781. A list of his works is given 
in the Bibliotheca Grasca of Fabricius. (F or the biography 
of Origen, the standard authority is^ the Historia Eccle- 
siastica of Eusebius. See also, among many other works, 

Huet’s Origeniana; Neanderis Church History; and 
Origenes, Barstellung Seines Lebens und Seiner Lehre 
von Ernst Rudolph Redepenning, in 2 vols. 8vo., Bonn, 
1841-46.) 

The opinions of Origen gave rise many years after his 
death to a great controversy in the church. It was begun 
in the fourth century by a party accusing him of being the 
founder of Arianism ; then a faction of the Egyptian monks 
came forward in his defence; and the dispute was brought 
to a head by Rufinus adopting the latter side, and Jerome 
adopting the former. From this time, the Origenists, 
though soon suppressed in the Western Church, began to 
rise into importance in the East. In the fifth century they 
had secured a firm footing in Egypt, Syria, and the adjacent 
countries; and in the sixth century they had acquired great 
influence in the p^laqe of the Erpperor Justinian, Their 
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Orihuela. doctrines, however, were finally condemned ; and their sect 
tl was broken up by a general council, held at Constantinople 

Orinoco, 553^ 

ORIHUELA, a town and episcopal see of ^ Spain,^ situ- 
ated in the kingdom and province of Valencia, on its S. 
boundary, at the foot of a limestone ridge of moderate 
height, and on both sides of the Segura, which crosses it from 
W. to E., the communication being maintained by two 
bridges. The town is not fortified, but there are extensive 
mins of a fort on the hill commanding it ; and the entrance 
to the town, on the side of Valencia — the Puerto del Co- 
legio, is a fine lofty arch, surmounted by a stone figure and 
the city arms. The episcopal palace, erected by Osorio, 
the bishop, in 1733, has a front of 600 feet in the Calle 
Mayor, and on the other side is washed by the Segura, by 
whose inundations it has been much damaged at various 
times, and is in a ruinous condition ; it contains a public 
library. Among the other principal buildings are, — large 
barracks at the Murcia gate, also partly ruined, and a new casa 
consistorial, in which the municipal archives, containing a 
great number of curious and important documents of national 
history are preserved. The cathedral is an ancient Gothic 
structure, erected on the site of a mosque ; it was enlarged in 
1 829, and tastelessly decorated. There are three other parish 
churches. The most ancient of the convents is that of the 
friars of St Augustine. That of the Franciscans, on the 
Murcia Road, is a building of different epochs, with a fine 
large garden. There is a Carmelite convent in the centre of 
the town, and six other convents of less note, among which 
may be reckoned, as a kind of convent, the Colegia Patriarcal 
de Predicadores, at the E. entrance, with a fine church and 
library. There are three convents of nuns and three of 
ermitas within the town, the most remarkable being that of 
our Lady of Monserrat, whose image is carried in proces- 
sion to the cathedral in times of public calamity. The 
university of Orihuela, founded in 1568 by Fernando de 
Loanees, Archbishop of Valencia, was suppressed in 1835, 
and part of its revenue applied to the foundation of a college 
in the university of Valencia. Other educational establish- 
ments are, — the theological seminary of San Miguel, founded 
in 1733 % the bishop Gomez de Teran, containing a fine 
library and the archives of the diocese ; the normal school 
of the province 5 and six public elementary schools, besides 
private institutions. There is an hospital ; also a poor-house, 
founded in 1743 by the bishop just named, and enlarged in 
1818 ; it is capacious and well endowed. Opposite to it 
stands the maternity hospital, founded in 1764. Agricul- 
ture is the principal occupation of the inhabitants, but there 
are manufactures of woollen and linen cloths, leather, som- 
breros, and saltpetre ; also silk and cotton dye-works. There 
is a daily corn-market, and a weekly market for all goods 
on Tuesday, which is well attended. Orihuela is a Roman 
town, as is testified by ruins and by coins discovered ; but 
unless it be the Orcelis of Pliny there is no mention of it 
in ancient geography. It was a place of some importance 
in the Moorish invasion, and wa^ held* in 713 successfully 
by Theodbric against Abd-el-Aziz after the battle of the 
Guadalete. It was conquered in 1265 by Don Jaime of 
Aragon for his father-in-law, Don Alonso, King of Castile. 
The city was sacked in 1520 in the civil war at that time 
raging, and again in the war of the succession, 1706. In 
1648 it was devastated by the plague; in 1651 by an inun- 
dation of the river ; in the earthquake of 21st March 1829 
many bouses were destroyed and churches damaged. In 
thelast civil war the city was distinguished by its Carlist 
tendencies, and was held for some time in 1837 by the Car- 
Kst general Forcadell.' Pop. in 1849,* 17,452. 

‘ ORINOCO, a large river of Venezuela, South America. 
Its source 1ms never yet been visited by European travellers ; 
for although both Baron Humboldt in 1800,' and Schom- 
burgk in 1838, penetrated very near the place where it 
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takes its rise, yet both these travellers were prevented from Orinoco, 
reaching it by the treacherous outrages of the Kirishana 
savages who inhabit the district adjacent to the source. 

The latter of these travellers, however, reduced the limits 
within which the actual head is to be found to a space of 30 
miles. The reports of the Indian tribes on the banks of 
the river agree in placing the source of the Orinoco in the 
Parima Mountains, on the borders of Brazil and Venezuela, 
not far from that of the Parima, which flows in an opposite 
direction, between 3® and 4® N. Lat., and about 64° W. 

Long. It flows at first W.N.W., and receives from the N. 
the Paramu, a river remarkable for the number and height 
of its falls. Below its confluence with this river the Orinoco 
is broad, but shallow, and much interrupted by sand-banks. 

It flows sluggishly through a low, flat region, broken only 
by a few scattered hills densely wooded. About 13 miles 
below the village of Esmeralda, the most remote Christian 
settlement on the river, the Orinoco divides itself into two 
branches ; one of which, taking the name of the Cassiquiare, 
or Cassisiare, flows S.W., and, after a course of 120 miles, 
joins the Rio Negro near San Carlos ; while the other branch, 
retaining the name of Orinoco, continues to pursue a N.W. 
direction. The former of these thus forms a sort of natural 
canal, joining the waters of the Orinoco with those of the 
Amazon, of which river the Rio Negro is an afiSuent ; and, 
as the waters of the Amazon are only separated from those 
of the Paraguay in the south by a portage of three miles, 
there is, with this exception, a continuous communication 
by navigable rivers from Buenos Ayres in S. Lat. 35. to 
the mouths of the Orinoco in N. Lat. 9. Below its bifur- 
cation the Orinoco skirts the base of the Parima Moun- 
tains, and receives the Ventuari from the right, and still 
further down the Guaviare from the left. After its confluence 
with these rivers, in W. Long. 68., it changes its direction, 
and flows for some distance due north, skirting the western 
foot of the Parima Mountains. In this part of its course the 
navigation is interrupted by the rapids, or Raudales, as 
they are called, of Maypures and Atures, the former 80, 
and the latter 116 miles below the confluence of the 
Guaviare with the Orinoco. The river is here more than 
8000 feet broad, but is so broken up by an immense num- 
ber of small islands and rocks, as to leave, in many places, 
a channel no broader than 20 feet. Between these islands 
there are numerous cascades, not exceeding 9 feet in height ; 
but, as the great body of water flows through these narrow 
openings with great three and rapidity, any attempt to as- 
cend the rapids in boats must inevitably be followed by the 
destruction of the boat and great danger to the lives of the 
daring navigators. Below this point the navigation is not 
again interrupted ; but at the confluence of the Meta, a tri- 
butary which joins the Orinoco from the W., there is a whirl- 
pool which occasions considerable delay to the voyager. 

From its bifurcation to the confluence of the Meta, the 
Orinoco forms the boundary between Venezuela on the E., 
and New Granada on the W. To the north of this point 
the river takes a curve towards the N.E., and, after re- 
ceiving the Apure from the left, it flows nearly due E. to 
the Atlantic. About 130 miles from the sea it forms a 
delta, by sending to the N. a branch which divides itself 
into several streams, called the Bocas Chicas^ or small 
mouths, and falling partly into the Gulf of Paria and partly 
into the Atlantic. These, though many of them are navigable 
and of considerable size, are much less than the main 
stream, which is called the Boca de Navios^ and is divided, 
for the distance of about 40 miles, by a line of islands in 
the middle, into two channels, each about two miles wide. 

At the great mouth of the river the breadth is upwards of 
60 miles, and there extends across the navigable channel in 
the centre a sand-bar with 17 feet of water. The length 
of the Orinoco is estimated at 1600 miles, for about half of 
which distance it is navigable. It receives more than 400 



OKI 

Orion navigable tributaries, the largest of which have been already 
II noticed. At a distance of 560 miles from the sea this 

Orissa, great river exceeds 3 miles in breadth. The tide reaches 
as far as Bolivar, more than 250 miles from its mouth ; and 
at this place the breadth is 4 miles, and the depth 65 
fathoms. 

The area of the country watered by the Orinoco and its 
tributaries is estimated at 200,000 square miles. This re- 
gion is entirely occupied by the llanos^ or levels of Vene- 
zuela — immense flat plains, stretching from the coast chain to 
the Parima Mountains, and from the Atlantic to the Andes, 
rising in some parts of the coast to the height of 1300 feet ; 
but in many places hardly at all above the level of the sea. 
The greater part of these plains is entirely destitute of 
trees ; but the region on both sides of the Guaviare, and 
thence northwards along the left bank of the Orinoco to the 
Meta, is covered with dense forests. In the dry season the 
open plains present an arid and barren appearance, but 
when the rain falls they are suddenly covered with luxuri- 
ant vegetation ; the rivers overflow, cover the plains with 
vast sheets of w^ater, and sometimes extend even into the 
forests. The rising of the Orinoco begins in the end of 
March, proceeds slowly at first till it attains its greatest 
height in J uly and August, and then, more slowly than it 
rose, decreases. Its greatest height on an average at Bo- 
livar is 24 or 25 feet, but in the upper part of its course it 
attains a height of about 30 feet, and in one contracted 
channel it is said to rise 120 feet above its ordinary level. 

ORION, a hero of ancient classical mythology, was, ac- 
cording to the ordinary account, a son of Hyricus and a 
native of Hyria in Bceotia. His gigantic height and his 
prowess as a hunter soon led him into a series of adventures. 
Arriving in the course of his travels at Ophiusa, he fell in 
love with Merope, the beautiful daughter of CEnopion, and 
agreed as a price for her hand to exterminate all tlie wild 
beasts in the island. The rugged hunter, however, when 
he had performed his task, was too precipitate in exacting 
the reward. The offended father, in revenge, put out his 
eyes as he lay in a drunken sleep. The blinded giant, on 
returning to consciousness, was informed by an oracle that 
he might recover his sight by exposing his empty sockets 
to the rays of the rising sun. Wandering eastward through 
the sea, and directing his course towards a far-ringing anvil, 
he soon found himself in the forge of Vulcan, in the island 
of Lemnos. One of the workmen undertook to be his 
guide ; and, sitting upon his shoulders, directed his footsteps 
to a place where his eyes were suddenly cured. Orion 
now hastened back to Ophiusa to take vengeance upon 
CEnopion. Not finding him, however, he repaired to Crete, 
and entering the hunting train of Diana, he continued in 
that position till his death. How that event happened it is 
not agreed among authors. The ordinary legend is that he 
was shot by one of his mistress’s arrows for an offence which 
is differently represented by different writers. Another 
opinion reports him to have been killed by a scorpion. At 
any rate, it is the common belief that he was changed on his 
demise into a constellation. As his rising was generally 
supposed to bring storms, he came to be called the “ shower- 
bringing,” “cloudy,” or “rainy” Orion. 

ORISSA, an extensive province of Hindustan, in the 
Deccan, between N. Lat. 17. 16. and 22. 23. E. Long. 
81. 35. and 87. 20. It has Bengal for its boundary to the 
N., to the S. the River Godavery, to the E. the Bay of 
Bengal, and to the W. the province of Gundwana. It may 
be estimated from N.E. to S.W. at 400 miles in length by 
70 in average breadth. This province, in the interior, is 
of a rude and barbarous aspect, consisting for the most 
part of rugged hills, uninhabited jungles, and deep water- 
courses. It is ' surrounded by pathless deserts, forests, or 
valleys ; and the atmosphere is pestilential. At present the 
British rule over nearly one half of this extensive region 
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and the remaining part, is possessed by tributary zemindars, Oristano 
who pay a fixed rent to the British, under whose jurisdiction li 
they live. The woody and interior division of the country 
belongs to them ; whilst the other division, belonging to the y 
British, comprehends all the low lands extending along the 
coast, a tract generally plain and fertile, but not well culti- 
vated or peopled. The low lands along the Bay of Bengal 
abound with wild animals, such as hogs, deer, tigers, and 
jackals ; and the high lands are infested by such numbers 
of wild animals, that in many places they are regaining 
possession of the country from which they were driven by 
the progress of cultivation. Fish swarm in the rivers, which 
are also infested with reptiles and alligators; and in the 
plains and jungles are innumerable noxious insects. The 
chief rivers are the Godavery and Mahanuddj’’, besides in- 
numerable mountain streams of a short course. The in- 
habitants of Orissa belong to four principal tribes: — 1. 

The Urias, Orias, or Odras, who occupy the plains and 
valleys, especially towards the W. 2. The Coles, also 
called Hos, in the N., a tribe in a half savage condition, 
remarkable for honesty, truthfulness, and good nature. 3. 

The Khonds, in the centre of the country, who have made 
some progress in civilization; but practise abominable 
superstitious rites, with human sacrifices, which have been 
attempted, but hitherto in vain, to be suppressed by the 
British government. 4. The Saurias, or Sauras, in the S., 
who, though in general peaceable and harmless, are addicted 
to the same superstitions as the Khonds, and are even more 
wild and savage than they. A race of Hindu princes 
governed the country till 1592, when they were conquered 
by the viceroy of Akbar, to whose dominion the country 
was annexed as a dependent government. From disjointed 
fragments of its history, and from existing relics, it appears 
to have been a flourishing empire, even before the Moham- 
medan invasion; but it soon afterwards fell into decay. 

Pop. about 4,5S4,813. 

ORISTANO, a town of the island of Sardinia, capital 
of a province of the same name? in the division of Cagliari, 
stands in the midst of salt marshes, about a mile from the 
left bank of the Tirsi, about 3 miles from the W, coast of 
the Island, and 30 N.N.W. of Cagliari. It has a low and 
unhealthy situation, and a very desolate appearance, which 
is not at all in keeping with the turreted.wall which sur- 
rounds the town, or the handsome houses which still bear 
the arms of the Spanish nobles who lived here when Sardinia 
was a dependency of Spain. It seems probable that in 
former times the salt marshes here were not so extensive as 
they now are ; so that the site of the town would not have been 
originally an unfavourable one. Out of several churches, 
the only noteworthy one is the cathedral, a modern building, 
which contains several good paintings. There is an old 
palace, once the residence of the judges of Arborea, a 
convent, several schools, and an hospital. Manufactures of 
ironware, cutlery, arms, and other implements, are carried 
on. Pop. 6000. 

ORIZABA, a town of Mexico, department of Vera Cruz, 

65 miles S.W. of the town of Vera Cruz. It stands in a 
valley overgrown with forests, and has broad and well paved 
streets. Manufactures of leather and coarse cloth are carried 
on here. Pop. 15,500. 

About 5 miles N. of the town stands the Peak of Orizaba, 
an extinct volcano, which has a height of 1 7,388 feet above 
the sea. It was first ascended in 1848 by Lieutenant 
Reynolds, and other American officers, having before been 
supposed inaccessible ; and since that time the summit has 
been repeatedly reached. 

ORKNEY ISLANDS, or Orcades, a group of islands in 
the North Sea, which, with the sister group of the Zetlands, 
form one of the counties of Scotland. They are separated 
from Caithness by the Pentland Firth, a strait of about 8 
miles in breadth, and are situated between the parallels 
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58. 44. and 59. 24. N. Lat., and between 2, 24. and 3. 20. 
W. Long, In number they amount to sixty-seven, of which 
twenty-seven are inhabited, and the others, known by the 
name of holms, are employed principally as grazing grounds 
for sheep and black cattle. The islands are divided into 
two groups, called — in reference to Pomona/ the principal 
island— the North and South Isles. The following are the 
names of the inhabited islands, with their population, ac- 
cording to the census taken in 1851 ; — 


SOUTH ISLES. Pop. 

South Ronaldshey 2438 

WaUs and Hoy .1555 

Plotey and Parey 441 

Surrey 659 

Grsemsey 286 

Swaney and the Skerries.. . . 67 

Copenshey 11 

Hundey 6 

Cavey 24 

Lauihholm 13 

5389 


NORTH ISLES. Pop. 

Sandey 2004 

Westrey and Papa ■V\reatrey.2459 
Stronsey and Papa Stronsey.1211 

Rousey and Enhallow 961 

Shapinshey 899 

Edey and Pharey 1016 

ISTorth Ronaldshey 626 

Eagleshey 192 

Weir 62 

Gairsey 41 

9371 


Pomona, or the Mainland, has a population of 16,695 ; 
and thus the whole number of inhabitants amounts to 31,455. 
The number in 1831 was 28,847. 

In the absence of an accurate survey it is impossible to 
give anything like a correct estimate of the extent of the 
country. We have heard the number of square acres fixed 
at 150,000, and we have heard that number doubled. The 
very irregular form of the islands, penetrated by arms of 
the sea in all directions, easily accounts for this diversity 
of opinion. 

The general appearance of the islands is bleak, and upon 
the whole uninteresting- The want of wood, and the tracts 
of waste uncultivated land, though these are diminishing in 
number and extent, present a somewhat forbidding aspect. 

Orkney is divided into twenty-two parishes, forming three 
presbyteries and one synod. There are also fourteen Free 
Church congregations, thirteen congregations in connection 
with the United Presbyterian Church, and three Indepen- 
dent congregations, in Orkney. Together with Zetland, 
these islands constitute one sheriffdom, or stewartry, under 
the jurisdiction of a sheriff-depute and two substitutes, 
whose courts are held at Kirkwall and Lerwick. Till the 
passing of the Reform Bill, Orkney alone had the privilege 
of returning a member to Parliament — the landholders of 
Zetland, owing to the want of a separate valuation of their 
estates, having no vote in the election. In 1857 the parlia- 
mentary constituency amounted to 617 ; and of these there 
were 422 voters belonging to Orkney, and 195 to Zetland. 
Of the land-tax payable for the county, two-thirds are le- 
vied firom Orkney, and one-third from the northern division 
of idle stewartry. 

We shall now proceed to notice the principal islands, and 
to point out the most remarkable objects in them. 

The most southerly is South Ronaldshey, containing 24 
square miles, and a population that has increased during 
the last twenty years by 200, chiefly employed in agricul- 
ture, and the cod, herring, and lobster fisheries. There 
are two excellent harbours in this island — Widewall Bay 
on the west, and St Margaret’s Hope on the north. The 
antiquities of the island are, — several Piets’ houses, three 
or four monumental stones of large size, and the Howe of 
Hoxa, an ancient stronghold. 

To the north-west of South Ronaldshey lies Hoy, in many 
respects the most interesting of all the smaller islands. It 
contains the Ward or Wart Hill, rising to the height of 
almost 1600 feet, the loftiest mountain in Orkney ; the 
towering precipices of Rorey and Rackwick, washed by 
the fury of the Western Ocean; the huge isolated rock 


called the Old Man of Hoy ; the Meadow of the Kaim ; 
the beautiful vale of Berrydale, through which flows a 
stream whose banks are fringed with birches, creeping ' 
juniper, and willows ; and the Dwarfie Stone,” — ob- 
jects which will repay a lengthened visit. Forming part 
of the island of Hoy, but constituting a different parish, 
is Walls, or Waas, distinguished chiefly for its excellent 
harbour, Long Hope, which is partially defended by a 
small battery and a couple of martello towers. Burrey, 
situated to the north of South Ronaldshey, and separated 
from it by a channel of a mile in breadth, has an area of 
only 3 square miles, but produces grain, green crops, and 
good pasture, and has moreover a valuable rabbit-warren. 
Farther north is the largest island of the group, Pomona, 
or Mainland, extending to 30 miles in length, and contain- 
ing upwards of 200 square miles. The towns of Kirkwall 
and Stromness are in this island. (See articles Kiekwall 
and Steomness.) Excepting Kirkwall, Stennis on the 
Mainland has the greatest claims on the attention of the tra- 
veller and the antiquary. Here are the “ Stones of Stennis,” 
two collections of what at one time must have been upright 
pillars, forming a circle and a semicircle. Many of these stones 
are now overthrown ; but the circle, when complete, seems 
to have been formed of sixty pillars, of which thirteen still 
remain erect and perfect ; ten more are prostrate, though 
unbroken, and the fragments of thirty others are still visible. 
The stones vary from 10 to 16 feet in height, and from 
2^ to 5 feet in breadth. The entire circle is surrounded 
by a trench about 20 feet in width, and the diameter of the 
included space cannot be less than 300 feet. There have 
been many conjectures as to the purpose of these erections ; 
and it is by no means certain by whom they were raised. 
One opinion is that they are of Druidical, and another that 
they are of Scandinavian origin. A not improbable con- 
jecture is, that the circle was dedicated to the sun, and 
the semicircle to the moon, the frequent objects of Scan- 
dinavian worship. Of these stones the most interesting 
was one which stood near to, but did not form part of the 
circle. It was perforated by a small hole, through which 
the heads of children were passed in order to secure them 
against palsy in after-life ; and through that hole also lovers’ 
hands were joined in token that the vows there made should 
be faithfully kept. These contracts were deemed peculiarly 
binding, and the promise of Odin was regarded by an Ork- 
ney man as of too solemn a nature to be trifled with. The 
malice or stupidity of a stranger, who rented a neighbour- 
ing farm, induced him in 1814 to overthrow and break to 
pieces this curious relic of ancient times. In front of the 
circle lies a large horizontal stone, conjectured to have been 
used for sacrificial purposes ; and it has been thought that 
it was on this altar that Einar, Jarl of Orkney, son of Ronald, 
about the year 893, or, according to other accounts, 930, 
stretched Halfdan, the son of Harold the Fair-haired, King 
of Norway, and tearing out his lungs, presented the reeking 
gift to his god. 

In the adjoining parish of Sandwick, the grandeur of the 
rocks must attract the notice of the visitor ; and one huge 
archway, formed by the restless fury of the waves, called 
the Hollow Row. or Hole of Row, is specially deserving of 
attention. 

Robert Stewart, Earl of Orkney, had a palace in Birsey, 
the next parish on the N.W., the ruins of which still 
remain. Brand, who visited the country in 1700, says : — 
The palace is two stories high ; the upper hath been 
prettily decored, the ceiling being all painted, and that 
for the most part with schems, holding forth Scripture his- 
tories, — as Noah’s flood, Christ’s riding to Jerusalem, — ^and 
the Scripture is set down beside the figure. It was inha- 
bited within these twenty years, but is now fast decaying.” 
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^ For some conjectures as to the origin of this name, see the Proceedings of the Society of Antiquaries of Scotland, vol. i<, p. 16. 
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Orkney About forty years ago, the writer of this article saw the 
Islands, palace. All the decorations, the roof, and a great part of 
the walls, were then gone ; and the clergyman of the parish 
informed him that the ruins had long been regarded as a 
common quarry, whence any intending builder drew mate- 
rials for the erection of his house. It was over the gate- 
way of this building that the inscription was placed, which, 
owing to a grammatical error, was seized on as affording 
evidence of the treasonable designs of the family on the 
trial of Patrick, Earl Robert’s son: ‘^Dominus Robertus 
Stuartus, filius Jacobi quinti rex Scotorum, hoc opus in- 
struxit.” The two islands of Shapinshey and Rousey, each 
containing from 10 to 12 square miles, lie to the N. of the 
Mainland. The former is flat; in the latter the highest 
hills, save those of Hoy, are found. In Shapinshey, great 
improvements in various ways have lately been effected, 
and the resident proprietor has erected a stately mansion- 
house, the largest in the county. Rousey presents to the 
antiquary for his investigation, tumuli, Piets’ houses, stand- 
ing stones, and a number of ancient graves. Planting has 
recently and to some extent, and not without a very con- 
siderable measure of success, been attempted in the island. 
To the E. of Rousey is the beautiful islet of Eagleshey, the 
favourite summer residence of the ancient jarls, and at a 
later period, of the bishops of Orkney. It was here that St 
Magnus, the tutelar saint of the islands, was basely murdered 
by his cousin Hacon in 1110. On the highest part of the 
island stands the ancient chapel dedicated to St Magnus. 
Beyond these, to the N.E., lie Stronsey, where there is an 
extensive fishing station, and Edey, that can boast of a burgh 
of barony. Still farther N. lie Sandey on the E., and 
Westrey on the W. The former, because of its produc- 
tiveness, has been called the granary of Orkney; it is a flat, 
low-lying island ; and, till the erection of a lighthouse on the 
point of Start in 1806, proved fatal to many a vessel. 
Westrey is, with the exception of Sandey, the largest of 
the North Isles. In it are the remains of the strong castle 
of Noltland, begun by Thomas Tulloch, Bishop of Orkney, 
between 1422 and 1448, and whose initials, T. T., are to 
be seen on the pillar that supports the great staircase. The 
castle was never completed ; and a traveller, who describes 
it under the date of 1529, says — ‘‘ Est excellentissima arx, 
sive castellura, sed nondum tamen adhuc completa.” In 
consequence of sand blowing, a number of graves, contain- 
ing, among bones, the Tc'rnains of various weapons, have 
been uncovered. TI.lsc places of sepulture are generally 
formed of five stones, four standing on their edges and rest- 
ing on the fifth. Separated firom Westrey by a firth of a 
mile in breadth, is the small island of Papa Westrey, with 
its beautiful fresh-water loch, in the midst of which is a 
small island, on which a chapel dedicated to St Tredwall 
stood. The most northerly of the islands is North Ronald- 
shey, containing an area of from four to six square miles. 
It was on a reef near this island that the “ Suetia” of Got- 
tenburg, an Indiaman, valued at half a million sterling, was 
wrecked in 1740; and here too, four years afterwards, 
another Indiaman, The Crown Prince of Denmark,” with 
thirty chests of treasure, was cast away. 

The geology of the islands, though not presenting much 
variety, is interesting, and worthy of attention from the 
vast numbers of ichthyolites to be found. There is a cen- 
tral nucleus or backbone of granite or gray gneiss, extend- 
ing for about six miles, around which, or diverging from 
which, runs an immense development of the Devonian for- 
mation, or lower Old Red Sandstone. As is almost invariably 
the case, the sandstone is found disrupted and distorted by 
the upheaved trap, and the picturesque grandeur of the 
iron-bound coast is much owing to the washing away of 
the softer and interposed materials, leaving the more con- 
servative whin dykes (greenstone, basalt, porphyry, &c.) 
pierced and perforated and hollowed out into a thousand 


fantastic, but not the less magnificent shapes. The A stero- Orkney 
lepis, that gives the title to one of his best known works, Islands, 
was found by Mr Hugh Miller in the immediate neighbour- 
hood of Stromness. 

The Orkney flora is known to consist of 545 species, 
and there can be little doubt that additions will be made to 
this number as more careful examinations are made. The 
only Orkney plant new to the British flora is the Chara 
asperUf first seen by the Rev. Charles Clouston, minister of 
Sandwick. Considerable attention, and not without results, 
has lately been paid to the algse and fucoid plants. 

The Fauna Orcademis of Low enumerates — of quadru- 
peds, 1 1 genera ; of birds, 34 genera ; of reptiles, 2 genera ; 
and of fishes, 33 genera. 

The following remarks on the climate of Orkney, by the 
Rev. Charles Clouston, contain matter at once new and 
interesting, and we allow his observations to speak for them- 
selves, merely adding, in a sentence, that an Orkney sum- 
mer has many and peculiar charms, — the length of day, the 
duration of twilight, the rapid vegetation, and above all, 
the stillness of the sleeping ocean on a calm evening, 
compensate in no small degree for the absence of other 
beauties. 

The following table gives the mean monthly and annual 
temperature of Orkney, deduced from observations made 
twice a-day for thirty- one years ; the first six at the manse 
of Stromness, about half a mile from the sea, and not 100 
feet above its level, and the remaining twenty-five at that 
of Sandwick, 2 miles from the sea, and 100 feet above its 
level ; also the mean monthly and annual state of the ba- 
rometer for nineteen years at the manse of Sandwick ; and 
the mean monthly and annual quantity of rain that fell at 
the same place for the last seventeen years * 


Months. 

Thermozaeter. 

Barometer. 

Hygrometer. 

January 

88-35 

29-565 

4-26 

February 

88-18 

29-682 

3-18 

March 

40-36 

29-815 

2-55 

April 

43-45 

29-829 

1-78 

May 

47-82 

29-880 

1-57 

June 

ss'irs 

29-836 

2-15 

July 

SS-20 

29-802 

2-52 

August 

65'03 

29-785 

2-89 

September 

S2-4r 

29-851 

2-71 

October 

47-67 

29-710 

4-71 

November] 

42-73 

29-697 

4-02 

December 

41-10 

29-690 

4*33 

Annual... 

46-26 

29-762 

36-66 


Strangers naturally form a very wrong and unfavourable 
opinion of the climate of Orkney, and its peculiarities are only 
beginning to be understood by even the best informed of its own 
inhabitants. From these observations it has been ascertained, that 
the mean annual temperature of Orkney is not only equal to that 
of the north and middle of Scotland, but even to that of the 
southern border ; for, on comparing the Orkney table of tempera- 
ture for the last thirty-one years, with one for twenty years kept 
by that accurate observer Dr Dunbar of Applegarth^ Dumfries- 
shire, we find the mean temperature of Orkney to be 46°'26, and 
that of Applegarth 4:6°-24: — the difference being in favour of 
Orkney, but so minute, that they may he considered equal. While, 
however, this station in Dumfries is between 4® and 5® colder than 
Orkney in December and January, its temperature gradually rises, 
till, in July, which is the warmest month in both places, it is 
above 3® warmer than Orkney. The mildness of the Orkney 
winter is indeed so great, that the mean temperature of December, 
January, and February there, is higher than that of several parts 
of England, 

This arrangement may he pleasant or favourable to animal life; 
but it is far from being favourable to vegetation, as the luxuriance 
of the common crops depends on the temperature of three or four 
months in summer while they are in the ground, and not at all 
on that of the rest of the year. This equability of temperature 
injurious as it is to the growth of common annual crops, is doubly 
80 to such perennials as trees, as there is neither such extreme 
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Orkney heat in summer as to mature the wood of the young branches, 
Islands, which are therefore killed in winter; nor such extreme cold in 
winter as to lay vegetation completely asleep. Evergreens are 
^ particularly sickly in Orkney. The sea-spray in winter, which 
frequently loads the air, and falls and crystallizes on their leaves, 
renders them much more liable to be killed than other kinds of 
trees, some of which grow under shelter to the height of 20 or 30 
feet. 

The difference between the mean temperature of February, 
which is the coldest month (38‘’-18), and that of July, which is the 
warmest (55®*20), is only about 17°; and during all the period of 
observation, the mean temperature of any month never fell so low 
as the freezing point, except in February 1838 and February 1855, 
when it was respectively 31°*31 and 31°-64 ; and it never rose so 
high as 60°, except in 1852, when it was 61°*36. 

In Britain generally, and particularly in the inland parts, the 
greatest heat occurs about the middle of July, and the greatest 
cold about the middle of January; and the months equidistant 
from these are most nearly of equal temperature, as February and 
December. In Orkney, however, February is the coldest month, 
though only 0°*17 colder than January ; and August is just the same 
decimal of a degree colder than July. Indeed, in the course of 
these thirty-one years, January has been colder than February 
sixteen years, and August has been hotter than July twelve years ; 
so that January and February may be considered equally cold, 
and July and August equally warm ; and the months equidistant 
from them on each side will be found to correspond most nearly in 
temperature, as March and December, and again, June and Sep- 
tember. These facts are undoubted ; and meteorologists agree in 
ascribing this retardation of the period of extreme heat and cold to 
the influence of the surrounding ocean, which is neither so quickly 
heated in summer, nor cooled in winter, as the surface of the land. 

During these thirty-one years the thermometer was once observed 
as low as 14^® on 16th March 1846, and once as high as 75° on 
5th June 1846, but this was without the aid of registering ther- 
mometers, which have only been used for about two years. 

The mean state of the barometer for the last nineteen years is 
29*762 inches ; or, when corrected to 32° and sea-level, to enable us 
to compare it with other places, 29'839 inches. This does not diflfer 
materially from its mean height in other parts of Scotland ; the 
mean of about fifty places published by the Scottish Meteorological 
Society, being for 1856, 29*869 inches, and for 1857, 29*894 inches ; 
the mean of both being 29*881 inches, while the mean of Orkney 
was, for 1856, 29*898 inches, and for 1857, 29*881 inches ; the 
mean of both being 29*889 inches, or a minute decimal of *008 
above the other districts. So far as yet ascertained, therefore, they 
may be considered equal. 

The barometer generally attains its greatest height in May, and 
gradually descends on each side, the only exception being Septem- 
ber, when it takes a step upward, probably indicating the period 
, of the Orkney peerie summer.^^ The gradual descent from the 
maximum height becomes prominent only in a long series of ohser- 
’ vations. The same tendency may be perceived in the tables pub- 

lished in the New Statistical Account of Sandwick and of St 
Andrews, though the descent is not so regular, and in the latter 
the greatest height is in June. On the 24th January 1840 the 
mercury 'w'as as low as 27*69 inches, and on 1st February 1841, as 
high as 31*76 inches ; giving a range during these nineteen years of 
4*07 inches. 

The average annual quantity of rain that fell at Sandwdck 
Manse, during the last seventeen years, is 36*66 inches. This is 
more than 10 inches above Dr Barry’s estimate, which had been 
assumed as correct by others, without actual measurement. The' 
paucity of observations in other places renders it impossible to say 
at present whether this is above or below the average for Scotland ; 
and, indeed, much would depend on the situation of those places 
from which that average was struck. It will probably be found 
equal to the average fall in the interior of Scotland and England, — 
below* what is stated to fall on the west coast, and above that on 
the east. If an extensive table now before us is to he relied on, it 
is about equal to the fall in Applegarth, Liverpool, and Swansea, 
which is 34 inches; Dumfries and Manchester, 36; Langholm, 
Dover, and Selhorne, 37 ; Aberdeenshire, 38 : while it is decidedly 
above Edinburgh, which is 26 inches ; York, 22, and London, 20 : 
and below Glasgow, which is 40 inches ; Ayrshire, 42 ; White- 
haven, 48 ; Restwick, 67 ; and Easthwaite, 86. From the reports 
of the Meteorological Society, published for 1856 and 1857, it ap- 
pears that the average of all their stations for these two years was 
31*78 inches; *while the average of Orkney for the same years was 
only 29*66 inches, which makes Orkney appear particularly dry ; 
but it would be unfair to found such a conclusion on such a limited 
period of observation. They must rather he considered as excep- 
tional years, being the driest in Orkney during the period of regis- 
tration, so that the crops were injured by excessive drought, while 


there was excessive rain in more southerly districts, from which the 
crops there sufTered severely. May has the least rain, as well as 
the highest barometer; and the preceding months, embracing the 
previous December, have more rain the more they precede it. 
Again, the quantity gradually increases in the succeeding months 
till October, which is decidedly the wettest, only indicating the 
“peerie summer” in September by a somewhat smaller fall than 
during the “ Lammas speats” in August. 

The direction and force of the wind has also been noted every 
morning and evening for thirty-one years. The W. used to he con- 
sidered the most prevalent w*ind in Orkney, but from this it appears 
not to have been so for the period noted. It blew from the W., S.W*, 
S., and S.E., 6710 days ; while, from the opposite four points, it blew 
little more than half that time, or 3947 days. The W. wind, in- 
deed, prevails more than that from any other cardinal point, hut 
the S.E. prevails above it; for if we do it equal justice with the 
W., by adding 236 days of E.S.B. which were given to the E., and 
250 days of S.S.E. which were given to the S., we find 2474 days 
of S.E. wind against the 2081 days of W., or 393 days in favour of 
the S.E. There seems to be a group of years when the S.E. is in 
excess, and then a group when the W. is so. In the first decade 
it exceeds the W, very little ; in the second a great deal ; in the 
third the W. not only seems to prevail, but the restoration of the 
intermediate points to the S.E. still leaves it in the minority. 

The institution of the Scottish Meteorological Society, and the 
publication of their reports by their able secretary. Dr Stark, pro- 
mise to illustrate the meteorology of Scotland ; from the great num- 
ber of observers using similar instruments, placed in similar posi- 
tions, and at the same hours, thus furnishing excellent means of 
comparison. 

In comparing the climate of Orkney with that of Scotland in 
general, it would, indeed, he absurd to form a decided opinion 
from the observations of one year ; but it would be as absurd to 
shut our eyes to the light which they afford us, when they corro- 
borate and illustrate our former observations, and throw much light 
on other points not previously observed. The difference in the state 
of the barometer by these tables is too trifling to deserve notice. 
Orkney was a little below the average for Scotland in 1867, but it 
was more above it the previous year. The columns for registering 
thermometers prove the equability of the Orkney climate much 
more clearly than the previous table of temperature by the com- 
mon thermometer. It may he seen that in one part of Scotland 
the greatest heat of summer was 26 J° above that of Orkney, and the 
greatest cold of winter 21° below it, thus showing a much wider 
range of temperature ; but that is not a fair comparison, as it re- 
fers to only a single observation at one place only. J une, J uly, and 
August are, at an average, 7°*6 hotter during the day, and seven 
months are colder during the night throughout Scotland than in 
Orkney, while the latter has a smaller daily range of temperature 
every month, and in June the difference is 10°. By these obser- 
vations, the temperature of Orkney seems to be about half a degree 
lower than the other districts; but it was at least equal in 1856. 
The mean temperature of Orkney for 1857 is proved to be 47°*4 by 
the entire agreement of the self-registering thermometers, — the dry 
bulb one, and that 12 inches deep in the soil. The temperature of 
the deepest spring may also be considered a proof of its correct- 
ness, and of that of the mean annual temperature formerly stated ; 
for though it is not much influenced by the remarkable mildness of 
the latter months of the year, yet it is nearly half a degree higher 
than the mean annual temperature. The hygrometer, which is 
Mason’s, shows 0°’3 less evaporation in Orkney than in the other 
districts. In noticing the deductions calculated from Glaisher’s 
tables, we may pass without remark the minute difference in the 
“ dew point,” and in the “ elastic force of vapour hut we cannot 
thus pass the very unexpected result of this first year’s observa- 
tions, that the humidity of the atmosphere in Orkney is exactly 
equal to the average of Scotland. These islands have always been 
characterized as damp. The surrounding water led us readily to 
believe it. Salt and sugar are so apt to become damp, and steel to 
rust, that few could anticipate such a result. We were, however, 
in some measure prepared for it, as, during the latter half of the 
previous year, when these hygrometric observations were first made, 
the humidity in Orkney was only 84°*1, while the average of Scot- 
land was 84°*8. The quantity of salt in the atmosphere, from the 
sea spray, may probably account for these effects of humidity. The 
number of rainy days in Orkney was 198, giving an average of 16 
to each month ; while in the average of all the districts it was only 
163, giving an average of 14 to a month. That the difference should 
be on this side might be anticipated from the latitude of Orkney, and 
the peculiarity of its situation ; and we believe that this difference 
will be rather increased than diminished by a long series of observa- 
tions ; for, in 1856 the number was 212 in Orkney, and only 160 
over Scotland, giving 52 more to Orkney. The mean pressure of 
the wind in Orkney seems to have exceeded that in the other dis- 


Orkney 

Islands. 



ORKNEY. 


721 


Orkney tricts hy a decimal of *19 ; but as no anemometer has been used. 
Islands. viewed as an approximation to the truth. 

From observations made at least once a week, and generally more 
frequently, we find that the mean temperature of the sea for the 
year is 49°' 6, or 2°‘2 above that of the air and the soil, and nearly 
3° above that of our best springs. It is even above the mean tem- 
perature of any year yet recorded, and a little above the mean tem- 
perature of the sea around the coast of Scotland. This seems one 
of the strongest proofs that the Gulf Stream reaches the shores of 
Orkney, or that some stream from a warmer climate, by whatever 
name it may be called, raises the temperature of the sea beyond what 
it could be raised by the power of the sun in Orkney, and higher 
than it raises the air, the soil, or the springs. 

The aurora borealis is sometimes very brilliant in Orkney, and 
frequently gives more or less light during the winter nights. 
Sun-pillars are occasionally seen about sunset and sunrise in spring. 
They were first remarked in 1852, when they were particularly 
fine, and appeared six times at sunset in April alone. 

Water-spouts are very rare. The writer has only seen one, 
which passed over the sea, about a mile east of Stromness on 12th 
September 1839, and the upper portion caught his attention in 
Sandwick, 6 miles off, appearing like a dark funnel-shaped cloud, 
hanging down from other dark clouds. 

The Orkney crops of the more hardy kinds of grain, as oats, 
here, and barley, are equal to those of other parts of Scotland. Its 
potatoes are famous in the southern markets for seed, as the Ork- 
ney reds, grown in Orkney, are less apt to take the disease when 
planted in the south than any other variety ; but green crop is that 
in which it particularly excels. The gardeners are scarcely be- 
hind those in the south, for the more hardy kinds of vegetables, 
fruits, and fiowers. Apples do not grow well as standards, but 
thrive pretty well as wall -trees. Pears and cherries grow, but 
are not very productive. Black currants thrive even better than 
in the south. Red and white currants and strawberries grow very 
well, but gooseberries do not always ripen. All the more hardy 
annuals and perennials met with in the south also adorn the Ork- 
ney gardens. 


The history of the islands will not detain us long. They 
seem to have been originally peopled by a Scandinavian 
tribe ; but little certain is known till the year 870, when 
the Norwegian chiefs who had fled from home because of 
the victories of Harold the Fair-Haired, arrived there. 
Harold pursued them six years afterwards, defeated them, 
and appointed Ronald, Count of Moere, jarl of Orkney. 
He was succeeded, after an interval and some changes, by 
his son Einar ; while another son of his, Rolla, wrested Nor- 
mandy from Charles the Simple, King of France, and, be- 
coming duke of that province, was the great-great-great- 
grandfather of William the Conqueror. The descendants 
of Ronald ruled as jarls for more than four hundred years, 
when the male line terminated in the person of Magnus, 
the fifth earl of that name. He died about 1325, leaving 
one daughter, Matilda, who became the wife of Malise, Earl 
of Stratherne, and had issue Isabell, who married Sir Wil- 
liam St Clair, Baron of Rosslyn ; and the son of this mar- 
riage, Sir Henry, was the first of the Scottish earls of 
Orkney. His title was admitted by Hacon VI., King of 
Norway, in 1379. By a treaty entered into before this 
period between the courts of Norway and Scotland, the 
former ceded to the latter Man and the Western Islands, 
for the payment of a certain yearly sum called the “ Annual 
of Norway.” This tribute, not having been regularly ren- 
dered, soon amounted to a large sum ; and after much ne- 
gotiation on the matter, it was arranged that the arrears of 
the “Annual” should be held as discharged ; that James HI. 
should marry Margaret of Norway ; that her dowry should 
be 60,000 florins ; and that Orkney should be impignorated 
to Scotland for five-sixths of that sum — the islands to be 
redeemed on payment of the money. This treaty was en- 
tered into in 1468. The marriage-portion was never paid ; 
and it has given rise to much controversy whether the claim 
of Norway to these islands has been ever formally relin- 
quished. This is a question that need not be considered 
here, as it has been for centuries practically resolved. The 
earldom remained in the family of St Clair till 1471, when 
it and the title were merged in, or rather were united to, 
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the crown' of Scotland, never again to be alienated except 
in favour of a lawful son of the king. For almost a century 
the crown lands were leased to various tenants, till at length, 
in May 1564, Queen Mary granted a charter to Lord 
Robert Stuart, her father’s son by Dame Euphemia Elphin- 
stone, constituting him Earl of Orkney. Afterwards, by 
her marriage contract with Bothwell, dated May 1567, Mary 
bound herself to create her husband Duke of Orkney, and 
to put him in possession of the islands. He appears never 
to have been infeft, or at all events a month after the mar- 
riage he fled, and the dukedom was at an end. Earl Robert 
had no concern with Orkney fi’om 1567 to 1581 ; but in 
the latter year he had another grant of the earldom made 
to him. This was revoked by King James upon his at- 
taining his majority in 1587. Again a further grant was 
executed in favour of him and his heirs in 1591, which in 
1592 was confirmed by Parliament. Earl Robert died in 
that year, and the earldom was once more resumed by the 
crown ; and once more, in March 1600, Patrick, son of 
Robert by the Lady Jean Kennedy, got a grant in his 
favour ; and in May of the same year he obtained a grant 
of the bishopric. Earl Patrick’s many crimes brought him 
to the scaffold in 1615 ; and after his death the Orkneys 
were again unalienably annexed to the Crown, and again 
they were alienated in 1643. This deed was declared null 
and void in 1669; and once again, in 1707, they were 
mortgaged to the Morton family, burdened with an annual 
payment of L.500 to the crown. In 1742 this mortgage 
was declared irredeemable ; and Lord Morton, in 1766, 
sold his right for L.60,000 to Sir Lawrence Dundas, in 
whose family (now Earldom of Zetland) the property still 
remains. 

Of the trade and manufactures of Orkney, it is not easy 
to give anything like an accurate estimate. In 1853 the 
number of vessels was 43, and the tonnage 2485. In 
1856 there were 48 vessels, and the tonnage amounted to 
3039 5 and this irrespective of a large unregistered flotilla of 
smaller crafts. The traffic in steam-vessels not entered 
in the Orkney custom-house is large, and increasing year 
by year. The tonnage of the coasting trade in 1856 was 
27,680 tons imported, and 29,388 exported. The exports 
consist chiefly of grain, fish, cattle, sheep, butter, hides, 
&c. Till a recent period, the principal manufacture in 
the islands was kelp, which at one time brought L,12, 
L.16, or even L.20 a ton. The greatest quantity ever 
made in one year w*as in 1826, when 3500 tons were 
manufactured, which, on an average, sold at L.7 a ton. 
In 1 837 there were 800 tons of drift- weed kelp made, selling 
at about five guineas a ton, and 300 tons of cut- weed kelp, 
averaging per ton half as much. 

In 1833 there were forty vessels of about thirty tons, each 
engaged in the cod-fishery, and they caught and cured about 
560 tons offish. In 1857 there were 318 boats of 10 tons 
or upwards, and the weight of the fish cured had swelled to 
16,424 cwts. In addition to this there were 18 larger ves- 
sels, whose united produce amounted to 2731 cwts of salted 
fish. In 1857 there were 380 herring- boats engaged in 
that trade; and there were cured and packed on shore 
14,075 barrels, besides 700 barrels sold while fresh. During 
the same year, there were 117 lobster-boats. Sandey fur- 
nished the greatest number (23), and Shapinshey the 
smallest (2). It is estimated that the steamers last year 
carried from Kirkwall 2703 black cattle, and that 586 went 
by the sailing-vessels. About 800 went from Stromness. 

There are two licensed distilleries ’ in Kirkwall ; and in 
1857there were made 11,135 gallons of whisky in Kirkwall, 
and 5385 in Stromness, yielding, at 8s. a gallon, to the 
revenue a duty of L.6608. 

’ In conclusion, we would remark, that the improvements 
introduced during the last twenty, and especially the last 
ten years, are most striking. In the Mainland and North 
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Orleans. Islands more than 4000 acres of waste land are said to have 
been reclaimed during the last five years. The vast agri- 
cultural capabilities of the county are becoming known, 
and are being rendered available. Draining is extensively 
resorted to. Roads are being made under the sanction of 
an act of Parliament. An Orkney man is ceasing to be the 
amphibious animal his father was. Regard is had to the 
division of labour. The farmer is contented to plough his 
fields, leaving it to the fisherman to plough the main. The 
improvements in progress, and contemplated, will most ma- 
terially ameliorate and enrich the county. 

The lower classes are orderly, industrious, and far from 
being ill-informed. The upper classes, as a body, are not 
inferior to their equals in station in any part of Scotland. 
More frequent intercourse with the mainland of Scotland is 
rubbing off certain peculiarities ; but we rejoice to know that 
the character which Orkney possesses for kindness, courtesy, 
and generous attention to strangers, remains unchanged. 

ORLEANS, a city of France, capital of the department 
of Loiret, stands on the slope of a hill on the right bank 
of the Loire, 34 miles N.E. of Blois, and 68 S.S.W. of 
Paris. Though large and presenting a fine appearance 
from a distance, it is, with the exception of a few modern 
streets, not well built ; and has not that bustle and anima- 
tion which might be expected firom its size and population. 
The river is crossed by a handsome bridge, which was 
built in 1761. It is 1089 feet long, and consists of 9 
arches, the centre one of which has a span of 108 feet. 
From this bridge the principal street of Orleans extends 
northwards through the town to the Barri^re de Paris, at 
the most northerly extremity. The length of this street is 
about three-fourths of a mile ; and in the middle of it is the 
Place du Martroy, of an irregular shape, which contains a 
bronze statue of Joan of Arc, with four bas-reliefs, also in 
bronze, representing the principal events in her life. From 
this to the Loire, the street which is called the Rue Royale, 
is one of the handsomest in France ; the part north of the 
Place du Martroy, which is called the Rue de Banier, is 
also a fine street. Another broad street has been opened 
up through an old and crowded part of the town, leading 
eastward from the main street to the cathedral, which Is 
tlie principal building in Orleans, and is thus seen to greater 
advantage than it could be when blocked up by the sur- 
rounding buildings. To these modern streets the more 
ancient parts of the town present a striking contrast ; as 
the streets in the latter are irregular and ill paved, and the 
houses for the most part built of wood. The cathedral is 
remarkable, as having been built in a pure Gothic style in 
the seventeenth century, at a time when that kind of 
architecture had entirely fallen into disuse. It was begun 
by Henri IV. in 1601 ; but has only recently been finished. 
The west front is very much admired ; it has three pointed 
portals, and is flanked by two towers of great elegance and 
beauty, each 280 feet high. Among the other ecclesiasti- 
cal buildings of the town, the church of St Agnan, — a fine 
Gothic edifice, that has lost both its nave and steeple, — ^and 
that of St Pierre le Puellier, the most ancient in Orleans, 
possess the most interest. The old town-hall, which has 
recently been repaired, has long been used as a gallery of 
paintings and museum of antiquities. The court of jus- 
tice is a building in the Doric style, with four columns in 
front. Besides these public buildings, Orleans contains 
several houses that are interesting from their historical as- 
sociations. Such are the houses of Joan of Arc, of Francis 
I., of Agnes Sorel, of Diana of Poitiers ; some of which are 
remarkable for their architecture and ornaments. Orleans 
also contains a theatre, barracks, prison, hospital, several 
schools, scientific society, botanic garden, and public library. 
It is the see of a bishop ; and has a court of appeal for three 
departments, an inferior court, council of prud!hommes^ and 
chamber of commerce. There was formerly here a uni- 
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versity, at which Calvin, Beza, and other great men studied. Orleans 
The manufactures of Orleans are numerous, but not of very || 
great importance. They consist of woollen and cotton Orley. 
stuffs, hosiery, hats, leather, refined sugar, beer, vinegar, iron- 
mongery, tools of various kinds, earthenware, &c. The 
trade of the place is extensive; but in recent times has 
been on the decline. Corn, wine, timber, wool, cheese, 
and the produce of the manufactures are the chief articles 
of trade. The situation of the town on the Loire, here 
navigable for small steamers, and at the junction of three 
railways, which communicate with Paris, Nantes, Bour- 
deaux, Lyons, and other places, give Orleans great import- 
ance in commerce. Both sides of the Loire are here lined 
with handsome quays ; and on the south bank stands the su- 
burb of Olivet. Besides this, there are numerous other 
suburbs, and many country houses in the neighbourhood. 

The old fortifications, which have been levelled with the 
ground, are now replaced by finely planted public walks. 

Orleans is generally believed to be the same as the ancient 
Genabum, a town of the Celtic people Carnutes, which was 
taken and burnt by Csesar in 52 B.c. It was afterwards 
called Aureliani, from which the modern name has been 
derived. In 45 1 A.D. Orleans was besieged by Attila, but in- 
effectually, as the place was relieved after a brave defence by 
jEtius. It subsequently fell into the hands of the Franks, and 
was made the capital of one of their small kingdoms. Under 
the Capetian kings, Orleans was one of the most important 
of their possessions on account of its military strength ; and 
it was only by this town that the French kings exercised 
any control over the south of France. The most import- 
ant event connected with Orleans in' modern history, is its 
siege by the English in 1429 ; and its deliverance by Joan 
•of Arc. She entered the town in spite of the besiegers, 
and brought a supply of provisions from Blois to the garri- 
son, then sallying out at the head of the French troops, 
having crossed the river in boats, she led on the attack on 
a fort erected by the English on the other side. This was 
compelled to surrender, and on the following day the be- 
siegers destroyed their remaining forts, and raised the siege. 

In the civil wars of the sixteenth century, Orleans was 
besieged in 1563 by the Duke of Guise, who was assas- 
sinated before the walls ; and it suffered much then and 
subsequently from religious dissensions. Orleans gave the 
title of Duke to a branch of the family of Valois, to which 
Louis XII. belonged. Pop. (1856) 43,256. 

Orleans, the name of an island in the St Lawrence, 

Lower Canada, below Quebec. It is 25 miles in length, 
by 5 in breadth ; and being fertile and covered with fine 
woods, it forms an agreeable place of residence, and is much 
frequented. 

ORLEANS, House or, a branch of the royal family of 
France. Besides those who succeeded to the king by title, 
the following are the Dukes of Orleans who play a promi- 
nent part in the history of their country. Louis, the second 
surviving son of Charles V., who was born in 1371, became 
regent to his brother Charles VI. in 1393, and was mur- 
dered by the Duke of Burgundy in 1407 ; Philippe, the 
celebrated regent, who was born in 1674, succeeded to 
the regency after the death of Louis XIV. in 1715, and 
died in 1723; and Louis Philippe Joseph, the father of the 
late French king, Louis Philippe, who was born in 1747, 
renounced his family title for the assumed name of Egalite^ 
during the revolutionary turmoils of 1792, and was guil- 
lotined in the following year. (See France.) 

Orleans, New, See New Orleans. 

ORLEY, Bernard Van, an eminent painter, was born 
in Brussels about 1490. After studying at Rome under 
Raphael, he returned to settle in his native town, bringing 
back with him much of the taste and the grand style of the 
Italian masters. In a short time he had risen to profes- 
sional eminence. Margaret of Austria, the ruler of the 
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Orloff Netherlands, appointed him her painter ; he executed seve- 
II ral pictures for churches both in Antwerp and Brussels ; 

Orme. and his pencil was employed by Charles V. in painting, as 
cartoons for tapestries, several hunting pieces representing 
the emperor and his nobles in the Forest of Soignies. At 
the time of his death, about 1560, his pictures had amounted 
to a large number. A list of them, and of the places in 
which they are to be seen, is given in Stanley’s enlarged 
edition of Bryan’s Dictionary of Painters and Engravers^ 
Two other artists called Orley — namely, Richard Van and 
Jan Van — were also natives of Brussels. 

ORLOFF or Oelov, Gregort, a favourite of Cathe- 
rine IL of Russia, was born in 1734, and having entered 
the Russian army, served in the Seven Years’ War. He 
had a handsome figure, a genteel bearing, an unscrupu- 
lous conscience, and all the other accomplishments essential 
to a tuft-hunter. Accordingly, he had not been long in St 
Petersburg when the Grand Duchess Catherine made 
him her favourite paramour, and her accomplice in her ambi- 
tious plots. His fortune rose still higher, when his mistress 
in 1762 had assassinated her husband, Peter III., and had 
mounted the throne. Dignities and riches were lavished 
upon him; he was allowed to wear the picture of the 
empress in his button-hole ; and a medal was struck, and 
an arch erected in honour of his having stayed a plague at 
Moscow in 1771. Yet by this time the minion, in his 
pampered insolence, was bringing about his own disgrace. 
The proposal of Catherine to marry him privately would 
not satisfy him. He would be her acknowledged husband 
and her associate in the throne, or at least he would be made 
tlie king of some such country as Astrakhan. This arro- 
gance gradually estranged the empress, until in 1772 she 
took advantage of his absence, on an embassy to the Turks, 
to supplant him by a new favourite. From this time Orloff 
seems to have been the victim of disappointed ambition. 
Although honoured with the title of prince, supplied with 
large grants of money, and latterly re-admitted to the court, 
he could not tolerate the sight of his successful rival. He 
sought to forget his chagrin in foreign travel. Madness, 
however, seized him, and brought him to the grave in 1 783. 
Orloff had by Catherine a son named Bobrinski. 

Orloff, Alexis, a brother of the preceding, was born 
in 1737, and became a soldier by profession. His Herculean 
strength and stature, and his reckless audacity, rendered 
him a valuable tool for his brother in the revolution of 
1762. He engaged to be one of the assassins of Peter III. ; 
and it is said that it was his hands that strangled the un- 
fortunate monarch. The after services of Orloff in the cause 
of the Empress Catherine were of the same unprincipled 
stamp. It is true that in command of the Russian fleet in 
1770 he burned the Turkish squadron in the Bay of Tches- 
me, and thus won many notable honours and the title of 
Tchesmenski. But most writers attribute his victory en- 
tirely to the counsels of the Englishman Elphinstone. He 
was certainly more in his element when soon afterwards 
he sought out the youthful Russian princess Tarakanova 
at Rome, decoyed her on board a vessel, and sent her 
home to spend her days in a dungeon. The public life of 
Orloff closed at the death of Catherine and the accession 
of Paul. After having been compelled to attend at the 
disinterment, and to assist at the funeral of Peter III., he 
was glad to escape from further punishment into Germany, 
and to remain away from Russia till the commencement of 
the next reign. His death took place at Moscow in 1808. 

There were three other brothers who took part in the 
plots, and shared the prosperity of the two above men- 
tioned. 

ORLOP, in nautical language, the lower deck of a ship- 
of-the-line, or that on which the cables, sails, &c., are 
stowed. 

ORME, Robert, author of a History of British India, 
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was born at Anjengo, in Travancore, in 1728. He was 
educated at Harrow school, and after spending a year in a 
counting-house in England, he went to Calcutta in 1742, 
and engaged in commercial pursuits. His energy and in- 
telligence soon attracted notice ; and for a number of years 
he rendered essential service in connection with the govern- 
ment of India. Failing healtli, however, compelled him 
to return to England in 1758. He settled in London, 
and employed himself for the two succeeding years upon 
his Military History, The first volume appeared in 1763, 
and was received with great approbation. The East India 
Company not only granted him free access to their re- 
cords, but appointed him their historiographer, with a salary 
of L.400 a-year. He was chosen a fellow of the Society 
of Antiquaries in March 1770 ; and was on familiar terms 
with the leading men of his time. After the publication 
of the second volume of his History in 1778, he continued 
to amuse himself with literary pursuits of a more general 
nature. In 1792 he retired to Ealing, where he died on 
the 13th January 1801. 

Good sense and sound judgment were the principal fea- 
tures of his mind. His works are more distinguished by 
simplicity, clearness, and precision, than by any very 
powerful eloquence, or a very nice discrimination of char- 
acter. His works are , — A Generalldeal of the Government 
and People of Indostan, written in 1752, and printed 
among his posthumous works ; History of the Military 
Transactions of the British Nation in Indostan from the 
year 174^5; the first volume, published in 1763, extends 
to 1756; and the second, published in 1778, carries the 
history down to the peace of 1763; Historical Fragments 
of the Mogul Empire, from the year 1659, 8vo, London, 
1782 ; first published anonymously, but acknowledged and 
reprinted in 4to in 1805, together with the Origin of the 
English Establishment at Broach and Surat, the General 
Idea of the Government and People of Indostan, and a 
Life of the author. Several hundred volumes of Orme’s 
manuscript collections, together with some scarce printed 
tracts relating to oriental history, are preserved in the library 
of the East India Company. 

ORMEA, a town of the Sardinian States, division of 
Coni, on the left bank of the Tanaro, 16 miles S. of Mon- 
dovi. It has an ancient castle, and is surrounded by ruinous 
old walls ; the parish church is a large and handsome building. 
Candles and woollen cloth are made here ; there are also 
saw-mills, and a trade in timber, rural produce, &c. Pop. 
4750. 

ORME’S HEAD, Great, a promontory of Wales, 
county of Carnarvon, 4 miles N.W. of Conway, forming, 
along with Little Orme’s Head, 4 miles E.S.E., a rocky 
inlet of the Irish Sea, called Orme’s Bay. It consists of a 
limestone peninsula, 676 feet high, on which stands Lland- 
dudno church. 

ORMOND, Duke op. See Butler, James, 

ORMSKIRK, a market-town of England, county of 
Lancaster, 12 miles N. by E. of Liverpool, and 42 S. by 
W. of Lancaster. It is clean and well built. From the 
market-place in the centre, in which stands a town-hall, 
four well-paved streets diverge at right angles. The church, 
a large building, which was rebuilt in 1729, has a tower 
and a spire separated from one another. It contains the 
tombs of the Earls of Derby. There are also places of 
worship in the town and neighbourhood belonging to Me- 
thodists, Independents, Unitarians, and Roman Catholics. 
Ormskirk has several schools, literary societies, a savings- 
bank, dispensary, almshouses, See, The place is famous for 
the gingerbread made here ; but the chief occupations of 
the people are handloom-weaving, rope-making, and brew- 
ing. Near this place, in 1644, the Royalists were defeated 
by the Parliamentary troops wit! great slaughter. Pop. 
(1851) 5548. 
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( }rmu 2 ORMU Z, or HoRMUZ, a small island at the mouth of the 
II Persian Gulf, near its northern shore ; N. Lat. 27. 5., E. 

Orn^ Long. 56. 29. It is about 10 miles distant from the conti- 
nent; a rugged, bare, and sterile rock, without any vegetation, 
and about 12 miles in circumference. It has several high 
peaks covered with a transparent ice-like incrustation of 
salt. Other parts of the island consist of soil of a dark red 
colour produced by the oxide of iron, with which the whole 
is impregnated; while other portions are yellow with sulphur, 
or grey with copper. The shape and geological structure 
of the peaks seem to indicate that it is of volcanic forma- 
tion. Of the town on the northern side, which once con- 
tained about 40,000 inhabitants, nothing now remains but 
a mass of scattered ruins ; among which the remains of aque- 
ducts and walls still attest its former greatness. There is, 
however, a good harbour and a fort, which stands on a pro- 
montory separated from the island by a moat. Ormuz 
was taken possession of by the Portuguese in 1507 ; and 
was made by them an emporium for the trade of India and 
the East. It thus became a place of deposit for the valu- 
able products of India, the jewels of Bokhara, and the 
manufactured goods of Europe and Asia. The town 
speedily rose, and the island attained to great importance 
under the Portuguese sway. It is to this period of its 
prosperity that Milton refers, when he speaks of the wealth 
of Ormuz in these lines : — 

“ High on a throne of royal state, which far 
Outshone the wealth of Ormuz and of Ind ; 

Or where the gorgeous East, with richest hand, 

* Showers on her kings barbaric pearl and gold, 

Satan exalted sat.” — Paradise Lost^ b. ii. 

It was taken from the Portuguese, and the town was 
demolished, in 1622, by Shah Abbas, King of Persia, assisted 
by a British squadron of ships. On the introduction of the 
Mohammedan religion into Persia, the disciples of Zoroaster 
took refuge in the rocky caves of Ormuz ; whence they 
emigrated to Bombay, and now form the people called 
Parsees. The island still belongs to Persia; but it is 
rented by the Imam of Muscat, who keeps a small force 
here to defend the fort and harbour. There are no springs 
of fresh water in the island, which is supplied by rain water 
caught in reservoirs made by the Portuguese. 

GENE, a department of France, lying between N. Lat. 
48. 12. and 48. 58., E. Long. 1. 0., and W. Long. 0. 47. 
It is bounded on the N. by the department of Calvados, 
E. by those of Eure and Eure-et- Loire, S. by Sarthe and 
Mayenne, and W. by Manche. Its length from E. to W. 
is 84 miles ; breadth, on an average, 28 miles ; area, 2346 
square miles. It is crossed from E. to W. by a chain of 
hills, which separate the waters of the Loire from, those of 
the English Channel. The highest summits of these hills 
are only about 1368 feet above the level of the sea. The 
principal rivers are, — the Orne, from which the department 
takes its name, the Toucques, and the Dives, all flowing 
northwards from the hills into the English Channel; the 
Huine, Sartlie, Varenne, and Mayenne, which flow to the 
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south, and discharge their waters into the Loire. None of Orne. 
the rivers are navigable in the department. Orne contains v ^ ^ 
numerous lakes ; but they are all small and insignificant. 

The character of the surface and of the soil is very various 
in different parts, beaiing in some places evident traces of 
volcanic action. The extent of arable land in the depart- 
ment is 822,890 acres; of meadows, 323,730 acres; of 
wood, 177,922 acres ; and of waste land, 42,318 acres. The 
state of agriculture is not very highly advanced, and the 
arable land is not of any great fertility; so that notwith- 
standing its extent, the quantity of corn produced falls short 
by about a third of the demands of the population. Oats, 
buckwheat, potatoes, rye, hemp, and flax, are the principal 
crops raised ; in some places also beetroot is grown for the 
manufacture of sugar. The climate of Orne is temperate, 
but very damp; in spring and autumn much rain falls; and 
though the summer is mild and dry, during the winter 
snow, rain, and foggy weather prevail almost without inter- 
mission. No wine is made in this country; but there are 
very many apple and pear trees, in many places lining the 
roads, and affording quantities of cider and perry, the fa- 
vourite beverages of the inhabitants. The pastures are 
very good, and many cattle from the neighbouring depart- 
ments are sent here to be fattened. They, as well as the 
sheep of Orne, are numerous and of good breed ; the horses 
also, especially those of the plain of Alen^on, being of the 
purest Norman breed, are highly esteemed. The depart- 
ment contains about 135,000 head of cattle, 215,000 sheep, 

30,000 pigs, 52,000 horses, &c. Iron mines are worked 
in some parts of the department, and among the mineral 
productions are granite, marble, building stone, porcelain, 
clay, &c. The principal branches of industry carried on are 
the working of iron and the weaving of cloth ; there are 
49 smelting furnaces and forges for iron, besides cutleries, 
needle-manufactories, and establishments for making clotli, 
paper, glass, and lace which is highly esteemed. The articles 
of commerce, besides the produce of the manufactures, con- 
sist of corn, honey, cider, flax, wax, horses, cattle, poultry, 
timber, &c. The department forms part of the diocese of 
Seez ; and for public instruction contains 4 colleges, a 
normal school, 3 upper communal schools, and 623 ele- 
mentary schools. The capital is Alenpon, and the depart- 
ment is divided into four arrondissements as follows : — 


Aleii9on 

Cantons. 
6 

Communes. 

95 

Pop. (IMO.) 
72,492 

Argentan 

11 

191 

102,074 

Domfront 

8 

93 

137,392 

Mortagne 

11 

155 

118,169 

Total . 


634: 

430,127 


Orne, a river of France, giving its name to the above 
department, in which it rises, not tar from Seez. It flows 
northwards to the borders of the department of Calvados, 
then turns N. by E., and falls into the English Channel, 
after a course of 90 miles. It receives the Noireau, the 
Aize, and the Oden, and is navigable as far as Caen, 10 
miles from its mouth. 
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History. Ornithology, from o^/g, btrdj and discourse^ is 
— -V'-^that department of Zoology which treats of the history 
and attributes of the feathered race. Birds form the se- 
cond great division of the animal kingdom, being usually 
placed immediately after the Mammalia, and antecedent 
to the reptile class. They may be defined as vertebrated, 
oviparous animals, covered with feathers, organized for 
flight, and enjoying a double system of circulation and re- 
spiration ; that is, their whole blood, like that of quadru- 
peds, must visit the lungs and return to the heart before 
it is propelled to the extremities, — and the entire system is 
provided with reservoirs of air, in addition to the lungs 
properly so called. 

The vast extent which the science of Ornithology has 
acquired in recent times renders a full exposition impos- 
sible within our necessarily prescribed limits ; but we shall 
endeavour at least to indicate the majority of the more 
important groups, to figure and describe in each some in- 
teresting species, and by frequent reference to such au- 
thors as have most successfully treated of the different 
branches in detail, enable such of our readers as desire a 
more elaborate view, to follow out the subject for them- 
selves. We presume it matters not with which depart- 
ment we commence. Let us begin, then, with the Bib- 
liography, which, however, need not detain us long. 

Few if any important works have been transmitted to 
us from antiquity. In the third book of Aristotle’s 
tory of Animals (Hsg/ Zwwv *Icfro^/a, the period being about 
350 years before the Christian era) we find recorded 
sundry observations, but brief .and superficial, on the fea- 
thered race.^ His division seems to be into such as have 
hooked claws, such as have separated toes, and such as 
are web-footed ; and he observes, that the first have the 
breast the most robust. He describes the differences in 
the structure of the feet, and notices, that although the 
generality have three toes in front, and one behind, yet a 
few have only two toes in front. The bill supplies the 
place of lips and teeth, and passages in different parts of 
the head supply the place of the external organs of the 
senses of smell and sound. The eyes are furnished with 
a membrane like* that possessed by lizards, but want eye- 
lashes. No bird with hooked claws has likewise spurs 
upon its legs. These are a few examples of Aristotle’s 
style of observation on the class in question. 

Pliny was born about the twentieth year of the Chris- 
tian era. The tenth book of his Historia Naturalis treats 
in part of birds, but in a very meagre and immethodical 
manner. He tells us of the raven and the phoenix, of the 
owl, the ibis, and the nightingale, of capons, and the cock- 
fights of Pergamus, and of the character and conduct of 
, various other birds. 

For 1500 years from the time of Pliny we have no re- 
corded observations on Ornithology deserving of the read- 
er’s recollection. About the middle of the 16th century 
Conrad Gesner, a native of Zurich, and a noted French- 
man called Pierre Belon, each published works in part 
devoted to Ornithology. The writings of Gesner {Histo- 
ria Animaliumy 3 vols. folio) exhibit a cumbrous erudition, 
with a sprinkling of original observation, but are chiefly 
extracted from ancient authors. » Baron Cuvier regarded 
him as an excellent compiler. His arrangement is alpha- 
betical. Belon’s most successful efforts were in the ich- 


thyological department, but even in his Historia Apiwriy Histor 3 % 
1 vol. Iblio, 1551, we may trace an improved spirit of ob- 
servation, although the basis of his classification would 
scarcely suffice to support a system now-a-days. He di- 
vides the class of birds into six primary divisions. Isty 
The birds of prey, among which, misled probably by some 
false analogy of plumage, he includes the cuckoo. 2dy 
The Palmipedes. Sdy The Grallse, including, however, the 
king-fisher, bee-eater, and other anomalous species. My 
All the species which place their nests upon the ground, 

— an extraordinary bond of union, which of course brings 
together the pheasant, the lark, and the woodcock. Ne- 
vertheless, our author does not confound them in his lesser 
groups. 5fhy The omnivorous and insectivorous birds, 
among which are placed the pigeons. 6th, The insecti- 
vorous and granivorous species, which habitually frequent 
shrubs and hedges. 

Another noted writer of the sixteenth century was Ulys- 
ses Aldrovandi of Bologna, whose works amount to thirteen 
volumes folio ; — the majority of them, however, were not 
published till after his death in 1606. The first three, 
which treat of birds (as well as one on insects), made 
their appearance in his lifetime, that is, from 1599 to 1603. 

They contain some amusing information, amid avast mass 
of learned rubbish borrowed from his predecessors. Profes- 
sor Savi, however, characterised the ornithological portion 
as <‘un monumento glorioso delsuo instancabile zelo, delle 
sue estese cognizioni ornithologiche, e della sua universale 
erudizione.” It is at the same time entirely deficient in 
scientific precision, and contains, amid much truth, a sad 
intermixture of unmeaning fable. The edition with 
which we are best acquainted is that of Bologna, 1634. 

About nearly the same period a treatise was published 
by Gommer de Luzaney, with the title of De VAutour^ 
serie, which contains some good figures of the birds of prey 
used in falconry. One of the earliest sketches of the 
history of European birds is that given by Schwenkfeld, a 
Prussian naturalist, in a volume entitled Theorio-Trophe- 
um Silesicsy 1603. The arrangement is alphabetical. 

Olina’s Uccelliera, which contains tolerable figures of a 
few species not previously published, appeared at Rome 
in 1622. It is a small affair, restricted to the description 
of very few species, but contains accurate and interesting 
records of their history and mode of capture, as practised 
by the Italians, with whom la caccia, very different from 
that of Melton Moubray, is a noted passion. A swarthy, 
fire-eyed hunter of sixty-five is as proud of a string of 
dead linnets as any young Scotchman of sixteen may be 
of his first well-filled bag of grouse or black game. 

We have next a dissertation on storks, cranes, and 
swallows, by J. G. Swalbacius (Spire, 1630) ; a natural 
history of Nurenberg (Antwerp, 1633) ; a description of 
the birds of the West Indies, by De Laet (Leyden, same 
year) ; a history of the birds of Brazil, by Marcgraaff (in 
his Hist. Rerum Nat. Brasilice, Amsterdam, 1648) ; and 
of those of Mexico, by Hernandez (in his Nova Plant. 

Animal, et Min. Mexicanxytum Hist. Rome, 1651). A 
Scoto-Pole of the name of Johnston published about this 
period (some years elapsing during the completion of the 
various parts) his Historia Animalium, of which the second 
portion treats of birds. He is, a follower, not so much 
of nature, as of Belon, and other authors of the pre- 


' As in some of our preceding treatises on Natural History in this work (see, for example, the article Mam^iali a, vol. xiv.p. 
we have entered at greater length into the general character of the most ancient writers, our present notices are therefore extremely 
slight. 
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History, ceding century, and was himself followed by Ruysch, a tooth-like process near the tip; the feet short, robust, Histwy. 
whose Theatrum Universale Animalium Omnium may be with acute hooked claws. 


regarded as a second edition of Johnston^s work. The 
Natural and Medical History of the East Indies^ by Bon- 
tius, appeared in 1658, and contained descriptions of va- 
rious birds at that time new. Soon afterwards Perrault, 
Borrichius, and Bartolinus, began to furnish the earliest 
modern contributions to the anatomy of the feathered 
race. 

Willughby's Ornithologia (a posthumous work, believ- 
ed to have been greatly amended and increased by Ray) 
was published in 1676. The first edition is in Latin, but 
an English translation, enlarged, made its appearance two 
years after. Ray’s own Synopsis Methodica Avium (et 
JPiscium) was likewise published posthumously, under the 
care of Dr Derham, in 1713. The writings of these au- 
thors are remarkable, as manifesting an approach to a 
more natural system of arrangement than had hitherto 
prevailed ; but as they have been so frequently analysed, 
we deem it unnecessary to occupy our space with any de- 
tailed exposition of their views. Baron Cuvier has term- 
ed Ray le premier veritable m^thodiste pour le r^gne 
animal, guide principal de Linnaeus dans cette partie." 
In Sir Hans Sloane^s Voyage to Jamaica^ &c. (1707-25), 
we have notices of various birds, accompanied by rather 
poor engravings ; but the work was of great use to science 
in England, by the attention and emulation which it ex- 
cited in regard to natural objects, of which the author had 
brought together upwards of 36,000, besides 200 volumes 
of preserved plants. His collections formed the original 
basis of the British Museum. A shovi'y but inaccurate 
work by Marsilli (1726) is devoted to an interesting sub- 
ject, the birds of the banks of the Danube. Albin’s iVb- 
tiiral History of Birds^ in 3 vols. 4jto (1731-38), contains 
above three hundred coloured figures of no great merit. 
Yet it was afterwards reprinted in French, with additions, 
at the Hague. About the same period was published 
Catesby^s Natural History of Carolina^ Florida^ and die 
Bahama Islands, in 2 vols. folio, and appendix (1731-43), 
with numerous coloured plates of birds and other beings. 
Frisch’s excellent work on German birds ( Vorstellung der 
Vogel Beutschlands) was commenced at Berlin in 1734, 
and was not completed when the author died. It was 
continued by a stranger, and a collected edition of the 
whole work, with two hundred and fifty-five plates, was 
published in 1763. Although by no means highly finish- 
ed, these engravings are accurate, and exhibit a good deal 
of tlie truth of nature. The arrangement is defective, 
and retrogrades from that of Ray. Seba s great, or rather 
large work, the Locuphtissimi rerum naturalium Thesatiri 
accurata descriptio, was being carried on during this period 
at Amsterdam, in four volumes folio (1734-65). It is un- 
worthy of being quoted, except in reference to the plates. 

By this time the illustrious reformer of systematic na- 
tural history had made his appearance as an author ; the 
first edition of ^ the Sy sterna Naturce, consisting of only 
fourteen pages folio, having been published at Leyden in 
1735, when Linnaeus was not more than eighteen years of 
age. It ran through twelve editions in little more than 
thirty years; the twelfth impression, the last which the 
author could himself revise, appearing at Stockholm in 
1766-68. The influence exercised by the writings of the 
great Swedish naturalist is too important to admit of our 
proceeding farther without exhibiting a view of his clas- 
sification, so far at least as concerns the feathered race. 
The following table presents an outline of the Linnaean 
arrangement of birds, which he divides into six primary 
groups called orders. 

ORpfeR I. Accipxxbes, or birds of prey. The bill more 
or less curved, the upper mandible dilated, or armed with 


Genus Vultur. Vultures. Beak hooked ; head bare : eight 
species. 

Falco. Eagles and hawks. Beak hooked ; head fea- 
thered ; thirty-two species. 

Strix. Owls. Beak hooked, feathers at its base di- 
rected forwards : twelve species. 

Lanius. Shrikes. Beak straightish, notched : twenty- 
six species. 

Order II. Pic^. The bill cultriforra, with the back 
convex ; the feet short, rather strong. 

Genus Psittacus. Parrots. Beak hooked ; upper mandible 
furnished with a cere : forty- seven species. 
Bhamphastos. Toucans. Beak very large, hollow, con- 
vex, serrated ; both mandibles incurved at the tip : 
eight species. 

Buceros. Hornbills. Beak convex, curved, cultrate, 
large, serrated ; forehead covered by a horny plate : 
four species. 

Buphaga. Beef-eaters. Beak straight, somewhat quad- 
rangular ; the mandibles bulging : one species. 
Crotophaga. Plantain-eaters. Beak compressed, half 
egg-shaped, arched, keeled on the back : two species, 
Corvus. Crows. Beak convex, cultrate; nostrils co- 
vered by recumbent bristly feathers : nineteen species. 
Coradas. Rollers. Beak conical, convex, straight, 
acute ; upper mandible slightly longer, and indistinct- 
ly notched : twenty species. 

Gracula. Grakles. Beak cultrate, convex, somewhat 
bare at the base : eight species. 

Paradisea, Birds of Paradise. Beak covered with the 
downy feathers of the forehead ; feathers of the sides 
long : three species. 

Trogon. Curucuis. Beak shorter than the head, cul- 
trate, hooked, serrated : three species. 

Bucco. Barbels. Beak cultrate, laterally compress- 
ed, notched at the tip, incurved, opening to beneath 
the eyes ; one species. 

Cuculus. Cuckoos. Beak roundish ; nostrils with a 
prominent margin : twenty-two species. 

Yunx. Wrynecks. Beak roundish, sharp pointed ; 

nostrils concave ; one species. 

Pirns* Woodpeckers. Beak angular, straight, the 
tip wedge-shaped ; the nostrils .covered with recum- 
bent bristly feathers; twenty-one species. 

Sitta. Nut-hatches. Beak awl-shaped, roundish, 
straight ; three species. 

Todus. Todus, Beak awl-shaped, a little flattened, 
obtuse, straight, with spreading bristles at the base : 
two species. 

Alcedo. King-fishers. Beak three-cornered, thick, 
straight, long : fifteen species. 

Merops, Bee-eater. Beak curved, compressed, keel- 
ed: seven species. 

Upupa. Hoopoes. Beak arcuate, convex, a little com- 
pressed, rather obtuse ; three species. 

Certhia* Creepers. Beak arcuate, slender, acute: 
twenty-five species. 

Trochilus, Humming-birds, Beak slender, longer than 
^ the head, its tip tubular : twenty-two species. 

Order III. Anseres. Web-footed water-fowl. Bill 
smooth, covered with epidermis, enlarged at the .tip ; tlm 
toes united by a web, the legs compressed and short. 

Genus Anas. Swans, geese, ducks. Beak lamellated at 
the margin, convex, obtuse : forty-five species. 
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Hlstoty. Genus Mergns, Mergansers. Beak denticular cylindrical, 
the tip hooked : six species. 

Alca. Auks. Beak short, compressed, convex, fur- 
rowed, the lower mandible with a prominent angle : 
five species. 

Procellaria* Petrels. Beak a little compressed ; the 
upper mandible hooked, the lower channelled and 
compressed at the tip : six species- 
Diomedea, Albatrosses. Beak straight; upper man- 
dible hooked at the tip, lower abrupt : two species. 
Pelecaiius, Pelicans, solan-geese, cormorants. Beak 
straight, the tip hooked, unguiculate : eight species. 
Piotus. Darters. Beak straight, sharp-pointed, den- 
ticulate : one species. 

Phaeton. Tropic birds. Beak cultrate, straight, acu- 
minate : two species. 

Colynibus, Divers. Beak slender, straight, sharp-point- 
ed : eleven species. 

Larus, Gull. Beak straight, cultrate, the tip slightly 
hooked, the lower mandible with an angular pro- 
minence : eleven species. 

Sterna. Terns or sea-swallows. Beak slender, nearly 
straight, acute, compressed ; seven species. 

Rynchops. Skimmers. Beak straight ; upper mandible 
much shorter, lower abruptly terminated : two species. 

Order IV. Grall-e. Waders or shore*birds. Bill 
somewhat cylindrical ; the feet long, bare above the tarsus, 
and formed for wading. 

Genus Phcenicopterus. Flamingoes. Beak incurvated as 
if broken, denticulate 5 feet webbed : one species. 
Platalea. Spoon-bills. Beak flattish, the tip dilated, 
rounded, and flat : three species. 

Palamedea. Screamers. Beak conical ; the upper man- 
dible hooked : two species. 

Mycteria. Jabiru. Beak acute; lower mandible tri- 
gonal, ascending ; upper three-cornered, straight: one 
species. 

Cancroma, Boat-bills. Beak bulging; the upper man- 
dible resembling a boat with the keel uppermost.* two 
species. 

Ardea. Herons and cranes. Beak straight, acute, long, 
a little compressed, with a furrow from the nostrils to 
the tip ; twenty-six species. 

Tantalus. Ibis. Beak long, slender, arcuate; face 
bare : seven species. 

Scolopax. Snipes and curlews. Beak long, slender, ob- 
tuse ; face feathered ; eighteen species. 

Tringa. Sand-pipers, or shore-larks. Beak roundish, 
as long as the head ; nostrils linear ; feet with four 
toes : twenty-three species. 

Charadrius. Plovers. Beak roundish, obtuse; feet 
with three toes ; twelve species. 

Recurvirostra. Avosets. Beak slender, recurved, point- 
ed, the tip flexible : one species. 

Hcematopus. Oyster- catchers. Beak compressed, the 
tip wedge-shaped : one species. 

Fulica. Coots. Beak convex ; upper mandible arch- 
ed over the lower, which has a prominent angle: 
seven species. 

Parra. Jacanas. Beak roundish, rather blunt ; fore- 
head wattled; wings spurred: five species. 

Rallus. Rails. Beak thicker at the base, compressed, 
acute ; ten species. 

Psophia, Trumpeter. Beak conical, convex, rather 
sharp ; the upper mandible longer ; one species. 

Otis. Bustards. Beak with the upper mandible arch- 
ed ; four species. 

Struthio. Ostrich and cassuary. Beak somewhat co- 
nical ; wings unfit for flying : three species. 


Order V. Galling. Poultry and other gallinace- Histoiy* 
ous birds. Bill convex, the upper mandible arched over -v-*' 
the lower, the nostrils arched with a cartilaginous mem- 
brane. Feet with the toes separated, and rough beneath. 

Genus Pidus. Beak contracted in the middle, with two 
transverse rugae ; the tip of both mandibles bent in- 
wards : one species, now extinct. 

Pavo» Pea-fowl. Head covered with feathers, those of the 
rump elongated, with eye-like spots : three species. 

Mekagris. Turkeys. Head covered with spongy ca- 
runcles ; the throat with a longitudinal membranous 
wattle: three species. 

Crax. Curassoes. Beak with a cere at the base; head 
covered with recurved feathers : five species. 

Phasianus. Domestic fowls and pheasants. Sides of 
the head bare : six species. 

Numida. Guinea-fowls. Carunculated wattles on each 
side of the face ; head with a horny crest : one species. 

Tetrao. Grouse and partridges. Bare papillae near the 
eyes : twenty species. 

Order VI. Passeres, Passerine birds, and others. Bill 
conical, sharp pointed ; feet slender, the toes separated. 

Genus Columha. Pigeons. Beak straight ; nostrils with 
a tumid membrane : forty species. 

Alauda. Larks. Beak slender, pointed; tongue slit; 
hind claws very long ; eleven species. 

Sturnus. Starlings. Beak slender, pointed ; flattened 
towards the point : five species. 

Turdus. Thrushes. Beak subulate, compressed, notch- 
ed : seven species. 

Ampelis. Chatterers. Beak awl-shaped, depressed at 
the base, notched : seven species. 

Looda. Gross-beaks, bullfinches, &c. Beak conical, 
bulging at the base : forty-eight species. 

Emberiza. Bunting. Beak somewhat conical; lower 
mandible broader : twenty-four species, 

Tanagra. Tanager. Beak notched, awl-shaped, coni- 
cal at the base : twenty-one species. 

Motacilla. Wagtails and warblers. Beak awl-shaped ; 
tongue jagged ; claw of the hind toe of moderate 
length : forty-nine species. 

Pipra. Manakin. Beak awl-shaped, feathers at its 
base directed forwards ; tongue abrupt : fourteen spe- 
cies. 

Himndo, Swallows. Beak very small, depressed at the 
base, incurved; the mouth wider than the head: 
twelve species. 

Caprimulgus. Goat-suckers. Beak very small, incurv- 
ed, depressed at the base ; large bristles ; the mouth 
very wide : two species. 

The amount of specie^ in the class of birds with which 
Linnaeus had to form his system did not greatly exceed 
nine hundred. Yet with what admirable tact has he seized 
upon the characteristic forms which so long served as the 
nuclei around which so many other species were assem- 
bled ! Jt is true that his arrangement, like all other in- 
ventions of human genius, is liable to many objections, and 
may not suit the subject in the wide extent acquired in re- 
cent times; — but when w^e see how closely his ordinal di- 
visions accord even with the most elaborate arrangements 
of modern days, and how gracefully his generic groups may 
now be formed into more extended families, each retain- 
ing such strong affinities in its constituent parts, we the 
more incline to marvel at the two following circumstances ; 

— That Linnaeus himself should have so far advanced 
before his age, and anticipated the labours of posterity; 

2d, that that posterity, or such portion of the same as in- 
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History, dine not seldom to sneer at his unprecedented and even 
* now unequalled labours, should not perceive that it is to 
Ins system they are indebted for almost all that is of any 
value in their own. But on this subject we shall not here 
enlarge. 

It has been sometimes remarked, that the characters 
given by Linnasus to his orders are totally inapplicable to 
many of the species which each contains. Thus the vul- 
tures, it is said, which belong to the first order, have no 
projecting processes on the upper mandible ; the parrots, 
which are referred to the second, have the bill hooked, not 
cul triform, and bear no resemblance to the other species ; 
among the An seres, which are characterised as having the 
bill smooth, covered with epidermis, and enlarged at the 
tip, are the gannets, with a bare and pointed bill, and the 
divers, terns, and gulls, with bills not at all answering to 
the description given ; among the Grallae, with a cylindri- 
cal bill, are the ostrich, with a short depressed one, the 
canchroma, with one resembling a boat, the spoon-bill, the 
heron, the flamingo, and others, the bills of which differ 
from each other as much as from those of the snipes and 
curlews ; the character given to the bill of the Gallinse 
agrees with that of many Passeres; and the wag-tail, the 
swallow, the tit-mouse, the red-breast, and numerous other 
small birds, have bills very different from those of the gold- 
finch, bunting, bullfinch, and cross-bill, which, neverthe- 
less, are all defined under the same order, and by a similar 
phrase-^ We believe the truth to be, that the more natu- 
ral an order is, the greater the difficulty becomes of ex- 
pressing its characters in a single line, in accordance with 
the briefness of the Linnaean method, — ^because none of 
these characters, taken in disconnection, remain unmodi- 
fied throughout the extended series of beings which they 
are intended to define. There is always a blending or 
transition towards other groups, so that the character ex- 
pressed in words must be regarded as applying in force 
rather to certain species which exemplify the whole, and 
towards which the others Und^ than to the entire as- 
semblage. Now the Linnman genera are often natural 
as family groups, though their constituent portions may 
not accord with the definition ; and as they become ex- 
tended, or rather filled up, by the discovery of new 
species, the difficulty increases. Many of the modi- 
fying species, or connecting links, were totally unknown 
in the time of the great Swedish observer, who seized 
cliiefly upon the more prominent and tangible points? 
and the necessity of forming new subdivisions in no way 
invalidates his claims upon the gratitude of all lovers of 
the lucidus ordo. At the same time his early disciples 
erred (though less grossly than many of the later rene- 
gades) in viewing all living things as merely destined to 
clothe with flesh and blood the gigantic frame- work which 
he had erected, — as if Ids exposition of the system of 
nature were in fact itself that system, — as if the highest 
attainments of any one, however -gifted, in either art or 
science, were ever more than the passionate expression of 
some dim vision of truth, perceived through the influence 
of the love of knowledge. With all the lights of modern 
method, and the vaunted improvements in classification, 
see we not still “ through a glass darkly Have not 
some of those who talk slightingly of the Swedish sage 
never contrived to see through the glass at all ? 

During the thirty years which elapsed between the first 
and twelfth editions of the Sy sterna Naturos^ several im- 
portant additions were made to Ornithology from other 
quarter^. Edwards, especially, in his Natural History of 
Birds j and other rare undescribed Animals, and in his 
Gleanings in Natural History, amounting in all to seven 


volumes (174-3 and after years), made known in a History, 
rough but recognisable style, many new and interesting 
species. “ C’est le recueil,” says Cuvier, ‘‘ le plus riche 
pour les oiseaux apres les planches enluminees de Buffon.” 

During the same period a letter was published at Pappen- 
lieim, on the birds of the Black Forest, by J. H. Zorn, 

Epistola de Avihus Germanics^ prccsertim Sylvce Hercynim, 
which contains many excellent observations ; and the cor- 
respondence was afterwards extended by Briickmann in his 
Aves in Germania oBvice Bpisfolar. Itinerar. cent. ii. epist. 

18, and Aves Sylom Hercynim, ibid, epist. 17. In Ander- 
son’s Natural History of Iceland and Greenland (1750), we 
have among the earliest authentic notices of the Zoology 
of these northern regions. Klein and Maering each pub- 
lished systematic works, but based on very artificial prin- 
ciples, at this epoch. In Brown’s Civil and Natural His* 
tory of Jamaica, there are several ornithological contribu- 
tions ; and we may here name another excellent English 
Natural History of Cornwall, wdiich appear- 
ed at Oxford in 1758. In 1760 Brisson published his great 
systematic Ornithologie, in six volumes 4to, still of value 
for the minute though laborious exactness of the descrip- 
tions. His method is founded entirely on the form of the 
bill and feet, the number of the toes, and the manner in 
which these are united, with or without membrane, to 
each other. The Ornithologia Borealis of Brunnich ap- 
peared at Copenhagen in 1764. 

The Storia Naturale degli Uccelli, printed at Florence 
in 1767, is the most extensive of all the Italian works on 
Ornithology, after that of Aldrovaiidi. It is frequently 
named by Temtninck and other modern writers, most of 
whom, however, from their vague references, may be safe- 
ly inferred to quote at second hand. It consists of a large 
collection of plates both of indigenous and exotic birds, 
executed with sufficient exactness, considering the slight 
practice which obtained in those days in the representa- 
tion of natural objects. The position of most of the figures, 
as Signor Savi remarks, is forced and unnatural ; and we 
may see at once that the artist was guided more by his 
own fancies than the accustomed observance of living na- 
ture. “ Illuminatio non semper optima, nec optimus sem- 
per avium situs/’ are the observations made by Boehmer.* 

The plates were engraved from drawings in the collection 
of a Florentine patrician, the Marchese Giovanni Gerini, 
a passionate lover of Ornithology, who passed much of Ins 
time in collecting, and causing to be described and figured, 
whatever birds he could procure from every clime and coun- 
try. After his death some learned men, unfortunately not 
much skilled in Ornithology, supposing either that general 
erudition might suffice for science, or that the superficial 
stxidy of a few books might compensate the want of laborious 
observations carried on from year to year, undertook to pub- 
lish Gerini’s uncompleted work, to fill up the voids which 
he had left, and even to alter what he had already done. 

They thus compiled a superficial text, in which they con- 
fused the classification, mistook the species, omitted seve- 
ral of the most interesting, and neglected the localities, — so 
that a work which, in the hands of an able editor, might 
have added a new glory to the already illustrious literature 
of Italy, became nothing more than a disorderly collection 
of figures. It is, however, of some value, chiefly as con- 
taining representations of species not previously known, 
such zeFalco cenchris, Fringilla eisalpina, Sylvia provinci* 
alis, melanocephala, and melanopogon, Sterna leucopteray &c. 

From the year 1767 onwards, Pallas, in his Spicilegia 
Zoologica, the narrative of his various 7Vat’e/5,and ihtActa 
of the Royal Academy of St Petersburg, contributed to Or- 
nithology, as to most other branches of zoological science ; 


* MacgilUvray’s Livet of ZoologisU, vol. i. p. 279. 
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History, and about the same time the industrious Pennant was ac- 
tively engaged in his important labours. His numerous 
well-known works need not be here particularised. The 
great collection published at Nuremberg by Schligmann in 
1768, though amounting to nine volumes folio, including 
an indifferent text, seems chiefly copied from preceding 
works, such as those of Catesby and Edwards. In 1770 
and following years, Noseman, in conjunction with Sepp 
the engraver, published, in Dutch, his History of the Birds 
of the Low Countries* The concluding fasciculi are by 
Houttuyn. Baron Cuvier thinks the figures remarkable 
for their elegance."' Mr Swainson regards them as “poor 
and unnatural."’ The year 1770 is farther marked as an 
important epoch, by the appearance of the first two volumes 
of the Histoire Naturelle des Oiseaux^ by Buffon. That 
illustrious writer was the first to clothe the descriptive 
portion of the science with colours as bright and varied as 
those which beautify the fairy forms of which he treats, 
but which had hitherto been viewed as it were only by 
the half'Closed eye of the technical describer. The Planches 
Enlumineest afterwards published by Daubenton the youn- 
ger, in illustration of Buffon’s work, amount to above a 
thousand plates of birds, being the greatest and most 
important collection yet achieved in this department. In 
1774 we have the Elementa Ornithological by Schoeffer, 
whose system rests entirely on the legs and feet of birds, 
the primary sections being divided into nudipedes and 
plumipedes^ while the orders and genera are determined by 
the number, position, and connection of the toes. He 
never employs the bill when he can help it ; from which 
we may infer the nature of the work, and its probable uti- 
lity to the student. 

The Voyages aux Indes^ &c. by Sonnerat (1775 and suc- 
ceeding years), contains figures and descriptions of many 
new exotic species. Scopoli's Introductio ad Historiam Na- 
turalem^ published at Prague in 1777, exhibits a systematic 
distribution of birds, based on the form of the scales which 
cover the tarsi. Thus the species which, like the gene- 
rality of the accipitrine kinds, parrots, the gallinae, grallae, 
and palmipedes, have those parts covered by small poly- 
gonal scales, form the section called retepedes ; while the 
others, which have the tarsi protected in front by semicir- 
cular plates, bordered behind on each side by a longitu- 
dinal furrow, constitute the scutipedes. The general result, 
however, of this view is by no means successful. In 1776 
Francesco Cetti published his Uccelli di Sardigna, a small 
octavo volume, containing descriptions of only a portion of 
the Sardinian birds, but valuable, from its notices of their 
habits, and the description of various new species. 

Latham’s General Synopsis commenced in 1781. How- 
ever faulty in relation to the present state of the science, 
it was a work of great merit for its time, and contains, un- 
der not very appropriate names, by no means inaccurate 
descriptions of many rare birds, some of which have since 
been published, by more recent writers, as entirely new. 
Under this head we may mention both the Index Orni- 
thologicus of the same author (1790), and his greatly en- 
larged and more modern work, the General History of 
Birds^ ten volumes 4to, 1821-24, which combines the two 
preceding (with their supplements) ; but is, we regret to 
say, a mere combination of those rather obsolete mate- 
rials, without critical discrimination, or any correction of 
the ancient errors. There is great increase without much 
progression. Nearly contemporaneous with Latham's first 
work, we find contributions to Ornithology by Gilius, 
Merrhem, and Jacquin, About 1783 Mauduit commenced 
the Ornithology of the Encyclopedic Methodique, for which 
Bonnaterre formed the system of classification which ac- 
companies the volume of indifferent plates. Of the de- 
scriptive portion an excellent modern continuation, if not 
completion, has been published by M. Vieillot, in three vo- 

vot. XVI. 


lumes 4to, 1823. Sparraann, a pupil of Linnaeus, and a History, 
well-known traveller, published in 1786 the Museum 
sonianum, in which several new species are represented 
and described. In 1787 R. L. Desfontaines (in the Me-- 
moires de VAcadimie des Sciences) contributed some no- 
tices of birds which frequent the coasts of Barbary; and, 
in the same year. Martinet, who had acted under the 
younger Daubenton as a superintendent of the Planches 
Enluminees, took it into his head to publish, on his own 
account, a collection of figures and descriptions of birds, 
amounting to no less than nine volumes octavo. Their 
number was not more alarming than their nature. 

In 1789 and following years, J. F. Gmelin published 
the thirteenth edition of the Systema Natures of Linnaeus. 

“ Son travail," says Baron Cuvier, “ tout indigeste et de- 
nue de critique et de connaissance des choses, est cepen- 
dant necessaire, comme la seule table un pen complete 
de ce qui a 6te fait jusque vers 1790." About a volume 
and a half is devoted to Ornithology. White’s Journal of 
a Voyage to New South Wales appeared in 1790, forming 
an interesting addition to the natural history of a country 
which still offers a vast field for zoological research ; and 
soon afterwards Shaw announced his Zoology of New Hoi- 
Umdf which advanced no farther than a few fasciculi. We 
have likewise in 1790 the Fauna Grdenlandica of Otho 
Fabricius, a work of great merit for the time, and still 
holding a high place in the estimation of the naturalist, 
from the accuracy of its descriptions, although in some in- 
stances the names are misapplied. In 1792 M. Beseke 
published in German his materials for the Natural His- 
tory of the Birds of Courland* The works by Lord, Hayes, 

Lewin, and others, which appeared about this epoch, in il- 
lustration of the birds of Great Britain, were so soon af- 
terwards superseded by the admirable and unequalled wood 
engravings by the inimitable Bewick, that it is scarcely ne- 
cessary to bring their names to the reader's recollection. 

We may close our imperfect sketch of the Ornithology of 
the eighteenth century by the mention of Cuvier’s first 
work, the Tableau Elementaired! Histoire Naturelle (1798), 
which contains the methodical distribution of birds, which 
he afterwards completed in his Regne Animal. 

We may commence the present century with the title 
of Daudin's work, the Traite EUmentaire et compUt Or- 
niihologie^ two vols. 4to, 1800. It is an unfinished compi- 
lation, of no great merit, containing only the accipitrine 
birds, and a portion of the Passeres. Although Le Vaillant 
commenced his magnificent series of ornithological illus- 
trations during the preceding season, and continued them 
at intervals for several years, wc shall here group together 
the most important, for the convenience of the reader : 1st, 

Histoire Naturelle des Oiseaux de VAfrique, six vols. 4to, 
1799-1800. The plates amount to 300, but are in- 
ferior to those of the other works of the same author. 

2d, Histoire Naturelle June Partie J Oiseaux Nouveaux et 
Bares de VAmerique et des Indes, one volume 4to, 1801. 

This volume illustrates the Buceridee or horn-bills, and the 
AmpelidcB or fruit-eaters. 3d, Histoire Naturelle des Perro- 
quets, 2 vols. 4to, 1801-5, Almost all the plates (139 
in number) of this exquisite work are from drawings by 
Barrabaud, an almost unrivalled artist in the ornithological 
department. 4th, Histoire Naiurelk des Oiseaux do Paradis^ 
et des RollierSy suivie de celle des Toucans et des Barbus, 2 
vols. folio, 1806. “ Equally splendid,’’ says Mr Swainson, 

« with the preceding. The size and extraordinary plu- 
mage of the paradise birds require a scale fully equal to 
the dimensions of this volume, which exceeds any other of 
the author’s in the beauty and splendour of its contents.” 

We believe that the two volumes, though generally regard- 
ed as one series, were published separately, with distinct 
titles. 5tb, Histoire Naturelle des Promerops, et des Gue- 
picTSy 1 voL folio, 1807. Tliis rare and beautiful volume 
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History, sometimes occurs alone, sometimes as forming volume 
third of the preceding series. A complete collection of 
Le Variant’s works forms of itself a noble gallery of or- 
nithological portraits. The letter-press, more especially 
that of the Oiseaux d*Afriquey is also of great value, and 
will be studied with additional advantage by those familiar 
with the delightful narrative of his first and second Tra- 
vels into the Interior of Africa, 1790-95. 

As belonging to the same class of works, and also of ex- 
cellent execution, may be mentioned Desmaret’s Histoire 
Naiurelle des TangaraSy desManakinSy etdes TodierSy 1 vol. 
folio, 1805. M. Vieillot, who died in 1828, after a very 
active career in Ornithology, is the author of the following 
works, all of a sumptuous character, and of considerable 
value in their way, though inferior in beauty to those of the 
two preceding authors. Histoire Naturelle des plus beaux 
Oiseaux Chanteurs dc la Zone Torridsy 1 vol. folio, 1805 1 — 
Histoire Naturelle des Oiseaux de VAmerique Septentrionahy 

2 vols. folio, 1807 ; — Gahrie des Oiseauxy 4i vols. 4to, 
1826, an extensive series of figures, chiefly from the col- 
lection of the museum in the Garden of Plants. M. Vieil- 
lot is likewise the continuator of Audebert^s Histoire des 
Oiseaux doresy ou d rejlets metalliques (2 vols. folio, com- 
naenced in 1802) ; and has written largely on systematic 
Ornithology in the Encyclopedie Mithodique ( Ornitholo^ 
gky by the Abb6 Bonnaterre, continued by M. Vieillot, 

3 vols. 4to, besides the plates, Paris, 1823); and in the 
Nomeau Dictionnaire d! Histoire Naturelle^ Lastly, he in- 
dicated various new groups, or at least a variety of groups 
under new names, in his Analyse d'une Nouvelle Omithoh* 
gie EUmentairey Paris, 1816 ; a work which seems to have 
occasioned great offence to M. Temminck,^ and some dis- 
satisfaction to Baron Cuvier.® 

Alexander Wilson's admirable American Ornithology y or 
Natural History of the JBirds of the United Statesy was pub- 
lished in nine volumes quarto (including Mr Ord's Supple- 
ment Jbe tween 1808-14. It still maintains its character as 
a work of the highest value, and although it has been since 
surpassed by other works in elegance of design and beauty 
of colouring, its descriptive or narrative portion has been 
scarcely equalled. Of this most remarkable production 
several editions have been published in America, and two 
in this country, viz. one by Professor Jameson, in a cheap 
and commodious form (four small volumes of Constable's 
Miscellany y No, 68—71, 1831), with the advantage of a 
systematic arrangement of the original materials, — another 
by Sir William Jardine (in three large 8vo volumes, 1832), 
with plates, and consequently of higher price, but enriched 
by numerous notes of great value. 

We may here name the General Zoologyy in fourteen 
volumes octavo, 1800-26, commenced by Dr Shaw, and 
concluded by Mr Stephens. The last seven volumes are 
devoted to Ornithology, Most of the plates are copies. II- 
Mger’s excellent Prodromus Mammalium et Avium was pub- 
lished at Berlin in one volume octavo, 1811. It establishes 
several new and important genera. 

The first edition of the Regne Animal of Baron Cuvier 
(four vols, 8vo) appeared in 1817 ; the second (in five vols. 
8vo) was published in 1829. We need say nothing of the 
surpassing excellence of a work which cast the whole sub- 
ject of Zoology into a new and more natural form, nor of 
the unequalled labours of the illustrious author, by whom 
the structure and characters of so many important groups 
nave been brought from darkness into light. The generd 
features of his system have, with few exceptions, been 
steadily adhered to throughout the zoological treatises of 


^ Se» Ms ObHrvatiom sur la Glassification Mkhodique d 4 s Oiseam 
edition, p. X. • 
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this Encyclopaedia, and (which is more to be admired) do History, 
equally pervade and illumine the labours of many modern 
authors who yet place themselves in opposition to his doc- 
trines, and seem to have forgotten, or been blinded by, the 
dazzling source from which they drew their “ golden light 
as if the false though gorgeous glory of a cloud could of it- 
self adorn the beauty of the azure heavens, — as if the re- 
flection of a sparkling river were any thing more than the 
borrowed lustre of the “ Great Apollo." Let the reader 
rest assured, that however praise-worthy may be the skill 
and devotedness of our ingenious system^makers, or how- 
ever valuable may be the materials which they have brought 
to bear upon isolated portions of nature's most majestic 
kingdom, they are yet separated, by the will of God, in head 
and hpd, longissimo intervallo," from their great master. 

This is no reason, but the reverse, for their ceasing to 
exercise their useful talents and natural powers of obser- 
vation with assiduity and patience, as becomes alike the 
aspiring philosopher and the humble Christian; — but let 
no man mistake the spirit he is of," nor suppose an owl 
an eagle, seeing that not in every acceptation of the phrase 
is it true, that a living dog is better than a dead lion." 

The natural history of the birds of Germany has been 
amply and successfully illustrated by the well-known works 
of Naumann (father and son), by those of Bechstein, and 
of Messrs Meyer and Wolf. We owe to M. Leisler a 
Sunplement to the work of Bechstein (Hanau, 1812-13), 
and of Naumann’s Naturgeschichte der Vogel HeuischlandSy 
a second edition (in octavo), with beautifully-coloured plates, 
was commenced in 1820, and continued by his son till 1846. 

Meyer and Wolf's Taschenbuch der Deutschen Vogel- 
kunde amounts to a number of volumes, and is filled with 
excellent observations ; while their large illustrated work 
on German birds, commenced so far back as 1804, and 
now brought to a conclusion, is one of the most beauti- 
ful with which we are acquainted. M. Brehm published 
his Beitrage zur Deutschen Vogelhmde in 1820-22, in three 
large volumes, filled with minute details, which exhibit an 
accurate practical knowledge of the science. The author's 
views of species are peculiar. His Lehrbuch der Natur- 
geschichte aller Europaischen Fo^c^(two volumes) was pub- 
lished in the following year. In this, too, he surely describes 
local races, or accidental varieties, as distinct species. To 
M- Brehm we likewise owe several fasciculi of a work com- 
menced in 1824, and published at intervals, under the title 
of Omis, It consists of memoirs and memoranda, by va- 
rious authors, relating chiefly to Ornithology. Lastly, we 
may here name his Handbuch der Naturgeschichte aller Vo- 
gel Deutschlands (Ilmenau, 1831), forming a goodly volume 
of 1100 pages octavo (with plates), which, M. Temminck 
remarks, may be reduced to at least one half, by suppress- 
ing the numerous indications of what the author calls sub- 
species. His system is partitioned into twenty-three orders, 
variously subdivided, and containing 196 genera. 

Some important additions have been made of late years 
to the Ornithology of northern countries. The birds of 
Sweden are described by Professor Nilson of Lund, in 
his Ornithohgia Suecica, Copenhagen, 1 817-21, The 
same author published a Skandinavische Fauna in 1824; 
and a much more sumptuous work appeared at Lund in 
1832, under the title of llluminerade figurer till Skandi- 
naviens Faunuy mit text The first volume contains, be- 
sides quadrupeds, seventy-five figures of birds. In 1822 
M. Boi6 gave forth his Tagebuch gekalten auf einer Eeise 
durch Norwegeuy in which, along with the narrative of his 
travels, he furnishes many valuable observations on the 
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History, history and manners of the birds of Norway. The same 
author published a work under the title of Omithologische 
Beitragey in 1824 M, Faber’s excellent little volume, the 
ProdroTtius der IslcLYidischeu OTnithologisy appeared in 
1822. It contains most interesting accounts of the birds 
of Iceland, especially the aquatic kinds ; and not less va- 
luable is his later publication, Uber das Lehm der hoch- 
nordisehen Vogely 1825, in which we have many acceptable 
observations on the geographical distribution, and the 
modes of life, of northern species. While on the subject of 
northern birds, we need scarcely recall to the reader s re- 
membrance the various appendices to the Voyages of 
Parry and Franklin; likewise Sabine’s Memoir on the 
Birds of Gh'eenland (Linn. Trans, vol. xii.); or the 
beautiful work by Dr Richardson and Mr Swainson on the 
birds of Northern America, which constitutes the second 
volume of the Fauna Boreali-Americanay 1831. 

We have few systematic works devoted to the Ornitho- 
logy of the more southern countries of the European con- 
tinent. We are ourselves acquainted only by name with 
the Ornitologia deW Europa Meridionale (dedicatio sig- 
nata 1772), in fol. max., by Clement Bernini, a teacher of 
drawing. The birds of France in general are described by 
M.Vieillot in the corresponding portion of Fauna Fran* 
pawe,an octavo work, still in course of publication; and those 
of Provence in particular, by M. Polydore Roux in his Or* 
nithologie Provengaky 1825. Of a more general character, 
though not without its bearings on our present subject, is 
the Histoire Naturellede V Europe Meridionale by M. Risso 
of Nice, in five volumes 8vo, 1826, We have already had 
occasion to name the Storia Naturale degli Uccelliy pub- 
lished at Florence in 1767 ; and Cettfs more restricted one, 
Gli Uccelli di Sardignay 1776. In more recent times 
(1811), Professor Bonelli of Turin published a Catalogue des 
Oiseaux du PUmonty containing two hundred and sixty- 
two species. In 1822, Giambatista Baseggio inserted in 
the twenty-eighth volume of the Biblwteca Italiana an 
enumeration of the birds observed by him in the neigh- 
bourhood of ^Bassano, amounting to a hundred and thirty- 
seven species. In 1823, Fortunate Luigi Naccari printed 
at Treviso his Ornitologia Veneta, ossia Catalogo degli 
Uccelli della provincia di Veneziay in which he notices 
two hundred and six species. In the same year Savi the 
younger published, at Pisa, his Catalogo degli Uccelli del* 
la Provincia PisanUy e loro Toscana Sinonimia* The spe- 
cies are classed in accordance with M. Temminck’s sys- 
tem, and amount to two hundred and twenty. From 1819 
to 1826, Professor Ranzani of Bologna gave forth his ex- 
cellent Elemend di Zoologiay of which the third volume, 
consisting of nine parts, is devoted to the natural history 
of birds. It is, however, a general system, treating of 
exotic as well as of indigenous kinds ; yet a good deal may 
be gleaned from it regarding the Italian species. A work 
of more special interest is the Specchio comparativo delle 
Ornithohgie di Foma e di Filadelfiay by Carlo Bonaparte, 
commonly called the Prince of Musignano. In this slight 
bht highly interesting volume (republished in the Nuovo 
Giornale dd Letterati of Pisa), the author compares the 
Ornithology of two distant regions of Europe and America, 
lying, however, under nearly the same latitude, and re- 
cords his observations on their history and manners. Of 
the species of the Roman territory we had previously 
scarcely any. knowledge, and the Prince makes us ac- 
quainted with not fewer than two hundred and forty- 
seven. By the same author we have also Osservazioni 
sulla Seconda Ediziom del Regno Animale del Baron Cu* 
vieTy inserted in the tenth and eleventh fasciculi of the 
Annali di Storia Naturale of Bologna ; and he afterwards 


commenced the Iconografia della Fauna ItalicUy — a History, 
sumptuous lithographic work, in large quarto, devoted to 
Italian zoology, — consisting of thirty numbers, forming three 
handsome vols. royal quarto, with magnificently- coloured 
plates, published at Rome, 1834-1842. Though not re- 
lating to Italy, we may here mention our author’s other 
works, viz. American Ornithology y or the Natural History of 
Birds inhabiting the United Statesy not given by Wilson^ 
with coloured figures, three volumes quarto, Philadelphia, 

1825-28 (only the land-birds have yet been published) ; — 
Observations on the Nomenclature of Wilson* s Ornithology y 
Philadelphia, 1828 ; — and Genera of North American Birdsy 
with a Synopsis of the species found within the territory of 
the United StateSy New York, 1828 (published in the An* 
nals of the Lyceum of that city). The birds of Liguria 
are enumerated and briefly described, particularly the im- 
mature conditions of the plumage, by Girolamo Calvi in his 
Catalogo d* Ornitologia di Genovoy 1828. 

One of the most important works with which we are 
acquainted on the birds of Italy, is the Ornitologia Tos* 
cana of Professor Savi, in three vols. 8vo, with additional 
synoptical tables, Pisa, 1827-31. Though more specially 
devoted to the birds of Tuscany, it also contains descrip- 
tions of all the other Italian species, and may be regarded 
as a most valuable addition to our knowledge of the 
feathered tribes of Europe. The southern position and de- 
lightful climate of the Italian Peninsula induce the wan- 
dering wings of many species elsewhere rarce aves to wend 
their way towards the olive groves and richly laden fig- 
trees of that favoured land, — thus connecting the Ornitho- 
logy of Europe with that of Africa and other sultry re- 
gions. 

We may be thought, in some of our preceding notices, 
to have entered too minutely into the enumeration of de- 
scriptive local works, but we have been guided in so do- 
ing by tw6 considerations : That none of our English 

writers ever make any allusion to Italian Ornithology, ex- 
cept by casual reference to Carlo Bonaparte ; and, idly, 
that Buffon has recorded as his opinion, that le seul 
moyen d’avancer I’ornithologie historique, seroit de faire 
Thistoire particuliere des oiseaux de chaque pays ; d’abord 
de ceux d’une seule province, ensuite de ceux d’une pro- 
vince voisine, puis de ceux d’une autre plus eloign^e ; re- 
unir apres cela ces histoires parttculieres pour composer 
celle de tous les oiseaux d’une m^me climat; faire la m^me 
chose dans tous les pays et dans tous les dliferens climats; 
comparer ensuite ces histoires particulieres, les combiner 
pour en tirer les faits, et former un corps entier de toutes 
ces parties separees.” ^ 

The Natural History of British Birdsy by Donovan, in ten 
volumes octavo, is a work of no great merit. Its period 
of publication extends from 1799 to 1816. 

To no one of our recent writers is Ornithology more 
deeply indebted than to M. Temminck. His Histoire No* 
turelk Generaledes Pigeons et des GallinaceeSy three volumes 
octavo, appeared in 1813-15. The portion which concerns 
the pigeons was also published in folio, with beautiful co- 
loured plates, by Madartie Knipp. His Manuel d Omitho* 
logiey ou Tableau Systematique des Oiseaux qui se trouvent en 
EuropCy 1815, consisted at first of a single octavo volume ; 
but a greatly improved and extended edition in two vo- 
lumes appeared in 1820. Whatever difference of opinion 
may prevail in regard to the author^s system, naturalists 
are agreed that this is by far the most vaulable work we yet 
possess on the birds of Europe. Its main excellence con- 
sists in the attention* bestowed upon the sexual distinc- 
tions, and the successive changes of plumage from youth 
to age. The first volume contains, under the title of Ana* 
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Histor/. ly^e du Systhme Ginerale rf* OrnitJiologie^ classification of 
birds in general* Instead of a third edition of his Manuel^ 
the author published in 1835 a third part, as a supplement 
to the first volume, and a few years afterwards he gave 
out a fourth part, or supplement to the second vo- 
lume. These parts contain the corrections and additions 
rendered necessary by the lapse of many years. But M. 
Temminck has not confined his attention to the birds of 
Europe. In 1820 he commenced (in conjunction with M. 
Meiffren de Laugier) his Planches Coloriees, a work in- 
tended as a continuation and completion of the well-known 
Planches Enluminees of Buffon. It is printed in both a 
quarto and a folio form, and now amounts to one hundred 
and two parts, which concludes (so far, at least, as the 
first great series is concerned) what was originally de- 
signed by the author. It forms five volumes, com- 
posed in all of five hundred and ten plates, exhibiting 
seven hundred and fifty-five figures of birds, the majority 
unknown to prior writers. Each plate is accompanied by 
corresponding letter-press, containing the generic charac- 
ters, the description of the species figured, and in many 
instances by general observations on the distribution and 
construction of groups. The two concluding numbers 
contain a general index, as well as the tables and titles 
of the volumes. Now that this work has been completed, we 
trust M. Temminck will be encouraged to proceed to ano- 
llier series, as we know his materials are abundant, if not 
inexhaustible. It would in truth be desirable that some 
such established work should be generally regarded as a* 
j)roper medium for the publication of new or rare subjects 
in Ornithology, for it is the bane of natural history in ge- 
neral, that every year should be distinguished by the ap- 
pearance of numerous abortive attempts, which each suc- 
ceeding season condemns to oblivion. Thus the tax be- 
comes both heavy and unproductive, yet we fear that na- 
tional pride and personal vanity will long prevent the in- 
troduction of a better system. We do not mean to say 
that we possess not among ourselves individuals compe- 
tent to do the subject justice, but assuredly there is much 
labour lost by a want of concentration. 

In connection with the labours of the last-named author, 
we may here mention M. Werneifs lithographic work, en- 
titled Atlas des Oiseaux d Europe, pour servir de complin 
mentau Manuel d' Ornithologie de M. Temminck, in two 
thick vols. 8vo, with 530 plates, 1848. M. Temminck had 
figured a few European novelties in his Planches Coloriees, 
but he appears to have remitted most of his rare indigenous 
kinds to M. Werner; and we are happy to find that he 
has communicated, so far as the publication of his 
European species is concerned, with our zealous and intel- 
ligent countryman Mr Gould. This leads us to record the 
title of one of the most sumptuous and beautifully execut- 
ed works within the whole range of ornithological illustra- 
tion, viz. The Birds of Europe, by John Gould, RL.S. 
now completed in five volumes royal folio. The plates are 
chiefly from lithograph .drawings by Mrs Gould, but many 
are also by Mr Lear, one of the best ornithological drafts- 
men the world has yet seen. Mr Gould’s other works, all 
of recent date, and of the same form and character as the 
preceding, are as follow:— « Century of Birds, from the 


Himalaya Mountains ; — a Monograph of the Toueans ; — History. 
a Monograph of the Trogons; — and, a Synopsis of 
Birds of Australia} The latter is in a more portable form 
than the others ; but it is the author’s intention to illus- 
trate the Ornithology of New Holland in the same mode 
as that in which he has treated the birds of Europe. 

To M. Lesson the Ornithologist stands indebted for se- 
veral publications, both of a sumptuous and useful charac- 
ter. The last edition of his work on humming-birds bears 
the following title : Les Trochilidis, ou les colibris et les 
oiseaux mouches, suivi dun index general, dans lequel 
sont decrites et classics mithodiquement toutes les races et 
espices du genre Trocliilm, Paris, 1832, with seventy co- 
loured plates. Conjointly with M. Garnot, he pub- 
lished some figures of birds in the Zoological Atlas to Du- 
perrey’s Voyage autour du Monde, as well as in his own 
Centurie de Zoologie, His other works specially devoted 
to our present subject are, — Manuel d Ornithologie, two 
volumes 18mo, 1829 ; Traite d Omithologie, two volumes 
8vo (with 119 plates), 1831; and Histoire Naturelle des 
Oiseaux de Paradis, des Serictiles, et des Epimaques, one 
volume 8vo (with 41 coloured plates), 1835. 

Mr Swainson’s beautiful Zoological Illustrations (First Se- 
ries 3 vols. 8vo, 1820-23, Second Series 3 vols. 8vo, 1832-3) 
contain representations of many rare and remarkable birds, 
and yield to none with which we are acquainted, either in 
elegance or accuracy. By the same author (conjointly 
with Dr Richardson) we have, as already noted, the Fau- 
na BorealuAmericana, Part Second ; and (without other 
aid than his own delightful pencil) several fasciculi of the 
Birds of Brazil, More recently Mr Swainson has en- 
tered into a minute as well as extended exposition of the 
Natural History and Class^cation of Birds, in two vo- 
lumes (ISSS"-?), which form the ornithological portion of 
Dr Lardner’s Cyclopaedia. These will amply repay the 
most attentive study. 

The birds of South America, which, like all the pro- 
ductions of that splendid country, are extremely gorgeous, 
have been here and there illustrated in various works, 
and are partially so by Mr Swainson in one of those just 
named. In Azara’s Voyages dans VAmerique Meridion* 
ale (1809, 3d and 4th volumes) there are descriptions of 
many hundred species from Paraguay and La Plata. The 
ornithological portion of the French edition was translat- 
ed, with^ notes, by Sonnini.^ A great mass of Brazilian 
species is described and figured in Spix’s Avium Species 
Nova, &c, 2 vols. 4to, 1824-26 ; while the habits of se- 
veral of the more curious birds of Demerara are record- 
ed in Mr Waterton’s eccentric and well-known Wan- 
derings, 

The Ornithology of North America has been illustrat- 
ed in an extremely full and satisfactory manner. Indeed, 
of the feathered tribes of no country out of Europe, equal 
in extent, do we possess so ample and accurate a know- 
ledge as we do of those of the United States. We have 
already mentioned the immortal work of Alexander Wil- 
son, and its excellent continuation by Charles Lucien Bo- 
naparte ; but at present we have to record the title of a 
much more magnificent publication than either, we mean 
The Birds of Aarnerica, engraved from Drawings made in 
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History* the United States, by John James Audubon, F. R. S., &c. 
3 vols. folio, London, 1831-37 ; an undertaking which far 
exceeds in size and splendour all its predecessors in this, 
or indeed in any other department of Zoology. The di- 
mensions of the work, as we have elsewhere noticed, are 
such as to enable the author not only to represent the 
largest birds of the United States, of the size and in the 
attitudes of living nature, but to figure a great proportion 
of them in family groups, so admirably conceived and skil- 
fully executed, as really to form historical pictures of the 
highest interest to the general observer, and of the great- 
est utility to the student of Ornithology. The completion 
of each volume of plates is immediately followed by a large 
octavo volume of descriptive and general history of all the 
species therein contained. Mr Audubon far excels Wil- 
son as an ornithological draftsman, and often equals him 
in his lively, eloquent, and interesting details of the life 
and manners of the feathered tribes. His descriptive vo- 
lumes are entitled Ornithological Biography, or an Ac- 
count of the Habits of the Birds of the United States* They 
amount to five in number ; and were published at Edin- 
burgh between the years 1831 and 1839. The entire work 
is characterized by unusual excellence both in science and art. 

An extremely useful and well-concocted work, of less 
ambitious form than the preceding, is the Manual of the 
Ornithology of the United States and of Canada, by 
Thomas Nuttall, F. L. S., in two compact octavo volumes, 
Cambridge and Boston, 1832-34. The author made a 
scientific tour, some years ago, through the great western 
territories, including an extended range of the Rocky 
Mountains, with the design of extending his acquaintance 
with natural science. 

Although we have hitherto confined our bibliographical 
notices chiefly to the works of foreign writers, we have 
done so not in consequence altogether of our own poverty, 
but rather for the more ample information of the English 
reader, who may be supposed to require less assistance in 
regard to British authors. We have scarcely even named 
the British Birds of the unequalled Bewick. We name 
it, and nothing more, believing that every one who de- 
lights to see nature in art, is familiarly acquainted with a 
work which may be keenly relished without any arduous 
study, but which those who study most will best appreciate 
and enjoy. Although the descriptive portion is written with 
accuracy and intelligence, we doubt not it would be ad- 
vantageous to the author^s family, and prove a labour of 
love to one or more of the many skilful Ornithologists of 
the present day, that the plates should be re-arranged in 
conformity with modern views, the supplement incorporat- 
ed, the synonyms increased, and such rational alterations 
or additions effected, as would render it the manual of 
British Ornithology, if not for all time coming, yet for 
many future years. If accompanied by portions of the 
author’s autobiography, so much the better. We regret 
that the latter, so racy and original, should have not yet 
seen the light. The most recent and complete edition of 
Bewick’s Birds is that of 1832. A very beautiful pre- 
face is prefixed to the one published in 1826. 

The most original descriptive works on the birds of Bri- 
tain are Montagu’s Ornithological Dictionary, 2 vols. 
8vo, 1802, and Supplement to the same, 1 vol. 8vo, 1813. 
These were not only excellent works on British bird.^ 
simply as such, but valuable additions to the actual history 
of European species, — the chief merit of many of our other 
publications consisting in their applying the knowledge 
acquired by foreign writers to our indigenous kinds ; 
whereas Montagu rather gave than borrowed, his obser- 
vations being almost entirely original. His volumes are 
now extremely rare in their first form ; but a new edition, 
combining both works in one, was brought out in 1831, 
with notes, by Mr Rennie. 


Dr Fleming, in his History of British Animals, one vol. History, 
octavo, 1828, enumerates and describes the birds of Bri- y-—- 
tain. Of this work, which has been very useful to some 
who say rather too little about it, we should desire to see 
a new edition, remodelled in accordance with the altera- 
tions and additions rendered necessary by the lapse of 
years. It is a publication of great merit. 

The letter-press to Mr Selby’s folio Illusirations of Bri-- 
tish Ornithology (we mean the second edition, in two vols. 

8vo, 1833) forms the best completed work we yet possess 
in accordance with the modern method of arrangement. 

Jointly with Sir William Jardine, Mr Selby has also 
brought out many fasciculi of Illustrations of Ornithology 
(small folio), in which are figured various interesting and 
curious forms of foreign species ; and his well-instructed 
coadjutor was editor (and of several volumes author) of the 
Naturalises Library, in which a due portion is success- 
fully devoted to the history and representation of the 
feathered tribes. Both publications have done much to 
extend the knowledge of natural history. 

One of the most valuable and carefully constructed 
works with which we are acquainted is the Sy sterna AvU 
um of Dr Wagler, pars prima, Stuttgard, 1827. It con- 
sists of a series of monographs, not in systematic order, 
but including several extensive and difficult genera, such as 
Pious, Columba, &c. The author unfortunately died not 
long ago, in consequence of a gun-shot wound accidentally 
inflicted by himself while sporting, and the non-comple- 
tion of his work may be regarded as a great loss to Orni- 
thologists. Various additional though detached portions 
of it, however, may be found in the Isis, a German perio- 
dical published at Frankfort Wagler is also the au- 
thor of a valuable descriptive summary of the parrot 
tribe, under the title of Monographia Psittacorum, one 
vol. 4to, Munch en, 1835. Our best previous treatise on 
that gorgeous family was published by the lamented Kuhl, 
in the Nova Acta of Bonn, vol. x. Of illustrated works on 
the subject, we have already mentioned that of Vaillant ; 
and the English reader need scarcely be reminded of the 
extreme beauty of Mr Lear’s more recent Illustrations of 
the Psittaddee, in one vol. royal folio. 

A considerable flock of ornithological authors has re- 
cently appeared above the horizon, to enlighten, however, 
rather than obscure our vision. We shall name a few. 

Outlines of the Smaller British Birds, by R. A. Slaney, 

Esq. 12mo, 1833. 

Familiar History of Birds, by the Rev. Edward Stan- 
ley, 2 vols. 12mo, 1835. 

Manual of British Vertebrate Animals, by the Rev* 

Leonard Jenyns, 1 vol. 8vo, 1835. 

Feathered Tribes of the British Islands, by Robert Mu- 
die, 2 vols, Svo, 1836. 

History of the rarer British Birds, intended as a sup- 
plement to Bewick, by T. C. Eyton, Esq. 1836. 

Of these, and other contemporary writers, the reader 
will find more ample notice in Mr Neville Wood’s Orm- 
ihohgisis Text-Book of 1836. 

The following works relate particularly to the more mu- 
sical of the feathered tribes : Harmonia Ruralis, or Natu^ 
ral History of British Song Birds, by James Bolton, folio, 

1794 ; — British Warblers, by Robert Sweet, F. L. S. Svo, 

1823-32; — Treatise on British Song Birds, by Patrick 
Syme, Esq. Svo, 1823; — British Songsters, by Neville 
Wood, Esq. Svo, 1837; — Cage Birds, their Natural His- 
tory, Management, &c. (translated from the German), by 
J. M. Bechstein, 12mo, 1837. 

The late Mr Yarrell commenced his excellent History of 
British Birds in 1837, illustrated by a woodcut of each spe- 
cies, and numerous vignettes. The illustrations are for the 
most part remarkably accurate as ornithological represen- 
tations, and of extreme beauty in a pictorial point of view. 
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Structure. The thirty-seventh part, completing the work, and forming 
three handsome volumes, was published in 1843. In the se- 
cond edition of 1845, the author, besides other additions, 
published a supplement containing an account of^ the spe- 
cies obtained since the publication of the first edition. 

Last in our list, though the reverse of lowest in our es- 
timation, stand Dr Macgillivray’s characteristic volumes 
the jRapaeious Birds of Great Britain (1836), and the 
History of British Birds, Indigenous and Migratory (vol. 
1st, 1837). In regard to these two works, readers may pro- 
bably differ in their appreciation of some insulated passages, 
critical or otherwise, not essential to the exposition of the 
subject in hand; but we think all must agree that they are 
written in a clear, vigorous, and original manner, and de- 
void of that vapid spirit of compilation which pervades the 
labours of so many of the ingenious author’s predecessors 
and contemporaries,^ 

We shall not here enter into any detailed exposition of 
the internal structure of birds. Our space would not ad- 
mit of our doing so in a manner likely either to satisfy our- 
selves or to instruct our readers. The subject is of too 
great importance to be superficially treated, and a deeper 
scientific examination is not to be looked for here. We 
regret to say, there is much reason to accuse the naturalist 
of confining his attention to the external characters of liv- 
ing beings, which, though important portions of, the ani- 
mal economy, are nevertheless only portions, though too 
often looked upon as all in all. It is no , reason for ne- 
glecting the internal structure, that a knowledge of such 
structure is not required to comprehend the modern sys- 
tems. This, we must admit, is true ; but the systems are 
thereby so much the more defective. An assured anato- 
mical basis will never cause confusion or contrariety in 
any good arrangement formed on the groundwork of ex- 
ternal characters ; for the best of these are sure to conform 
themselves with all the important modifications of internal 
structure, while the sooner a bad arrangement is under- 
mined the better. At the same time, that Zootomist would 
know little of the practical importance of external forms 
who should hot endeavour to connect these with his de- 
monstration of more recondite characters. In truth, how- 
ever desirable it may be to know the whole of the animal 
structure, whether external or internal, we must in rela- 
tion to museum specimens and to zoological collections in 
general, necessarily have recourse to superficial, or at least 
external characters, because none other are visible, or in- 
deed exist, in the subjects of natural history as usually 
preserved ; and we should debar a vast multitude from a 
most delightful study of graceful forms and gorgeous plum- 
age, if we could learn nothing important of beast or bird 
without prying into all the hidden vronders of its interior. 
Whatever progress comparative anatomy may in future 
make, we trust the Zootomist will ever bear in mind that 
the establishment of good external characters is a matter 
of the highest and most indispensable importance to the 
present state and future progress , of natural history, of 
which the practical pursuit will ever mainly depend upon 
the class of characters iii question. As we cannot here 
enter into the anatomical departiJnent of our subject, we 
shall give, in the subjoined note, the names of a few works 
likely to interest and instruct the reader.^ A few para- 
graphs will suffice for all we have ourselves to say, before 
entering .upon our systematic portion. 

The bill, composed of the upper and under mandible, 
varies almost infinitely in its form in the different genera, 
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in the determination and construction of which it affords Structure, 
characters of the highest importance. As its modifications 
will be specially alluded to in our notices of the minor 
groups, and are moreover accurately represented in the 
plates which accompany the present treatise, we need not 
here fatigue the reader by an unnecessary enumeration, 

A portion at the base of the upper mandible, usually con- 
taining the nostrils, and sometimes covered with hairs or 
feathers, sometimes partially or entirely bare, is called the 
cere» It is very obvious in most birds of prey, but imper- 
ceptible in many other species. When we expand the 
mandibles, we of course perceive the opening to the ali- 
mentary canal or digestive organs, which usually consist 
of the following portions. 

Tlht pharynx follows immediately after the cavity of the 
mouth. It leads into the oesophagus or gullet, which in 
many species swells into what is called the crop, by some 
regarded as the first stomach. This is followed by a se- 
cond enlargement, produced, however, rather by a thick- 
ening of the coats than by any increase of capacity within, 
named the proventriculus. It contains numerous glandular 
sacs interposed between its muscular and mucous coats, 
which secrete a gastric juice to aid the process ,of di- 
gestion. This proventriculus leads to the gizzard or true 
stomach, by some regarded as the third stomachic expan- 
sion. Here the function of digestion is completed. The 
entrance from the stomach to the small intestine is named 
the pylorus, of which the structure is frequently valvular. 

The first fold of the small intestine is named the duode- 
num, and after receiving the pancreatic and biliary ducts, 
it forms various convolutions, and terminates in the rec- 
tum or large intestine. The ececa are usually placed at the 
Commencement of the latter j its termination is named the 
cloaca^ 

These parts, it will be borne in mind, are variously mo- 
dified in the different tribes. In some the expansion called 
the crop is wanting, or not to be distinguished from the 
other upper portions of the oesophagus ; and the powerful 
muscles which constitute the peculiar strength of the giz- 
zard in granivorous birds are very feeble in the carnivo- 
rous and fish-devouring kinds. In some the intestine is 
long and narrow, in others short and wide, while the caeca 
exhibit a corresponding range, being in certain kinds ex- 
tremely long, in others merely rudimentary. 

Birds are remarkable for the energy of their respiratory 
functions. Although their lungs are rather small, they 
are perforated in such a way as to communicate with mem- 
branous cells distributed through various parts of the body, 
and even communicating with the interior of the bones, so 
that the atmospheric air not only comes in contact with 
the pulmonary vessels, but with a great proportion of the 
circulating system. Thus birds have been said to respire 
by the branches of the aorta, as well as by those of the 
pulmonary artery. It is thus that the most rapid exercise 
of the faculty of flight impairs not their power of breath- 
ing ; and the best-trained hunter that ever bounded re- 
joicingly over the fences of Leicestershire is far sooner 
blown than a field sparrow. 

The trachea or wind-pipe is composed of bony rings. 

The upper larynx is of comparatively simple structure, 
and of less importance than among the mammiferous class; 
but farther down, and close upon the bifurcation of the 
trachea, is the lower larynx, the true organ of the voice in 
birds. The vast bulk of air contained in the interior cells 
no doubt contributes to the strength of their vocal powers, 
while the muscles of the inferior portion of the larynx, and 


^ For tl^e more recent publications on Ornithology, see the end of the present article, 

* Cuvier’s Legom Comjparie; Carus’s Introduction to Comparative Anatomy ^ translated from the German by Mr Gore 

(there is a better and more recent French edition of this work) ; Meckel’s Traiti GAniral Anatomic Comparee ; Grant’s OulUnes qf 
Comparative Anatomy ; Mr Owen’s article Aves, in Todd’s Cyclqpcedia of Anatomy <md BhynoJogy; and the Introduction to Maccillivra^'* 
JSUtoryofBri&9hBiTd4,yo\.i. . ^ r ^ ^ a b 
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jStructure. the length, diversified form, and varied movements of that 
organ, bestow upon it a great facility of modulation. 

The anterior limbs of birds, corresponding to the fore 
legs of quadrupeds, have been converted into wings for the 
purposes of that aerial locomotion commonly called flight. 
It is true that some birds cannot fly, that is, leave not the 
surface of the earth ; but these are exceptions to the ge- 
neral rule, and even among such exceptions the great ma- 
jority use their wings as a propelling power, whether cours- 
ing amid dry and barren deserts, or submerged beneath 
the waves. The bony portions of the wings consist of the 
humerus^ the cuUtus^ the carpal and metacarpal bones, 
and fingers. We shall briefly describe these parts in so far 
as they are connected with the imposition of the plumage, 
and consequently with the external characters of the 
feathered race. The reader, if he so inclines, may here 
consult Plate III., figures 3 and 4. The humerus or arm 
bone (c) is joined to the body by means of a part of its 
own upper surface, which articulates with a correspond- 
ing cavity between the coracoid bone (h) and the scapula 
or shoulder-blade («). It is directed backwards in repose, 
and in a position more or less parallel with the spine. The 
other extremity of the humerus articulates with lihQcuUtus 
or fore-arm, which is composed of the bones called the 
ulna (d) and radius (e), and is so jointed as to fold when 
at rest in a direction parallel to that of the arm. The car- 
pus consists of two small bones (//) placed between the 
outer extremity of the cubitus and the metacarpus. The 
latter (fi) usually consists of two bones united at both ends. 
From the anterior edge of the portion next the carpus, 
there projects a small bone, considered as analogous to the 
first digit or thumb, poUex (h) ; to the extremity of the 
outer portion of the metacarpus are usually attached two 
other digital bones (i j) \ and to the extremity of its inner 
portion is frequently appended a smaller bone of corre- 
sponding nature. These are the fingers of birds. 

Now, the connection of plumageWith the preceding 
parts is as follows. Here consult Plate III., figures 1, 2, 
and 5. The small elongated tuft of stiffish feathers which 
clothe the upper exterior margin of a bird's wing, in- 
creasing in size downwards, pointing towards the base of 
the outer primaries, and commonly called the alula, or spu- 
rious wing (see S. W. in figs. 1, 2, and 5), springs from the 
portion we have called the thumb. The primaries or 
greater quill-feathers of the wings, that is, the ten outer- 
most feathers, and which constitute the more or less pointed 
terminal portion (see figs. 1, 1 to 10, and figs. 2 and 5, at P. 
P.), spring from the digital and metacarpal bones. The 
secondaries, or lesser quill-feathers (figs. 1, 1 to 6, and figs. 2 
and 5, at S. S.), which, when the wing is closed, usually 
cover a portion of the primaries, take their origin from the 
cubitus or fore-arm ; while a third series, inconspicuous in 
most birds, though very obvious in others, and named the 
tertial^ or tertiary feathers (fig. 2, T. T.), are derived fi:om 
the humerus or arm bone. Above these, and lying over 
that portion of the wing which joins the body (or, as it were, 
between the wing and back), are the scapulars (fig. 2, Sc.), 
usually of an elongated form, and often distinguished from 
the surrounding plumage by a difPerence of tint or mark- 
ing. Lastly, various ranges of feathers which clothe the 
upper portion of the wings from the carpal joint backwards, 
covering the base of the primary and secondary quills, and 
spreading across from the spurious wing to the scapulars, 
are named thevnngccyverts, and are distinguished, accord- 
ing to their position, as the smaller coverts (figs. 1 and 2, 
at Sm. C.), which clothe the upper portion of the wing; 
the secondary coverts (figs 1 and 2, at S. C.), which pro- 


tect the base of the secondaries ; and the primary coverts, Structure# 
(figs. 1 and 2, at P. C.), which perform that office to the'^''*"V^ 
primaries. The feathers which clothe the under surface 
of the wings are named the under coverts of those parts ; 
and the terms upper and under tail-coverts signify the 
feathers which cover the base of the tail, above or below. 

But we need scarcely occupy our pages with the numerous 
particulars which might be brought forward, and which 
occupy so prominent a space in many ornithological vo- 
lumes. The terms in most cases explain themselves. 

When we speak of the crest of a bird, we of course mean 
to indicate the feathers on its head ; and the upper, central, 
or lower portions of the back, can be respectively nothing 
more nor less than one or other of these portions. When 
we mention the point of the bill, we literally mean the 
point, and there is no word in the English nor in any other 
language which can express it more clearly. Neither do we 
think it necessary, in an English work, to give a corre- 
sponding Latin phrase for every term we use, more espe- 
cially as many of these terms cannot be correctly Latinized, 
and in fact have never occurred at all in any books in that 
language. Their confinement, therefore, in a circumflex- 
ual prison, amid the unembarrassed freedom of the English 
tongue, is a sad and cruel mockery of things attempted 
yet in prose or rhyme and we believe is but seldom prac- 
tised by those who got through Ruddiman respectably in 
early life. We therefore deem it worse than useless to 
present an endless catalogue of terms in Ornithology, fol- 
lowed by explanations more obscure and ambiguous than 
the technicalities themselves ; but shall rather endeavour 
either altogether to avoid unknown tongues, or, by the 
context, to render our meaning obvious to each capacity.^ 

Those minute discriminations, so often insisted on, are 
in truth but seldom necessary in the description of a bird’s 
external aspect, especially of its feathered portions, be- 
cause large spaces of the plumage have frequently an 
identical character both in texture and colour. Thus, 
if the entire head is either black, white, brown, or any 
other single colour, it would be a waste of words to de- 
scribe it in any other way than simply as being of that 
colour; that is, it would be unnecessary to say that the 
frontal, vertical, occipital, auricular, and ocular fbathers of 
the head were coloured after such a fashion ; but if one 
colour prevails over another, and yet is traversed, or in 
any way varied by other colours, the precise region, 
whether frontal or occipital, in which the variation hap- 
pens should be stated. We would almost say, that our 
nomenclature of the parts themselves depends to some ex- 
tent on thts distribution of the colours. Thus, of birds with 
a black abdomen and a scarlet breast, we can easily con- 
ceive, that even of the same species two individuals may 
so considerably differ in the proportional extent of the 
supposed colours, that the black in one instance shall en- 
croach upon what corresponds to the scarlet of the other, 
or vice versa ;\>Mt still the phrases “abdomen black, breast 
scarlet,’’ would suffice for both, though not proportionally 
the same in each. The fact is, that many of the special 
regions of a bird are by no means precisely marked, or at 
least are seldom seen to be so, unless we strip it of its 
plumage, — an untoward act, however, for one who desires 
to stuff or otherwise preserve its skin ; and therefore some 
latitude must be allowed in .our expression of the external 
parts. 

The next portion to be briefly described is the leg or hin- 
der limb. This is divisible into the femur, tibia, tarsus, 
and toes. (See Plate IIL, fig. 3.) 

The femur, or thigh-bone {It), is cylindrical, somewhat 


1 A very ample and interesting account of the diversified form of bills, feet, and feathers, will be found in Mr Swainson’a Naiurdl 
History and ClatsjficatioH of Birds, voh x., illustrated by numerous wood-cuts from the elegant pencil ogthe author. 
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Structure curved, usually very short, and always so concealed with- 

the body as not to be apparent as an external portion 
of the limb. The next division is the leg or tihia (m), 
frequently but erroneously called the thigh, probably 
from its being the uppermost apparent portion. It is 
usually covered with feathers, though sometimes bare on 
its lower portion. Then follows the tarsus (w), that long, 
slender, exposed portion, so conspicuous in almost all the 
species, varying considerably among accipitrine birds, ra- 
ther short in web-footed water-fowl, and greatly length- 
ened in the majority of shore-birds or waders. ^ Its upper 
knobby portion, where it articulates with the tibia, is the 
true heel, although generally in colloquial, and not sel- 
dom in descriptive language, termed the knee. The pro- 
minences of its lower extremity articulate with the toss. 
The latter parts usually amount to four ; the hind toe, how- 
ever, is wanting in many species, and the ostrich is general- 
ly supposed to have only two toes, although Dr Riley has 
demonstrated the existence in that bird also of a rudimen- 
tary inner toe. The hind toe is by some regarded as the 
first, the inner as the second, the middle as the third, and 
the outer as the fourth toe ; and in this order there is a 
progressive increase in the number of the joints of which 
each is composed, — the first having two, the second three, 
the third four, and the fourth five bones. The surface 
of the tarsus, toes, and sometimes of the base of the tibia 
when that part is exposed, is covered either with plated or 
reticulated scales, of various forms in different species ; 
and the tarsus is moreover often armed with one or more 
spurs, — ^which, however, belong to the cutaneous rather 
than the osseous system. A general notion of the latter, 
as it exists in the class of birds, may be acquired by an 
inspection of the skeleton of the golden eagle just referred 
to (Plate III., fig. 3). We shall here add nothing more 
upon the subject. 

The position, and therefore to a certain extent the na- 
ture, of many modern genera, of which we are unable 
from want of space to give the characters, will be seen in 
the tabular views with which we terminate the present 
treatise. A considerable discordance still prevails in re- 
gard to the nature and amount of the generic groups in 
Ornithology, — some writers advocating a numerous sub- 
division, and consequent restriction, of characters ; while 
others adhere, perhaps too tenaciously, to old associa- 
tions, which naturally tend to the augmentation of spe- 
cies, in other words, to the extension rather than the in- 
crease of genera. The former plan is rendered neces- 
sary to a great extent by the vast additions which have 
been made to our knowledge of groups and of typical spe- 
cies within the present century, and might be deemed 
advisable among the larger genera even as a mere matter 
of convenience ; — its abuse in the hands of unskilful or in- 
experienced persons being of course no legitimate argu- 
ment against it. There is, however, a great deal that is 
arbitrary and unsettled in whatever principle may be sup- 
posed to guide the modern naturalist in the formation of 
his generic groups. The simplicity and ease of applica- 
tion which characterised the former artificial systems have 
been lost in their attempted demolition, while the recon- 
structions now arising (in spite of the abundant though 
not always acknowledged appropriation of some useful old 
materials) are not yet so complete and commodious as to 
afford the same accommodation to the benighted student. 
Order will no doubt some day spring from chaos, and even 
already, amid the darkness of the upheaving waters, are 
many sunny spots of terra firma towards which we fondly 
steer, “ well pleased that now our sea should find a shore.” 
Naturalists, however, need by no means quarrel with each 
other, as if there was a certain good to gain, or some great 
physical truth to be established. “ All the great business 
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of genera and species,” says Locke, amounts to no more Genera, 
but this, that men make abstract ideas, and, setting them 
in their minds with names annexed to them, do thereby 
enable themselves to consider things, and discourse of 
them, as it were in bundles, for the easier and readier im- 
provement and communication of their knowledge, which 
would advance but slowly were their words and thoughts 
confined only to particulars.'' “ The reason," he says 
again, why I take so particular notice of this is, that we 
may not be mistaken about genera and species, and their 
essences, as if they were things regularly and constantly 
made by nature, and had a real existence in things,— when 
they appear upon a more wary survey to be nothing else 
but an artifice of the understanding, for the easier signi- 
fying such collections of ideas, as it should often have oc- 
casion to communicate by one general term, under which 
divers particulars, as far forth as they agreed to that ab- 
stract idea, might be comprehended." 

The following observations by Mr Vigors may be intro- 
duced with propriety in this place, as according closely 
with our own views on the subject of generic divisions, 

“ But though nature nowhere exhibits an absolute divi- 
sion between her various groups, she yet displays suffi- 
ciently distinctive characters to enable us to arrange them 
into conterminous assemblages, and to retain each assem- 
blage, at least in idea, separate from the rest. It is not, 
however, at the point of junction between it and its ad- 
joining groups that I look for the distinctive character. 

There, as M. Temminck justly observes, it is not to be 
found. It is at that central point which is most remote 
from the ideal point of junction on each side, and where 
the characteristic peculiarities of the groups, gradually 
unfolding themselves, appear in their full development ; it 
is at that spot, in short, where the typical character is 
most conspicuous, that I fix my exclusive attention. Upon 
these typical eminences I plant those banners of distinc- 
tion, round which corresponding species may congregate 
as they more or less approach the types of each. In 
my pursuit of nature, I am accustomed to look upon the 
great series in which her productions insensibly pass into 
each other, with similar feelings to those with which I 
contemplate some of those beautiful pieces of natural 
scenery, where the grounds swell out in a diversified in- 
terchange of valley and elevation. Here, although I can 
detect no breach in that undulating outline over which the 
eye delights to glide without interruption, I can still give 
a separate existence in idea to every elevation before me, 
and assign it a separate name- It is upon the points of 
eminence in each that I fix my attention, and it is these 
points I compare together, regardless, in my divisions, of 
the lower grounds which imperceptibly meet at the base. 

Thus also it is that I fix upon the typical eminences that 
rise most conspicuously above that continued outline in 
which nature disposes her living groups- These afford me 
sufficient prominency of character for my ideal divisions ; 
for ideal they must be, where nature shows none. And 
thus it is that I can conceive my groups to be at once 
separate and united ; separate at their typical elevations, 
but united at their basal extremes. 

It is difficult to convey, in terms sufficiently explicit, 
an accurate definition of abstract notions like the present. 

We may see the subject clearly ourselves, but not be able 
to communicate it by words sufficiently intelligible, unless 
to those who may happen to view it in the same light as 
ourselves. I shall therefore take a familiar illustration, 
which comes home to the feelings of every man, and where 
it will be immediately apparent that strongly marked di- 
visional groups may be kept apart from each other in our 
conceptions, although we can recognise no absolute boun- 
dary lines by which we can say they are separated. 

“ Let us t^e, for instance, that period of time which m- 



ORNITHOLOGY. 


737 


Eaptores- volves the annual revolution of the earth round the sun, 
and let us divide it into the usual departments which we 
call seasons. Every man can picture to his own mind the 
decided characters by which these divisions of the year are 
parted from each other ; he can mark out by definite dis- 
tinctions those striking periods where the year bursts forth 
into bud, where it opens into flower, where it ripens into 
fruit, and where it lapses into decay. He can ascertain 
the nature of the impressions which each season forces 
upon his own feelings, he can communicate such sensa- 
tions to others, and he can embody those natural periods, 
of whose separate existence he feels conscious, into sepa- 
rate and well- characterised divisions, to which he can re- 
fer, without fear of being misunderstood, under the distinct 
appellations of spring or summer, of autumn or of winter. 
But can he at the same time point out the actual limits of 
these natural departments of the year ? Can he fix, for 
instance, in that intervening interchange of season, where 
the rigour of winter silently and imperceptibly relaxes into 
the tnildness of spring, — can he fix, I say, upon the exact 
period when the former terminates, and the latter begins? 
Can he assert at one moment t*hat he is within the pre- 
cincts of one season, and that, even while he speaks, he 
has passed into the confines of the other. He may, it is 
true, assign artificial limits to each department, and may 
calculate with mathematical precision the months, the 
days, the hours, of which it consists. He may even as- 
si‘in reasons for his arbitrary divisions, and prove their pro- 
bable approximation to the regular interchange of nature. 
And this is precisely as far as the Zoologist can go. But 
this is all that is in his power. He never can feel or assert 
that the character of one season is lost at one particular 
moment, and gives place to the character of that which 
succeeds. Here, then, we have four decided divisions, per- 
fectly distinct in themselves, yet to which we are unable 
to affix the limits. So it is with the groups of Zoology. 
They exhibit separate divisions, distinguished by separate* 
characters, but running into each other without any as- 
signable limits ; and any man may draw his imaginary 
line across that * border country,' that ‘ land debateable/ 
winch stretches between the conterminous regions, accord- 
ing as it suits his fancy or his peculiar views, or as it may 
accord with the greater or less preponderance of those 
minor landmarks which serve as an inferior mode of de- 
marcation in the absence of all natural boundaries.”^ 

We shall now proceed with our proposed exposition of 
the various orders. 

Order I.—RAPTORES, OR BIRDS OF PREY.* 

Raptorial birds, under which term we include the tribes 
usually known by the general names of vultures, eagles, 
hawks, buzzards, kites, and owls, are distinguished by a 
strong, sharp-edged, acutely-pointed bill, more or less 
curved, but always hooked at the extremity of the upper 
mandible, which is covered at the base by the membrane 
called the cere. The nostrils are usually open. The legs, 
with few exceptions, are plumed as far as the top of the 
tarsus ; the latter part itself is usually bare, but is entirely 
covered with feathers in most of the nocturnal kinds, and 
partially so in several of the diurnal. The toes are always 
four in number, very free in their movements, the outer 
sometimes versatile ; and the whole, with rare exceptions, 
are furnished with strong, sharp, curved, prehensile claws. 

All raptorial birds feed on animal substances, — the ma- 
jority on living prey. Representing in their own class the 


ferine species among quadrupeds, they subdue their weak- Raptores. 
er brethren by force more frequently than guile ; and if ^ 
not more tyrannical than tigers, they at least exercise a 
more extended sway, for the fields, the woods,, and waters, 
the barren mountains, and resounding shore, are all alike 
subjected to their fierce control. Their power of flight is 
remarkable forks surpassing strength and long endurance. 

They occur in some form or other under every clime, and 
their external aspect varies greatly, both in size and shape, 
from the ponderous eagle and condor of long extended 
wing, to the finch-falcon of Bengal, which is scarcely 
larger than a sparrow. But, generally speaking, raptorial 
birds are of considerable bulk, as might be anticipated 
from the necessity under which they lie of subduing an 
active and not always unresisting prey. Their forms, how- 
ever, are often graceful, tlieir actions energetic, their eyes 
bold and bright, and their plumage beautifully varied ; — 
but they are more remarkable for chaste and subdued co- 
louring, for sober shades of intermingled black and brown* 
than for those brilliant or gorgeous hues which characterise 
so many of the feathered tribes. 

Thek dispositions naturally fierce or unaccommodating, 
if not contentious, their ravening appetites, and dangerous 
weapons, induce them but seldom to associate with each 
other. We shall not here describe them, after the manner 
of many authors, as gloomy and mistrustful, — for what 
cause has an eagle, rejoicing in his strength, and winging 
his way from distant isles o'er waters glittering with re- 
dundant life, or hovering on the side of some majestic 
mountain, of which the purple heath is one wide store- 
house of the best of game, — what cause has he for gloom ? 

Or why should he mistrust, whose sail-broad vans might 
almost carry him across the vast Atlantic, or assuredly in 
a few brief hours transport him from bis bold but barren 
eyrie, to richer pastures, reverberating with the varied 
voices of defenceless flocks ? We believe there is nothing 
mournful or disconsolate in beings which pursue the un- 
fettered exercise of natural instinct. Such fearful attri- 
butes are but reflections from the melancholy mind of man 
(whose morbid reason often casts a gloom across the bright- 
est sun), but cloud not in reality the face of nature. Birds 
of prey, however, are not gregarious, — although, “ where 
the carcass is, there will the eagles be gathered together.” 

For eagles we presume to read vultures, the scavengers ot 
the raptorial order, which in sultry regions are highly use- 
ful in clearing all decaying oiFal from the earth. With 
these exceptions, the others may be said to dwell in single 
pairs, — at times in solitude. They build their rude but 
sufficing nests amid precipitous rocks, on ancient ruins, 
and occasionally among forest trees, while a few take up 
their station on the ground. They seldom lay more than 
four eggs, and many only rear a pair of young. These are 
at first extremely helpless, and covered for a time with 
down. The females, in the generality of species, are con- 
siderably larger than the males. The plumage of the 
sexes often differs greatly, and in such cases the offspring 
for one or more seasons resembles the mother. 

The voice in the raptorial order is almost always harsh and 
unmusical, sometimes more plaintive in the booting kinds, 
complaining by night from ivy-mantled tower or ancient 
tree ; and only one species, a hawk from Africa, has 
been ever said to sing. The uses to the human race of 
birds of prey are not remarkable. The scavengers above 
alluded to are beneficial in their way, but the same can 
scarcely be alleged of such as carry off our lambs or poul- 
try ; and we are not aware that either their flesh or fea- 
thers are of much avail. More might have been said of 
certain members of the order, had not the practice of 
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Baptores* falconry, with other chivalrous uses, been about to pass 
away. 

SECT. 1. — DIURNAL BIRDS OP PREY. 

Cere usually naked, or partly covered by setaceous fea- 
thers. Nostrils open. Eyes of medium size, lateral. 
Head rather small, and elongated ; face not surrounded by 
a completed disk of projecting feathers, as in owls. Ster- 
num strong and solid. Stomach membranous. Intes- 
tines not greatly extended. Caeca short. Toes naked. 

Of this section Linnaeus and the other naturalists formed 
only two genera, Vultwr and Fahoy which some regard as 
forming two large families, subdivided into numerous mi- 
nor groups. There is, upon the whole, a well-marked 
character, or at least a strong physiognomical distinction, 
between the Vuliuridce and Falconida ; but this is more 
easily seen than expressed, or, when expressed, is often 
erroneously so. Thus a strong alleged distinction is the 
nearly naked head of the former ; but the lammer-geyer 
((t. harhatvs) has that part as densely plumed as any 
eagle. However, the nails are generally blunt, and the 
feet comparatively feeble. 


rugose surface. It is widely spread over the continent Baptores. 
of Africa, Several other species are found in the warmer 
regions of the old world. 

Genus Sarcoramphus, Dumeril.- Bill thick, straight 


from the base, but strongly curved at the extremity, the 
margin of the upper mandible having a somewhat sinuous 
or S-like outline. Nostrils longitudinal and oblong. 
Head and neck bare, wattled, surmounted by a fleshy 


crest. 


This genus is confned to America, and consists of three 
species, the famous condor of the Andes (N. condor), the 
king-vulture (5. papa), and the Californian vulture (5. 
cal^ornianust). The condor inhabits the loftiest of the 
Andes, and in its aerial flights is supposed to attain to 
a station far above that of every other living creature. 
According to Humboldt, it soars to an elevation nearly 
six times greater than that at which clouds are usually 
suspended in the sky. At the vast height of almost six 
perpendicular miles, the condor is seen majestically sail- 
ing through the ethereal space, watchfully surveying the 
airy depth in quest of his accustomed prey. When im- 
pelled by hunger, he descends to the nearest plains which 
border on the Cordilleras ; but his sojourn there is brief, 
as he seems instinctively to prefer the desolate and lofty 
mountains. The barometer amid such aerial haunts at- 


FAMILY I.-.VULTURIDAS.* 

The birds of this family are of large size and gluttonous 
habits. They prefer animal substances in a state of de- 
composition to living prey, and are frequently gregarious. 
The bill is never notched, and the feet and claws are more 
feeble and less curved than among the Falconid®, Though 
indolent, especially after meal time, they are distinguished 
by'great powers of flight. Their bodies in repose assume 
a more or less horizontal position. Their flesh is disgust- 
ing as an article of food, but their down has been occasion- 
ally made use of for domestic purposes. 

Genus Vultur, Cuv. Bill large and strong, compress- 
ed, straight at the base, convex and rounded at the 
point. Nostrils naked, rounded, obliquely pierced. Head 
and neck bare of ordinary feathers, but covered by a short 
down. A collar of long soft feathers at the base of the neck. 

^ The true vultures, as now restricted, belong to the an- 
cient world. Their flight, though slow, is powerful and 
long sustained. They frequently rise, by repeated gyra- 
tions, to a great height in the air, and descend in a simi- 
lar manner. They assemble in troops, and feed for the 
most part on carcasses ; yet the Dalmatian shepherds are 
said to dread their inroads among their sheep and lambs. 
They build among inaccessible rocks, and feed their young 
by emptying the unsavoury contents of their own crops. 
It does not appear that they can transfix or carry off their 
prey by means of their talons, as do hawks and eagles. 

We have two^ species in Europe, the cinereous vulture 
{V, cinereuSy Linn,, Plate IV., flgure 1), called arrian 
on the Pyrenees, and the griffon ox fulvous vulture (F. 
ftdvuSy Linn.) Both birds occur in Spain and the 
Tyrol, but are scarcely ever seen in Switzerland, and are 
rare in Germany, The nidifl cation of the cinereous vul- 
ture is still unknown. It probably never breeds in Eu- 
rope, but rather in the mountainous countries of Asia, 
where it is known to occur abundantly. The fulvous vul- 
ture is more courageous than the preceding, and more 
inclined to seize on living prey. It is common in the 
neighbourhood of Gibraltar, abounds in Dalmatia during 
winter, and has been observed to breed in Sardinia on 
lofty trees. It lays two eggs, of a greenish white, with a 


tains only to the height of sixteen inches. These rocky 
eyries (of which the plain is elevated about 15,000 feet 
above the level of the sea) are known vernacularly by the 
name of condor nests. There, perched in dreary solitude, 
on the crests of scattered peaks, at the very verge of the 
region of perpetual snow, these dark gigantic birds are 
seen silently reposing like melancholy spectres. Hardly 
an instance is known of their assaulting even an infant, 
though many credulous travellers have given accounts of 
their killing young persons of ten or twelve years of age.^ 
The history of the condor, like that of its Patagonian 
neighbours of the human race, has in fact been much ob- 
scured by exaggeration. An inspection of its feet and 
claws suffices to show that it is not gifted with great 
prehensile power, and could scarcely carry off the most 
ill-conditioned child, though not seldom accused of such 
evil practices. Condamine informs us that he has often 
seen condors hovering over flocks of sheep, some of which 
they “ would have carried away, had they not been 
scared by the shepherds and this vague supposition is 
stated as a ffct in their natural history I It is a bird of 
powerful wing, but of vulturine habits, feeding much on 
dead animal matter, but not unfrequently joining together 
in the attack of cattle, especially of such as are in any way 
enfeebled. Although the usual station of the condor is 
mountainous, it often descends, as we have said, to feed 
among the plains and valleys ; and a female, now in the 
French museum, was found at sea, sitting on the dead 
body of a floating whale. It breeds amid the inaccessible 
peaks of the Andes, making no nest, but depositing its 
eggs upon the arid rock. It is a large bird, of from three 
to four feet in length, with an extent of wing very various- 
ly stated, but probably sometimes reaching from ten to 
twelve feet. The female is of a much browner hue, and 
wants the caruncles. She is less in size than the male, 
an unusual circumstance in this order, although we sus- 
pect that the greater bulk of that sex is a feature chiefly 
characteristic of the hawks and eagles. 

*‘In riding along the plain,” says Sir Francis Head, I 
passed a dead horse, about which were forty or fifty con- 
dors ; many of them were gorged and unable to fly ; se- 
veral were standing on the ground devouring the carcass ; 


nal, n“ tU ’^**'‘* “ ilivisible, the reader may consult a paper by Mr Vigors in the Zoological Jour. 

* Vultwr, Lion. Cuv. ; CatharU*, lUiger, Temm. a NutlaU’s Manual ofOmiAotogg, i. p. 36 . 
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Eaptores. the rest hovering above it. I rode within twenty yards of 
them ; one of the largest of the birds was standing with 
one foot on the ground, and the other on the horse^s 
body ; display of muscular strength as he lifted the flesh, 
and tore off great pieces, sometimes shaking his head and 
pulling with his beak, and sometimes pushing with his leg. 
Got to Mendoza, and went to bed. Wakened by one of 
my party who arrived ; he told me, that seeing the con- 
dors hovering in the air, and knowing that several of them 
would be gorged,^ he had also ridden up to the dead 
horse, and that as one of these enormous birds flew about 
fifty yards off, and was unable to go any farther, he rode 
up to him ; and then, jumping off his horse, seized him by 
the neck. The contest was extraordinary, and the ren- 
contre unexpected. No two animals can well be imagin- 
ed less likely to meet than a Cornish miner and a condor, 
and few could have calculated, a year ago, when the one 
was hovering high above the snowy pinnacles of the Cor- 
dillera, and the other many fathoms beneath the surface 
of the ground in Cornwall, that they would ever meet to 
wrestle and ‘ hug' upon the wide desert plain of Villa- 
Vicencia. My companion said he had never had such a 
battle in his life ; that he put his knee upon the bird's 
breast, and tried with all his strength to twist his neck ; 
but that the condor, objecting to this, struggled violently, 
and that also, as several others were flying over his head, 
he expected they would attack him. He said, that at last 
he succeeded in killing his antagonist, and with great pride 
he showed me the large feathers from his wings; but 
when the third horseman came in, he told us he had found 
the condor in the path, but not quite dead.”^ 

The king- vulture (S. papa^ Plate IV., figure 3) 
is a much more gaily adorned species, the fleshy por- 
tions of its head and neck being red, orange, and purple. 
The upper parts of the plumage are of a pale reddish- white 
or clay colour, the collar at the base of the neck is bluish- 
gray, the quill-feathers and tail black (the former with 
paler edgings), and the under parts of the body white. 
This beautiful bird is found in America, from the 30th 
degree of north latitude, to about the 32d in the southern 
hemisphere ; that is, it occurs in Mexico, Paraguay, Gui- 
ana, Brazil, and Peru ; but most abundantly beneath the 
torrid zone. According to Azara, it makes its nest in 
hollow trees, and lays two eggs. It is supposed to derive 
its name from its habit of driving off the common vultures 
of America, called turkey buzzards, from their prey. The 
female king-vulture is of somewhat smaller size than the 
male. The ruff, and all the upper parts of her plumage, 
are brownish black, and her bill is destitute of caruncles. 

Genus Cathartes, Illiger. Bill much more slender 
than in the preceding genera ; the upper mandible inflat- 
ed above the nostrils, encroaching as it were upon the 
forehead, curved at the point, the margins nearly straight ; 
the under mandible slender, slightly inflated, and obtuse 
at the terminal portion. Cere extended. Nostrils broad, 
quadrangular, longitudinal, very open. Head and neck 
naked, without caruncles. Tongue fleshy, fringed. Tarsi 
naked, rather feeble ; claws short, curved, blunt. Tail- 
feathers twelve. 

This genus, as now restricted, is likewise confined to 
America. It consists of two species, the common turkey 
buzzard ( so called in the United States), C. aura, Plate 
IV., fig. 2, and the carrion-crow (of the same country), 
C. atrattcs. The former is abundant both in North 


and South America, and extends, in the central districts Raptorea. 
of the fur-countries, as far north as the fl^th degree. It' 
is partially migratory, even in the middle states, retiring 
southwards on the approach of winter. A few remain 
throughout the year in Maryland, Delaware, and New 
Jersey ; but none are known to breed in any of the Atlantic 
States to the north of the one last named. In the interior, 
however, they reach a much higher latitude during their 
summer migrations, probably owing to the greater heat of 
that season in the inland districts. A few make their ap- 
pearance on the banks of the Saskatchewan when the 
month of June is far advanced, and after all the other 
summer birds have arrived and settled in their leafy ar- 
bours. Though gregarious in more southern countries, 
where they fly and feed in flocks, towards their northern 
linoits seldom more than a pair are seen together. They 
feed on carrion, which they discover at a great distance, 
it is now said, by the sense of sight alone. They some- 
times eat with such gluttonous voracity as to be unable to 
rise from the ground. They have been accused of at- 
tacking pigs, beginning the assault by picking out their 
eyes. But Mr Waterton, during his residence in Deme- 
rara, could not ascertain that they destroyed even living 
reptiles. He killed lizards and frogs and placed them in 
their way, but they took no notice of them till they began 
to emit a putrid effluvia. He differs from Mr Audubon 
in his ideas regarding the relative superiority in these 
birds of the organs of sight and smell. The one thinks 
the e^es have it, the other the nose^ The- turkey buzzard 
hatches her eggs in some swampy solitude, on a truncat- 
ed hollow tree or excavated stump or log, laying them on 
the rotten wood. This species roosts at night on trees, 
but more seldom than the other kind in flocks. In winter 
they sometimes pass the night in numbers on the roofs of 
houses in the suburbs of the southern cities, probably in- 
duced to do so by the warmth which emanates from the 
chimneys. On fine clear days, even in the winter season, 
they amuse themselves by soaring majestically into the 
air, rising rapidly in large gyrations ; and ascending be- 
yond the thinnest fleecy clouds, they almost disappear 
from mortal view. In South America they will sometimes 
accompany the condor in his loftiest flights, rising, all 
fetid though they be, above the region of the purest Alps ; 
and thus exhibiting an emblem of the mind of man, so 
often sunk in Epicurus’ sty, yet for a time so raised by 
god-like genius, as not seldom to perceive “ far off the 
crystal battlements of heaven.’’ 

The other species of this genus is the black vulture, or 
carrion-crow of the United States, C» atratus. It is rather 
less than the preceding, measuring about twenty-six inch- 
es in length, the general colour of the plumage dull black, 
with a dark cream-coloured spot on the primaries. It is 
more impatient of cold, and prevails chiefly about the 
larger maritime cities of South Carolina, Georgia, and Flo- 
rida. They seem, from Mr Douglas’s account, to proceed 
further north on the western side of the Rocky Mountains. 

Although they rise at times to a considerable elevation, 
their flight is less easy and graceful than that of the tur- 
key buzzard. They are much more familiar, and in 
Charleston and Savannah may be seen walking the streets 
as demurely as domestic fowl. They sometimes become 
individually known ; and a veteran with only one leg was 
observed to visit the shambles, and claim the bounty of a 
gentle butcher, for upwards of twenty years. 


1 The manner in which the Guachos catch these birds is to kill a horse and skin him ; and they say that although not a con- 
dor is to be seen, the smell instantly attracts them. When I was at one of the mines in Chili, I idly mentioned to a person that I 
should like to have a condor : some days afterwards a Guacho arrived at Santiago from this person with three large ones. They had 
all been caught in this manner, and had been hung over a horse ; two had died of galloping, but the other was alive. I gave the 
Guacho a dollar, who immediately left me to consider what I could do with three such enormous birds.” 

* Rough Notes across the Pampas, 
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Sav. Cathartest DUg. Permopte- ceived it from the snow-capped ranges of the Himalaya Raptores. 
TUS. »^UV. jjiii luiiii, slender, rounded, inflated at the Mountains. -v—- 

curvature of the upper mandible, which is much hooked The bird described by Bruce under the tiUe of 

1 or Father Long- Beard, l» certainly identical With 


Genus Neophron, 
rus^ Cuv. Bill long, 


at the extremity. Nostrils median, oval, longitudinal, 
open. Cere covering two thirds of the bill. Face, cheeks, 
and throat naked, also a space extending down the middle 
of the neck. Tongue oblong, linear. Tail of fourteen 
feathers. 

These birds are inhabitants of the ancient world. They 
are less powerful than the true vultures, and of smaller 
size, but are still more useful in their scavengerial func- 
tions, their love of putrid flesh, and of all impurities, be- 
ing insatiable. The rachamach of Bruce, or gingi vul- 
ture of Sonnerat {Neophron percnoplerus^ Sav.), affords a 
characteristic example. (See Plate IV., figure 4.) It is 
equal in size to a raven, the throat and cheeks na- 
ked, the feathers of the head and back of the neck long, 
narrow, and pointed. The plumage of the male is white, 
except the quill-feathers, which are black; that of the fe- 
male and young is brown. This species has been described 
under a great variety of names. It occurs in several parts 
of Europe, more especially in Spain, Italy, and the Island 
of Elba. It is likewise widely distributed over Africa, 
where it is known to tlie Hottentots by the name of hou- 
goop. It was held in great respect by the ancient Egyp- 


the lammer-geyer, although we have been sometimes puz- 
zled to reconcile the comparatively feeble feet of the beau- 
tiful series submitted to our examination by Professor 
Jameson, with the meat-bearing prowess of the Abyssinian 
instance. On the loftiest summit of the mountain of La- 
mallon, while the traveller's servants were refreshing them- 
selves after the fatigues of a toilbome ascent, and enjoying 
the pleasures of a delightful climate and a good dinner of 
goat^s flesh, a lammer-geyer suddenly made his appearance 
among them. A great shout, or rather cry of distress, 
attracted the attention of Bruce, who, while walking to- 
wards the bird, saw it deliberately put its foot into a pan 
containing a huge piece of meat prepared for boiling. 
Finding the temperature, however, somewhat higher than 
it was accustomed to among the pure gushing springs of 
that rocky and romantic region, it suddenly withdrew, but 
immediately afterwards settled upon two large pieces which 
lay upon a wooden platter, and transfixing them with its 
talons, carried them off. It then disappeared over the edge 
of a “ steep Tarpeian rock,*' down which criminals were 

^ ^ ^ sometimes thrown, and whose mangled remains may be 

tians, and is frequently represented on the monuments of supposed to have first induced the bird to select the spot 
that mysterious people. It is said to follow caravans as a place of sojourn. The traveller, in expectation of an- 


through the desert, for the sake of devouring every dead 
or unclean thing. We. may add, that it has occurred once 
or twice in England. 

Genus Gxpaetos, Storr. Bill strong, straight, curved 
at the point, and somewhat inflated at the curvature. 

Cere basal, . covered by strong bristly feathers pointing 
forwards. Nostrils oblique, oval, concealed by bristles. 

Tongue thick, fleshy, bifid. Head feathered. A tuft of 
bristly or hair-hke feathers beneath the bill. Tarsi short, 
thick, feathered. Tail-feathers twelve. 

This genus contains only a single species, the cele- 
brated lammer-geyer, or bearded vulture of the Alps (G. 
harhatus). (See Plate IV,, figure d.) It is one of the 
largest, or at least the longest-winged, of all the Eu- 
ropean birds of prey, haunting the highest mountains, and 
preying on Iambs, goats, chamois, marmots, &c. Its 
strength and prowess are probably exaggerated, for al- 
though its powers of wing are undoubtedly great, its legs 
and talons are proportionally more feeble than those of 
eagles and falcons. It is said not unfrequently to secure 
its alpine prey by descj^ding upon it suddenly with rush- 
ing wing, and driving it over a precipice, devouring the 
shattered limbs at leisure. It builds among inaccessible 
precipices, and lays two eggs. It is now one of the rarest 
of the birds of Europe, though formerly not uncommon 
among the mountains of Tyxol, Switzerland, and Germany. 

The peasant sportsmen of the last century often killed 
them, and one, Andreas Burner by name, is quoted by M. 

Michahelles as having shot sixty-five with his own hand. 

Though a bird of rare occurrence, the bearded vulture is 
very extensively distributed. In Eiurope it haunts the 
steeps of the Pyrenean Mountains, ^nd the central Alps 
from Piedmont to Dalmatia; itis described by MM. Larey 

and Savigny as occurring in Egypt, and by Bruce as an cere; and by curved retractile pointed talons. The head 
mhabitant of Abyssinia; it has .been received both from is never bare of feathers, as in most of the preceding fa- 
Northern Africa and the Cape of Good Hope, by M- Tem* mily, and the eye-brows are usually bony and projecting, 
minck ; in Asia it is known to cast its cloud-like shadow The geographical distribution of the Falconidse, consi- 
over the vast steppes of the^ Siberian deserts ; while not dered in their generality, is universal, one or more species 
many years nave elapsed since Professor Jameson re- being found in all known countries from Spitzbergen to 


other visit, immediately prepared his arms, and it was not 
long before the gigantic creature re-appeared. 

As when a vulture on Imaus bred. 

Whose snowy ridge the roving Tartar bounds, 

Dislodging from a region scarce of prey, 

To gorge the flesh of lambs or yeanling kids 
On hills where flocks are fed, flies towards the springs 
Of Ganges or Hydaspes, Indian streams ; 

But on his way lights on the barren plains 

Of Sericana, where Chineses drive 

With sails and wind their cany waggons light ! — 

So landed with far-stretched fanning pinions our lammer- 
geyer, within ten yards of bis expected savoury mess, 
but also within an equal distance of Bruce's practised 
rifle, which instantly sent a ball through its ponderous 
body, and the magnificent bird sunk down upon the grass, 
with scarce a flutter of its outspread wings. 

We may here close our brief notice of the first great 
family of the raptorial order, merely remarking fartiier, 
that the species last alluded to, though not so regarded by 
any of our systematic writers, appears to us to bear a great 
resemblance to the kites. 


FAMILY II.-FALCONIDiE. 

This extensive family corresponds to the ancient unre- 
stricted genus Falcoy now greatly subdivided by modern 
naturalists, but not yet very satisfactorily arranged.^ It 
contains* a vast assemblage of eagles, hawks, buzzards, 
kites, &o., all characterized by a more or less curved bill, 
of which the upper mandible is strongly hooked ; by ob- 
vious or open nostrils, pierced in an almost always naked 
cere; and by curved retractile pointed talons. 


did not exceed thirty-two different kinds, amounts, in the last edition of Dr 
300 'Pecies, even although many of Lathams names arc redumble 
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Raptores. New Holland, and several particular kinds having a very 
wide range, not only longitudinally across the whole tem- 
perate and northern parts of Europe, Asia, Africa, and 
America, but latitudinally through almost every clime. 
Most of them are, to a certain extent, migratory in their 
habits, although their movements are by no means so re- 
gularly periodical as are those of more laborious wing. In 
fact, the birds of this family, surpassing all others both in 
the duration and rapidity of their flight, are scarcely amen- 
able to those natural laws which, in so many instances, ap- 
pear to regulate or restrict the location of other tribes ; 
and hence we find, that if a mural precipice, an insulated 
crag, the mouldering wall of a ruined castle, or the tor- 
tuous branch of some ancient and umbrageous forest tree, 
has been successfully sought for in spring as a secure re- 
treat for the purposes of nidifi cation and the rearing of 
their young, the other seasons of the year are usually spent 
in a life of wandering rapine. When we consider the facts 
which have been recorded of the flight both of hawks and 
pigeons, the migratory movements of birds in general be- 
come much less a subject of wonder (excepting always the 
beautiful instinct by which they are directed), than they 
w'ould at first appear. It is well known that a falcon be- 
longing to Henry II. of France, which had been carried to 
Fontainebleau, made its escape, and was retaken next day 
in the island of Malta, where it was recognised by the 
rings on its legs. According to Colonel Montagu, it must 
have flown with a velocity equal to fifty-seven miles an 
hour, supposing it to have been on wing the whole time. 
‘‘ But as such birds never fly by night, and allowing the 
day to have been at the longest, or containing eighteen 
hours of light, this would make seventy-five miles an hour. 
It is probable, however, that it neither had so many hours 
of light in the twenty-four to perform the journey, nor 
that it was retaken the moment of its arrival ; so that we 
may fairly conclude that much less time was occupied in 
performing that distant flight.” Another falcon having 
been sent from the Canary Islands to the Duke of Lermos, 
then in Andalusia, was found in Teneriffe sixteen hours 
after it had taken its flight from Spain. In regard to this 
instance the calculation is more simple, and less likely to 
prove erroneous, because, supposing the bird to have fol- 
lowed anything like a ’direct course, its flight from the 
coast of Andalusia to its native island would lie through- 
out over the waters of the ocean, and must therefore have 
been continuous. Now the distance being not less than 
752 miles, that space divided by sixteen, the number of 
hours employed would give an average of forty-seven miles 
an hour for the whole course. At this rate, if a falcon 
were to leave the rock of Gibraltar on a Monday morning, 
it might enjoy eight hours repose, and yet reach Edin- 
burgh Castle in the course of Tuesday forenoon. Pigeons 
have been shot in the far-inland forests of America with 
their stomachs full of fresh rice, which, to have resisted 
the digestive process, must have been swallowed not many 
hours preceding, but could not have been obtained within 
eight hundred miles of the place where they were killed.^ 
It thus appears probable, that the most extended migra- 
tory movement which any species is required to perform, 
may in the greater number of cases be accomplished in a 
couple of days, — more frequently in the course of a few 
hours. 

The numerous species by which this great family is con- 
stituted, though rarely adorned by those brilliant colours 
which characterize so many of the gentler tribes, are per- 
haps of all the feathered race the most remarkable for 
beauty of form and elegance of proportion. Their eyes 


are usually large and lustrdus ; their limbs, even when Raptores. 
light, very strong and muscular, and armed with formi- 
dable claws with which they pounce their prey. Their 
general aspect (especially that of the true falcons), when 
compared with other birds, is well expressed by the word 
noble; and a single glance suffices to show that a combi- 
nation of fierceness, energy, and courage, must form their 
predominating character. Like most other animals, how- 
ever, whether human or brute, they are by no means in- 
sensible to kindness ; and their instinctive sagacitj', when 
directed by the skill and perseverance of man, has for ages 
been rendered subservient to his amusement in the sports 
of the field. But the princely art of falconry, whether 
from the progress of agriculture, the consequent minuter 
subdivision of land, and the increase of inconvenient bar- 
riers by the fencing of enclosed grounds, — or the tastes of 
men of rank and fortune having follovred in another di- 
rection, has now almost entirely fallen into disuse. The 
species most generally trained for the purpose in this coun- 
try appears to have been the peregrine falcon, but many 
other kinds are used in eastern regions ; and even pon- 
derous eagles are sometimes made subservient to the hu- 
man wall. Few things indeed more strongly illustrate the 
subduing influence of reason over instinct, than that a 
coarse illiterate groom, by tossing up a shapeless lure, should 
thus entice a proud rejoicing falcon from his airy height, 
and render him so submissively obedient as to forsake his 
soaring flight, and all his bright survey of field and river, 
and close contentedly his yet unwearied wings, to perch 
for hours upon a brawny arm, his lustrous eye encapped in 
■velvet hood, and limbs “by Jessies bound.” 

We must be very brief in our indications of the minor 
groups j and of several subgenera, as they are called, we 
can do nothing more than give the names. We do not here 
adopt the division of noble and ignoble birds of prey, which 
we deem a distinction without a difference, seeing that some 
of the long-winged hawks are difficult to train, while seve- 
ral of the short-winged kinds are made with ease submis- 
sive to the human race. 

The genus Daptrius of Vieillot (Caracara^ Cuv.) is 
formed by the Faho aterrimus of Temm. (P/. CoL 37 and 
342). The cheeks and front of the throat are bare of fea- 
thers. The cere is haired. The adult plumage of the species 
named is black, with a white band spotted with black at 
the base of the tail ; the bare portion of the face is flesh- 
coloured, the cere and legs yellow, the bill lead-coloured. 

The total length is about fifteen inches. It occurs in Gui- 
ana and Brazil Its habits are unkinwn. 

The genus Ibycter of the same mthotlVaracara^ Cuv.) 
has the cere smooth, and the upper part\of the neck, as 
well as the cheeks, bare of feathers. Thej stomach is also 
bare and prominent. The tarsi are short, strong, and re- 
ticulated. We believe there is only a single species of 
this genus also, the Ih. lencogaster of Vieillot (^Gal. pi. 6), 
or Falco foimosus of Latham. Its bill is feeble, and but 
slightly hooked, and its habits offer a corresponding non- 
conformity with the usual manners of the raptorial order. 

It is of a mild and peaceable nature, living, it is said, chief- 
ly on fruits and seeds, with the addition of a few insects, 
such as ants and locusts. It builds on trees, and utters 
from time to time a harsh discordant cry. It inhabits 
Guiana and Brazil, and, exhibiting some of the habits of 
the toucans, is called by the negroes the capitaine desgros 
bees. 

The genus Cabaca-ra, Cuv. (Polyhorus, Yieil.), has 
the face only partially naked. The C. Braziliensis 
(Plate IV., figure 6) is extremely common in Paraguay. 


, ^ Geese are also known to have been shot in Newfoundland with their crops full of maiz?, a species of com which does not grow 
but at an immense distance flom that island. 
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Baptores. It lives in pairs, flies rapidlj^, and preys on birds and small 
y quadrupeds, as well as on insects and reptiles. The fe- 
male is said to build upon the ground when in the pampas, 
and on trees when located in wooded countries. This ac- 
commodating habit is known to prevail among many other 
birds. 

The three preceding genera, which some regard as form- 
ing theirz&e ofCaracaras, are all native to the new world, 
and may be said to form a link with the vultures, both in 
regard to the bareness of the face, and their alleged ten- 
dency to prey on carrion. 

We now proceed to the tribe of eagks^ of which the 
bill is very robust, comparatively straight at its basal and 
middle portion, and suddenly curved at the extremity. It 
includes the species most celebrated for their strength and 
courage. Their strong limbs, curved talons, and broad ex- 
pansive wings, enable them to carry off well-grown lambs, 
and other bulky prey. They are therefore dreaded by 
shepherds and such pastoral people, as robbers of the first 
rank, and a high premium is placed upon their heads ac- 
cordingly. 

In the genus Aquila properly so called, the bill is 
shorter than the head, straight, curved at the tip, the edge 
of the upper mandible with a slight festoon ; the nostrils 
are oblong and oblique ; the cere haired ; the tarsi short, 
and covered with feathers. The well-known golden eagle 
(il. chrys<Btos) affords a characteristic example. This fine 
British species is widely spread over Europe and America. 
In our own country it builds on the ledges of mountain 
precipices— on the Continent its nest is frequently found 
in forests; for example, in that of Fontainebleau. It is com- 
mon in the northern and central parts of Europe, but rarer 
in the south. It is, however well known in Italy. We 
have seen it sailing over the deep basin of the vale of 
D'Uomo d'Ossola, and high above the highest snowy peaks 
which glitter around the majestic passes of the Simplon. 
In America it breeds among the subalpine districts which 
skirt the Rocky Mountains, being seldom seen farther east- 
ward. It is regarded by the aborigines as an emblem of 
strength and courage, and the Indian warrior as well as the 
highland chieftain glories in his eagle plume. These birds 
sometimes soar to a vast height, but they seem to do so 
rather as a kind of sporting exercise, than with a view to 
search for prey. When employed in hunting, they keep 
far nearer the earth, sweeping up the valleys, and sldrting 
the sides of heath-covered mountains. The golden eagle 
is becoming rarer in Scotland every year. Many ancient 
eyries are pointed out to travellers by gray-baired shep- 
herds, where the bird itself is now no longer known, and in 
no lengthened period we may expect its extirpation. Se- 
veral other kinds of feather- footed eagles are known to 
naturalists, such as the Aquila imperialis, a common Egyp- 
tian species, not unfrequent in the eastern countries of Eu- 
rope, — and the Aquila Bonelliy a recent acquisition, native 
to the mountains of Sardinia, and no doubt inhabiting other 
alpine lands. Aquila fucosus is a New Holland species, 
very common near Port Jackson, and remarkable for its 
fine wedge-shaped tail. 

In the genus Halijstus, or sea-eagle, the bill is nearly 
as long as the head, and the tarsi are bare of feathers, ex- 
cept at the top. Their habits resemble those of the eagles 
proper, but they prey more on fish, and will feed more rea- 
dily on tainted flesh. Species occur in Europe, Asia, Africa, 
America, and Australia. Our own white-tailed eagle 
alhicillay Plate IV., figure 8) affords a good example. 
“ On observing a person walking near their nests, 


says Mr Macgillivray, ‘‘ they fiy around him at a respect- Baptores. 
ful distance, sailing with outstretched wings, occasionally 
uttering a savage scream of anger, and allowing their legs 
to dangle, with outspread talons, as if to intimidate him. 

I have observed them thus occupied, when on the edge of 
a precipice five hundred feet high, with a very steep slope 
above me, bounded by rocks, and from which I could not 
have made my escape had the birds been resolute. Al- 
though on such occasions they are in general extremely 
cautious, notwithstanding their manifest anxiety for the 
safety of their young, yet I once saw an eagle come within 
an hundred yards, when it was brought down with buck- 
shot by a friend whom I had accompanied to the place.”^ 

The same writer observes, that he has never heard of the 
sea-eagle attacking those employed in robbing its nest; but 
that he has been credibly informed of its having attempt- 
ed to molest individuals whom it chanced to find among 
its native crags, in perilous places. In the Hebrides it is 
itself frequently assailed by the skua-gull ; and we have 
ourselves more than once seen it attacked by the raven. 

In our present group are many other species, such as 
the beautiful Halicetus leucoguster of New Holland, and 
the bald or white-headed eagle of America, H, leucocepha^ 
lus. The latter is often seen sailing through and around 
the gigantic column of spray which rises from that “ hell 
of waters,” the cataract of Niagara. Though a bird of 
powerful wing, he seems to have fallen somehow into lazy 
habits, or at least prefers the produce of others' labours to 
his own. “ Elevated,” says Wilson, on the high, dead 
limb of some gigantic tree, that commands a view of the 
neighbouring shore and ocean, he seems calmly to contem- 
plate the motions of the various feathered tribes that pur- 
sue their busy avocations below,— the snow-white gulls 
slowly winnowing the air, — the busy tringae coursing along 
the sands, — trains of ducks streaming over the surface, — 
silent and watchful cranes intent and wading, — clamorous 
crows, — and all the winged multitudes that subsist by the 
bounty of this vast liquid magazine of nature. High over 
all these hovers one whose action instantly arrests his 
whole attention. By his wide curvature of wing, and sud- 
den suspension in air, he knows him to be the fish-hawk, 
settling over some devoted victim of the deep. His eye 
kindles at the sight, and balancing himself with half-open- 
ed wings upon the branch, he watches the result. Down 
rapid as an arrow from heaven descends the object of his 
attention, the roar of its wings reaching the ear as it dis- 
appears in the deep, making the surges foam around. At 
this moment the eager looks of the eagle are all ardour ; 
and levelling his neck for flight, he sees the fish-hawk once 
more emerge, struggling with his prey, and mounting in 
the air with screams of exultation. These are the signals 
for our hero, who, launching into the air, instantly gives 
chase, and soon gains on the fish-hawk ; each exerts his 
utmost to mount above the other, displaying in these ren- 
contres the most elegant and sublime aerial evolutions. 

The unencumbered eagle rapidly advances, and is just on 
the point of reaching his opponent, when with a sudden 
scream, probably of despair and honest execration, the lat- 
ter drops his fish : — the eagle poising himself for a moment, 
as if to take a more certain aim, descends like a whirlwind, 
snatches it in its grasp ere it reaches the water, and bears 
his ill-gotten booty silently away into the woods.”® When 
forced to hunt for themselves, they often attack young 
pigs, lambs, and sickly sheep. 

In the genus Pandion the bill is much shorter than the 
head; the tarsi are short and naked, covered all round with 


' Rapadout Birds of Britain^ p. 60. 

1001 ^*^^**** vol. i. p. 23. We quote Professor Jameson’s systematic edUdon^ in four small volumes (Constable’s Miscellany^ 

1831). The student of American Ornithology will find some valuable notes by Sir Wiliiam Jardine, in another Bdinburffh edition, 
in three vola. large 8vo, 1832 > a ? 



ORNITHOLOGY. 743 


Eaptor«5. imbricated scales; the claws are large and rounded on the 
under surface, the outer toe very versatile ; and the second 
feather of the wing the longest. Our British osprey, or 
small fishing eagle, is the Pandion halicetus. It breeds in 
the vicinity of many of our northern sea-lochs, often on the 
chimney-top of ruined castles by the shore. It destroys 
a vast quantity of fish, which it secures by thrusting its 
talons through their backs during a sudden momentary 
plunge beneath the waves. It is remarkably abundant in 
North America ; and Wilson observes that it permits the 
purple grakles to build their nests amid the interstices of 
the sticks of which it has framed its own. He adds, that 
it never picks up any fish which it may chance to drop either 
on land or water. We know not if this trait applies to those 
of the old country.’^ We once saw an osprey drop a large 
sea- trout, which it certainly did not attempt to recover; 
but then there happened at the same time to be an excel- 
lent shot, with a double barrel, within a rather dangerous 
distance of the same. The osprey occurs in New Holland, 
and is elsewhere very widely spread. 

The genus CiRCiETUs of Vieillot is in a manner inter- 
mediate between the fishing eagles, the ospreys, and the 
buzzards. We may mention as an example the bird called 
jean-le-hlanc by the French (F. Gallicus^ Gmelin), a com- 
mon continental species. 

In Harpyia, Cuv, the bill is very strong, and com- 
pressed, the upper mandible dilated on the margins, and 
much hooked. The head is crested, the tarsi thick, the 
wings rather short. The harpies are large birds of prey, 
which dwell chiefiy in the forests of Guiana, making their 
nests on trees, and committing great depredations. The larg- 
est is the H, destructor of Daudin (Plate IV., figure 
7), said to be capable of cleaving a man's skull by a 
single blow of its beax. We doubt if any one ever tried. 
However, it carries off young fawns, and sloths of a year 
old. It is a rare bird, lately imported to the Zoological 
Gardens of London, and well exemplified by the specimen 
in the Edinburgh Museum. 

In the genus Morphnus of Cuv. (Spizatus, Vieillot), 
the wings are shorter than the tail, the tarsi are length- 
ened (in some feathered), and the toes feeble. The spe- 
cies are extremely beautiful, and richly varied in their 
markings. They are chiefly found in South America. 
We have figured as an example (see Plate TV., figure 
9) the Morphnus cristatus {F, Guianensis^ Baud.), 
which strongly resembles the great harpy just mentioned 
in its general aspect, but is at once distinguished by its 
smaller size and longer tarsi. We may mention as an in- 
stance of those with plumed tarsi, the Falco cristatellus 
of Temm. PL C<d» 282, which is a native of India and 
Ceylon. 

In Cymindis, Cuv. and Temm. the tip of the upper man- 
dible forms a lengthened curve, with a very acute point- 
The nostrils are obliquely cleft, almost closed ; the cere 
narrow. The tarsi are very short, and reticulated; the 
wings rather long. The species are South American, and 
we know of nothing remarkable in their habits. See Cy^ 
mindis uncinatus^ llliger, PL CoL 103. The extremely 
hook-billed species (C7. hamatus^ PL CoL 61) now forms 
the genus Rostrhamus. Its nostrils are rounded, the 
space before the eye is bare, and the tarsi are scutellated. 
Its habits are unknown. 

Naturalists differ greatly in their distribution of the pre- 
ceding genera. Mr Swainson thinks Circcelus is a sub- 
generic form of Gypogeranm^ and he places Cymindis with 
the Caracaras, and certain other groups, in his sub-family 
Cymindinm or kites, and locates Morphnus {SpizcBtusy 
Vieil.) with the buzzards. 

W’e now proceed to a third tribe, consisting chiefly of 


the sparrow-hawks and goshawks. The bill is curved al- Baptores. 
most from the base, convex, the upper mandible dilated 
on the sides, the lower short and obtuse. The nostrils 
are nearly oval ; the tarsi rather long and slender ; the 
claws broad and sharp. The wings have the fourth fea- 
ther the most extended, and are shorter than the tail. The 
species are numerous, and occur in all parts of the globe. 

The larger, which are also proportionally the more robust, 
with thicker tarsi and shorter wings, have by many Orni- 
thologists been considered as constituting a separate ge- 
nus, to which the name of Astur is applied. That rare 
British bird the goshawk {Astur palumharius) may be 
named as a good example, while the smaller and more 
slender kinds included in the genus Nisus are represent- 
ed by our sparrow-hawk {N. communis, the Falco nism of 
Linn.). The transition from one to the other is however 
very gradual, and some deem their separation unwarrant- 
able. Even the two British species, though usually re- 
garded as the types of their respective sections, do not dif- 
fer so much as to render the propriety of their separation 
very apparent, even were no other species known. They 
are all extremely active, as daring as the true falcons, and 
prey exclusively on living objects, which they seize with 
admirable dexterity. Their flight is generally low, and as 
they pass over the fields or woods, they dart upon their 
prey, whether it be in the air, among branches, or couch- 
ed upon the ground.^ The goshawk, though a short- 
winged species, was formerly held in great estimation for 
the purposes of falconry. It is one of the most generally 
diffused of all the accipitrine birds, but is now very rare 
in Britain. A beautiful white species (Astur albus) is 
found in New Holland. Of the sparrow-hawks we shall 
allude merely to the Nism musicus of Africa, commonly 
called the chanting falcon. It is the only raptorial bird 
in any way gifted with the powers of song ; but we must 
not suppose that its notes at all resemble the harmonious 
tones of the nightingale, or those of even our less accom- 
plished songsters. Its voice is merely a little clearer than 
usual, although it seems impressed with a high idea of its 
own powers, and will sit for half a day perched upon the 
summit of a tall tree, uttering its incessant cry. 

A fourth tribe contains the kites, which are likewise sub- 
divided into several minor groups, all agreeing in their 
comparatively feeble bills and feet, their short tarsi, and 
long extended wings. The tail is forked. They are gifted 
with great powers of flight, but are neither strong nor 
courageous, seldom pounce on heavy game, sometimes 
contrive to prey on fish, and have never the slightest ob- 
jection to chicken s- 

In the genus Milvus of Cuv. is included our common 
kite (M. regalis, Vieil. ; Falco milvus, Linn.). The tarsi 
are scutehated in front, and tolerably strong. This beau- 
tiful bird is rare in many districts of Scotland, and is 
scarcely ever seen in the Lotliians. We have received it 
irom Argyllshire, but do not think it occurs in the West- 
ern Isles. We have often, in the North of England, ad- 
mired its wheeling flight, circling through the air widi no 
perceptible motion of its long expanded wings, and sailing 
over that enchanting land of lakes and mountains, with 
such majestic sweeps as if it were itself “ sole king of 
rocky Cumberland.” The kite is distributed over all Eu- 
rope, but is unknown in America. Other species of the 
genus occur in Asia, Africa, and New Holland. 

In the genus Elanus of Savigny the tarsi are very 
short, reticulated, and half clothed with feathers. The 
wings are long, the tail but slightly forked. It contains 
F, dispar and melanapterus, two species which some re- 
gard as one and the same. They feed on small birds, in- 
sects, and reptiles, and occasionally devour dead animals. 


* Jtajpadous Bhds^ p. 231. 
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■Rantores. If identical, the species must exist in America, Africa 
(occasionally in Europe), and the East Indies. The swal« 
low-tailed kite [M, furcatus) forms the genus Nau- 
CLER0S of Vigors. (See Plate V., figure 1.) The form is 
slender, the tail very long and greatly forked. The spe- 
cies just named is white, with back, wings, and tail black, 
glossed with green and purple. It inhabits America, at 
least as far south as Buenos Ayres, and also passes the 
summer and breeds in the warmer parts of the United 
States. Tempted by the abundance of the fruitful valley 
of the Mississippi, a few are seen to wander as far as the 
Falls of St Antony, in the forty-fourth degree. Audubon 
states, that in calm warm weather they soar to an immense 
height, pursuing the large insects (probably libellulae) 
called musquito hawks, using their tails with an elegance 
peculiar to themselves, and performing the most singular 
evolutions. The Mississippi kite (-F. plumbeus^ Latham) 
constitutes the genus Ictjnia of the modern systems. 
It is of a blackish ash colour, the bead and under parts of 
a much paler ashy hue. Wilson frequently observed this 
hawk in the course of his perambulations, sailing about in 
easy circles, at a considerable height in the air, and gene- 
rally in company with Turkey buzzards, with whose mode 
of flight its own exactly corresponds. It is not easy to say 
why two birds, whose food and manners are in other re- 
spects so different, should so frequently associate in their 
airy gambols. Though the Mississippi kite feeds chiefly 
on reptiles and insects, it is a bold and energetic bird. 
The specimen obtained by Wilson, though wounded, and 
precipitated from a stunning height, exhibited great 
strength, and a most unconquerable spirit. He no sooner 
approached to pick it up, than the bird immediately gave 
battle, striking rapidly with its claws, wheeling round and 
round as it lay, partly on his rump,” and defending itself 
with vigilance and dexterity. Notwithstanding all the 
aggressor’s caution, it struck its hind claw into his hand, 
with such force as to penetrate into the bone. ** Anxious 
to preserve his life, I endeavoured gently to disengage it ; 
but this made him only contract it the more powerfully, 
causing such pain that I had no other alternative but that 
of cutting the sinew of his heel with my penknife.” The 
whole time he lived with Wilson he seemed to watch his 
every movement, erecting the feathers of his head, eyeing 
him with fierceness, and no doubt regarding him (and with 
some show of justice) as the greater savage of the two. 

In tribe we may place the honey-hawks, buzzards, 
and harriers, small groups connected, in a variety of ways, 
by the usual interlacements, with several of the preceding 
tribes. The buzzards, for example, both in form and 
plumage, resemble small eagles, though their bills are more 
curved from the base the harriers in some measure con- 
nect the buzzards with the accipitrine hawks (gen. Nims 
and Astur) ; while the honey-hawks (JPernis) unite the 
buzzards to the kites. The natural affinities of groups are 
in truth so multiplied and complex, that we need scarcely 
wonder that even those who have most devoted them- 
selves to explore such Cretan labyrinths, should have often 
failed in their supposed elucidation; — so much the worse Ibr 
those who have never found the thread. 

In the genus Peknis, Cuvt the lore, or space between 
the bill and eye, is closely covered by small, compact, 
rounded feathers, the nostrils are narrow, and the tarsi 
short, stout, and reticulated. The British bee-hawk ( P. 
apivorus)^ or honey-buzzard as it is usually called, though 
.t cares less for the honey than for those that make it, is 
of this genus. We have no other indigenous, or indeed 


European species; but a beautiful crested kind (P. Raptores. 
cristataf Cuv., Plate V., figure 2) occurs in Java 
and the East Indies. P. Ellioti is also native to the latter 
country. 

In the genus Buteo, Bechstein, the cutting margin of 
the upper mandible is more flexuous or tooth-like, the gape 
wider, and the space between the eye and the cere is co- 
vered by the same setaceous plumage which usually pre- 
vails in that part, the nostrils are rounded, and the tarsi 
scutellated in fronU The buzzards are a numerous genus, 
distributed over most parts of the world. We have only 
two British species, the Lommon buzzard {Buteo vulgaris)y 
and the rough-legged kind (P. lagopus)* The latter is a 
rare or rather accidental visitor, its proper districts being 
the northern parts of Europe and America. We think 
buzzards are most abundant in wooded countries. They 
fly more sluggishly than hawks, and generally rather low, 
but at times they ascend to a great height, sweeping round 
in easy circles, and uttering a frequent shrilly cry. 

In the genus Circus the bill is slender and compressed, 
the cere large, the cheeks encircled by a kind of recurved 
rujGT, and the tarsi long, slender, and scutellated before 
and behind. We have three British species, the moor 
harrier (C*. cBruginostis), the common ringtail or hen-har- 
rier ( C. male, — C. pggargusy female), and Monta- 

gus harrier (C. cineraceus). All these birds roost and 
breed upon the ground, fly low, and frequent mountainous 
or marshy places. They prey upon whatever small-sized 
creatures they can master, whether beast, bird, reptile, or 
insect. The hen-harrier is supposed to occur in almost all 
parts of the world, but the identity of the American and 
European specimens has not been definitely determined. 

We have figured a foreign species as an example in 
Plate V., figure 5, It is the CirciLS palustris of Tem- 
rainck ( C. svperciliosus of some other authors), and a na- 
tive of Brazil. 

We now arrive at the falcons properly so called, or 
those which have been sometimes distinguished by tlie 
appellation of noble birds of prey^ probably on account of 
certain members of the group, such as the peregrine and 
jer-falcon, being held in high esteem as accessaries in the 
sports of the field. We cannot say that we have been led 
to our present arrangement by an impression that it is 
more natural than any other, for we have already left the 
point which would have conducted us more insensibly in- 
to the ensuing nocturnal group of owls ; but we do not 
think it is liable to more grave objections than are many 
others. Indeed the circular or recurrent nature of the 
actual affinities of natural groups renders their true expo- 
sition, so far as any consecutive system is concerned, im- 
possible ; for, instead of advancing, we must necessarily 
terminate where we began, and therefore either retrace a 
portion of our circle, or break or bend it, before we can 
proceed to another. Without, therefore, desiring the 
reader to suppose that the harriers in any special way 
conduct him to the falcons, we shall give a brief notice of 
the latter. 

The falcons are chiefly distinguished by the strong, 
tooth-like notching ot the bill, which in the preceding 
groups is either entirely absent, or shows itself only in the 
form of a more or less distinct festoon.* The first quill- 
feather is always long, the second longer than the third 
and fourth, so that the wing acquires a sharp or pointed 
form, instead of the rounded outline of the so-called ig- 
noble tribes ; and the points of the wings, when closed, 
usually attain to the end of the tail. 


56jloi*'fn naturalists attempt exceptionless precision in their generalities 5 for, in this very group, the jer.- 

xalcon, m one sense the noblest of all, frequently wants the tooth, and exhibits a bill febtooned like the eagle’s. ^ ^ ^ 
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Raptores. In the restricted genus Falco, then, the bill is short, 
but strong, conical, curved from the base, sharply hooked 
at the extremity, and almost always toothed as well as 
)ointed ; the nostrils are rounded, the cere bare, or mere- 
y encroached upon by the bristly feathers of the lore. 
The tarsi are rather short and strong, and covered with 
scales of somewhat variable form, but usually rounded or 
angular. The wings are long and pointed. We have four 
well-known British species, the peregrine falcon 
grinus)^ the hobby (i^. suhbuteo)^ the merlin {F. asalori)^ 
and the kestril [F, tinnuncuhis). Besides these, we 
may name the jer-falcon [F* islandicus^ Plate V., figure 
4) as an occasional, and the orange-legged hobby {F. 
vespertinus) as an accidental visitor. The jer-falcon, 
in spite of its alleged want of teeth, is one of the bold- 
est and most powerful of the class. This fine species 
seems now confined almost entirely to the most northern 
parts of Europe and America. It is well known in Ice- 
land and Greenland, and was often seen by Dr Richard- 
son during his journeys over the “ barren grounds” of 
North America, where it preys habitually on ptarmigan, 
not, however, despising plovers, ducks, and geese. “ In 
the middle of June,” he observes, “ a pair of these birds 
attacked me as I was climbing in the vicinity of their 
nest, which was built on a lofty precipice on the borders 
of Point Lake, in latitude 65^®. They flew in circles, 
uttering loud and harsh screams, and alternately stooping 
with such velocity that their motion through the air pro- 
duced a loud rushing noise ; they struck their claws with- 
in an inch or two of my head. I endeavoured, by keep- 
ing the barrel of my gun close to my cheek, and sud- 
denly elevating its muzzle when they were in the act of 
striking, to ascertain whether they had the power of in- 
stantaneously changing the direction of their rapid course, 
and found that they invariably rose above the obstacle 
with the quickness of thought, showing equal acuteness of 
vision and power of motion. Although their flight was 
much more rapid, they bore considerable resemblance to 
the snowy owl.*’^ Upon the whole, we think that Great 
Britain and Ireland are just as well quit of such a fierce 
intruder. The Doctor adds, that when the jer-falcon 
pounces down upon a flock of ptarmigan, the latter en- 
deavour to save themselves by diving instantly into the 
loose snow, and making their way beneath it to a consi- 
derable distance. 

A few species, in which the toothing of the upper man- 
dible is double, form the genus Bidens of Spix, syno- 
nymous, we presume, with Harpagus of Vigors. Such are 
F* hidentatiLSi Lath., F* diodon^ I'emm. PL CoL 198. In 
Ierax of Vigors, the upper mandible seems as strongly 
and sharply bidentated as in the preceding, but the under 
one is simply notched, as in the true falcons, and the 
second quill-feather of the wing is the longest. This ge- 
nus includes the beautiful little finch-falcon of Bengal, F* 
ccervlescens, the smallest of the hawk tribe. An elegant 
crested kind from Pondicherry serves as a type to the ge- 
nus Lophotes. 

We shall conclude this section by a brief indication of 
thgt remarkable bird, the secretary, or serpent-eater of 
Southern Africa — the Ggpogeranus serpentarivs of II- 
liger. (See Plate V., figure 9.) Its affinities have been 
in no way satisfactorily illustrated, and each author has hi- 
therto placed it according to his own fancy. Baron Cuvier 
locates it between the buzzards and the owls ; M. Lesson 
makes it a gallinaceous accipiter,” in strange company 
with the horned screamer {Palamedea cristxtta) of Brazil ; 
while Mr Swainson is now satisfied that it is no other than 
“ the rasorial type of the aquiline circle.*' Be this as it 


may, it has a strong, well-curved bill, a crested head, a ttaptorest 
lengthened neck, and long, slender, crane-like legs. It is 
the only one of its genus, and has been designated by a 
variety of names. Some call it the messenger, because it 
runs with great rapidity, which few actual messengers ever 
do ; others name it the secretary, because it has a pen- 
like plume behind its ear, where a secretary's pen should 
never be ; while its frequent title of serpent-eater is pro- 
bably better earned, by its useful habit of devouring those 
dangerous reptiles. Its diet, however, seems to be of a 
rather miscellaneous nature, as Le Vaillant found in the 
stomach of a single specimen twenty-one young tortoises, 
three snakes, and eleven lizards, besides which there was 
a large ball in the stomach, formed entirely of the scales of 
tortoises, the vertebrae of snakes and lizards, the legs of lo- 
custs, and the wing-cases of coleopterous insects. “ In his 
habits,*' says Mr Bennet, “he partly resembles both the eagle 
and the vulture, but differs from them most completely in the 
nature of his prey, and in his mode of attacking it. Like 
the former, he always prefers live flesh to carrion ; but the 
food to which he is most particularly attached consists of 
snakes and other reptiles, for the destruction of which be 
is admirably fitted by his organization. The length of his 
legs not only enables him to pursue these creatures over 
the sandy deserts which he inhabits, with a speed propor- 
tioned to their own, but also places his more vulnerable 
parts in some measure above the risk of their venomous 
bite *, and the imperfect character of his talons, when com- 
pared with those of other rapacious birds, is in complete 
accordance with the fact, that his feet are destined rather 
to Inflict powerful blows than to seize and carry off his 
prey. When he falls upon a serpent, he first attacks it 
with the bony prominences of his wings, with one of which 
he belabours it, while he guards his body by the expan- 
sion of the other. He then seizes it by the tail, and 
mounts with it to a considerable height in the air, from 
which he drops it to the earth, and repeats this process 
until the reptile is either killed or wearied out ; when he 
breaks open its skull by means of his beak, and tears it in 
pieces with the assistance of his claws, or, if not too large, 
swallows it entire. Like the eagles, these^ birds live in 
pairs, and not in flocks ; they build their aiery, if so it may 
be termed, on the loftiest trees, or, where these are want- 
ing, in the most bushy and tufted thickets. They run 
with extreme swiftness, trusting, when pursued, rather to 
their legs than to their wings ; and as they are generally 
met with in the open country, it is with difficulty that 
they can be approached sufficiently near for the sportsman 
to obtain a shot at them. They are natives of the south 
of Africa, and appear to be tolerably numerous in the 
neighbourhood of the Cape, where, it is said, they have 
been tamed to such a degree as to render them useful in- 
mates of the poultry-yard, in which they not only destroy 
the snakes and rats which are too apt to intrude upon 
those precincts, but even contribute to the maintenance of 
peace among its more authentic inhabitants, by interpos- 
ing in their quarrels, and separating the furious combatants 
who disturb it by their brawls.*** 

SECT. II. — NOCTURNAL BIRDS OF PREY* 

The great raptorial division called owls are usually dis- 
tinguished by the comparative largeness of their beads, 
the anterior portion of which is surrounded by a peculiar 
circle of feathers forming a facial collar, to which they 
owe the most marked and peculiar feature of their physi- 
ognomy. The bill is curved almost from the base, where 
it is greatly enveloped by setaceous feathers, which fre- 
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Ra])tores. qucntly cover or conceal the cere and nostrils. The eyes 
are large, and so placed that vision is directed rather for- 
wards than laterally, and are furnished with a nictitating 
membrane. The iarsi, and even the toes, are closely 
covered by short downy or hairy feathers. The outer toe 
is versatile ; the claws extremely sharp. The plumage is 
remarkable for its great softness. The concha of the ear 
is for the most part very large ; and from this we may in- 
fer that the sense of hearing is acute. 

The greater proportion of the species hunt by night, or 
during the sweet but sombre hours of twilight. Their 
flight is light, buoyant, noiseless, and performed by slow 
but regular flapping of the wings. Their food, like that 
of most birds of prey, is various ; but we believe they pre- 
fer mice and similar small quadrupeds, probably because 
the habits of these minute creatures are, like their own, 
nocturnal. Owls are solitary, seldom more than a pair 
being found together, although the woodcock owl (Otus 
brachyotus) is found during autumn in small conjoined fa- 
mily flocks of ten or twelve together ; and tlie Arkansa 
owl of America is likewise in a manner gregarious. “ There 
is something,^’ says Wilson, in the character of the owl 
so recluse, solitary, and mysterious, something so discord- 
ant in the tones of its voice, heard only amid the silence 
and the gloom of night, and in the most lonely and seques- 
tered situations, as to have strongly impressed the minds 
of mankind in general with sensations of awe and abhor- 
rence of the whole tribe. The poets have indulged free- 
ly in this general prejudice ; and in their descriptions and 
delineations of midnight storms, and gloomy scenes of na- 
ture, the owl is generally introduced to heighten the hor- 
ror of the picture.’* 

The systematic arrangement of these nocturnal birds of 
prey is as yet unsatisfactory. The following is a brief 
view of Baron Cuvier's system. 

The genus Otus has two well-marked aigrettes, or 
tufts of feathers, on the front of the head, capable of 
being depressed or raised at pleasure, and the conch of 
the ear extends semicircularly from the beak almost to 
the top of the head, and is furnished in front with a mem- 
branous opercle. Two British species maybe here placed, 
the long-eared or horned owl commonly so called {Strix 
otus)^ and the short-eared owl {Strix brachyotus). The 
genus Ulula consists of species resembling the preceding 
in the bill and auditory opening, but not possessed of ai- 
grettes, Such is the great northern species {S, Laponu 
ca^ Gm.). The genus Strix properly so called has also 
large ear-openings, and wants the aigrettes, but is distin- 
guished by the bill being coinparatively straight at the 
base, and curved towards the extremity. The facial disk 
is strongly marked, the tarsi are feathered, and the toes 
are haired. Example, Strix Jlammea^ our barn or white 
owl. In the genus Sybnium, the facial disk is formed of 
decomposed or unwoven feathers, the collar is also large, 
and the aigrettes wanting, but the toes are feathered. 
(See Plate V., figure 6.) The brown or wood owl of 
Britain {S. aluco and stridula, Linn.) is placed here 
The genus Bubo has the facial disk less marked, the ai- 
grettes conspicuous, and the toes feathered. The great 
eagle owl of Europe {B. maximus, S. bubo, Li.nn.) affords 
a good example. It inhabits the larger forests of Kussia, 
Hungary, Germany, and Switzerland, becoming very rare 
in France, disappeariug altogether in Holland, and visit- 
ing Great Britain as it were by chance. Here also may 
be placed the great horned owl of America, S. Virgi- 
niam (Plate V., figure 8), which occurs in almost 
every quarter of the United States, and spreads into 
the far fur-countries of the north, wherever there is tim- 
ber of sufficient size to serve the purposes of nidification. 


His favourite residence, however, according to Wilson, is Baptores. 
the dark solitudes of deep swamps, covered by a growth 
of gigantic timber, from whence, so soon as evening dark- 
ens, and the human race retire to rest, he sends forth his 
unearthly bootings, startling the way-worn traveller by his 
forest fire, and making night hideous.” Along the moun- 
tainous shores of the Ohio, and amidst the deep forests of 
Indiana, alone, and reposing in the woods, this ghostly 
watchman has frequently warned me of the approach of 
morning, and aroused me by his singular exclamations, 
sometimes sweeping down and around my fire, uttering a 
loud and sudden waugh o ! waugh o ! sufficient to have 
alarmed a whole garrison. He has other nocturnal solos, 
no less melodious, one of which very strikingly resembles 
the half-suppressed screams of a person suffocating or 
throttled, and cannot fail of being exceedingly entertain- 
ing to a lonely benighted traveller in the midst of an In- 
dian wilderness.”^ The genus Noctua consists of species 
in which the tufts or aigrettes are wanting, the concha of 
the ear small, with an ordinary-sized opening. The facial 
disk is likewise small and incomplete. This gives the 
countenance a more hawk-like physiognomy ; and in ac- 
cordance with this expression, we find the habits of the spe- 
cies naturally more diurnal than those of many other owls. 

We here place the northern Harfang, or great snowy owl 
(Strix nycteOf Linn.), one of the most beautiful of the 
group, an occasional visitant of Great Britain, and not 
very unfrequent in the Orkney and Shetland Islands. It 
is a common inhabitant of the arctic regions of both the 
old and new world, from which it migrates on the ap- 
proach of winter, but without passing to the southward of 
the colder portions of the temperate zone. It frequently 
hunts by day ; and indeed if it did not so, what would be- 
come of it in those far northern countries where a ‘‘ sleep- 
less summer of long^ light” knows not for months the re- 
freshing influence or nocturnal darkness ? It preys not only 
on quadrupeds and birds, but frequently strikes its talons 
into fish, and bears them astonished from their moist abode 
into the leafy recesses of the forest. There are few things 
more out of place than a trout on the top a large tree. Its 
own flesh is said to be white and well flavoured ; and when 
in good condition, is eaten both by the native Indians and the 
white residents in the fur-countries. Several of the small- 
er owls are included in the present genus, such as Strix 
passerina, Linn. In the genus Scops (Plate V., figure 
7) the toes are naked, and the head furnished with 
tufts ; and in certain peculiar foreign species of consider- 
able size, the tarsi (a very unusual character) are bare 
and reticulated. These have been formed of late into a 
genus called Ketupa. Example, Strix Ketupa, Horsfield, 

Temm. PL CoL 74?. 

One of the most curious of owls, in its habits, is the 
burrowing species of the new world — Strix eunicularia of 
Bonaparte. Its particular genus has not yet been deter- 
mined. These birds inhabit the burrows of the marmot, 
and consequently dwell in open plains. They seem to enjoy 
even the broadest glare of the noon-day sun, and maybe seen 
flying rapidly along in search of food or pleasure during 
the prevalence of the cheerful light of day. They mani- 
fest but little timidity, allow themselves to be approached 
sufficiently close for shooting, and though some or all may 
soar away, they settle down again at no great distance. If 
further disturbed, they either take a more lengthened 
flight, or descend into their subterranean dwellings, from 
whence they are dislodged with difficulty. When the 
young are only covered with down, they frequently ascend 
the entrance to enjoy the warmth of the mid-day sun ; but 
as soon as they are approached, they quickly retire within 
their burrow. In North America the burrowing owl feeds 
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Insessores. chiefly on insects — ^in the West Indies (if the species are 
identical), on rats and reptiles# 


Order II.— INSESSORES or PERCHING BIRDS.^ 

This is the most numerous order of the class of birds, 
and, as Cuvier has observed, is distinguished chiefly by ne- 
gative characters ; for it embraces all those various groups 
which, sometimes possessing but little in common, are yet 
in themselves neither raptorial, scansorial, grallatorial, na- 
tatorial, nor gallinaceous. At the same time they exhibit 
a general resemblance to each other in structure, and pre- 
sent such gradual transitions from group to group, as to 
render definite subdivisions by no means easy. 

They are said to possess not the violence of birds of 
prey, — meaning thereby our preceding accipitorial order. 
Yet a fly-catcher crushing the body of a slender-limbed and 
delicate gnat, a blackbird pertinaciously dragging a reluc- 
tant worm from its subterranean dwelling, or a sparrow 
with his bill as full of tortuous caterpillars as it can con- 
tain (to say nothing of the butcher-bird, which is said to 
impale his prey alive upon “ the blooming spray^*), is as- 
suredly as raptorial or predaceous as need be well desired. 
Neither can the division of the smaller birds into granivo- 
rous and insectivorous be strictly maintained, though we 
doubt not that the strong, conical billed species eat most 
greedily of seeds and grain, while those of softer and more 
slender bill are chiefly avidous of insect life ; — ^but all pre- 
cise divisions, founded on the 1 Dve of any special diet, must 
be received with reservation, — seeing that almost all passe- 
rine birds feed both themselves and young in spring and 
early summer with what may be correctly called animal 
food (that is, insects and worms), while in autumn and 
throughout the winter season they just as generally (and 
for the best of reasons) have recourse to all manner of 
seeds and grain. The tender-billed birds are certainly 
more dependent on insect food than the others, and it is 
consequently among them that we find the greater propor- 
tion of our migratory species ; for as the increasing chill- 
ness of autumn depopulates the busy world of insect life, 
so our finest songsters (the familiar red-breast forming a 
delightful exception) take then their departiire for other 
climes, not -so much by reason of the immediate influence 
of cold upon themselves, as because they find their accus- 
tomed food becoming daily less abundant. Such of the 
insectivorous tribes as remain with us throughout the year 
assuredly combine the graminivorous diet with their more 
favourite food, just as the hard-billed species sustain them- 
selves during spring and summer by the capture of insects. 
In tropical countries, where the seasons are less strongly 
or differently marked, and the death-like torpidity of our 
northern winters is unknown, this periodical change of food 
may probably either not obtain, or be less perceptible in 
its occurrence ; but as we know that over a great part of 
the globe it is true, that for one portion of the year most 
insect-eating birds feed on seeds, and that for another por- 
tion of the year most seed- eating birds feed on insects, we 
may be permitted to doubt the propriety of rigorously di- 
viding the great body of passerine species into insectivo- 
rous and granivorous sections. We admit that, either 
from the nature of things, or the feebleness of human lan- 
guage, the terms applied to the greater divisions of natural 
history ought not to be construed according to their strict- 
est literal interpretation, as they are frequently of a con- 
ventional character, and have in some cases been substi- 
tuted for numerical signs, as more easily held in remem- 
brance ; but it is nevertheless to be greatly desired, that 


those who are influential in the nomenclature of science Insessores. 
should avoid bestowing appellations which convey an erro- 
neons idea of the objects intended to be expressed. 

The feet of the insessorial order are especially formed 
for perching, the hind toe springing from the same plane 
as the anterior ones, — a structure which gives them great 
power in grasping. Their legs or tarsi are always of mo- 
derate length, and the daws not strongly curved. The 
form of the bill is too various to be generalized ; and the 
same may be said of the length of the wings, of which the 
comparative breadth generally bears relation to the habit 
of life of each particular tribe. The stomach is in the 
form of a muscular gizzard, generally preceded by a greater 
or less expansion in the shape of crop, and there are usu- 
ally two very small caeca. The lower larynx is very com- 
plicated, especially among the various tribes of songsters. 

We must now rest satisfied with these brief and barren 
generalities. “ The great order of Passeres or Insessores of 
authors,” Mr Macgillivray observes, “ is so heterogeneous 
in its composition, that all who have attempted to charac- 
tei'ize it, whether in few or in many words, have utterly fail- 
ed ; for this plain reason, that its various groups are as un- 
like to each other as they are to the Raptores or Rasores, 
and that in fact the only common features which they ex- 
hibit are those of the general organization of birds. A 
hornbill and a humming-bird, a parrot and a wren, a king- 
fisher and a swallow, a starling and a toucan, not to men- 
tion others still more dissimilar, are surely as unlike each 
other as a hawk and a shrike, a pigeon and a plover, or a 
flamingo and a pelican.”^ 

The first principal division of the passerine birds con- 
sists of those genera in which the external toe is united 
to the internal by not more than one or two of the joints, 
and contains the four great tribes of DenUrostres, Fmiros^ 
treSf Conirostres, and Tenuirostres. 

Tribe 1st. — Dentibostres. 

Bill with a marginal notch towards the extremity of the 
upper mandible. 

The dentirostral tribe is composed chiefly of insectivo- 
rous groups, and, according to the modern views, contains 
the following five families, viz. Laniadce^ Merulidm^ Syl- 
viad<By Ampelid<£^ and MusdcapidcB. We do not think the 
general reader, with whose tastes the treatises in our En- 
cyclopaedia are for the most part made to conform, would 
be benefited by our entering into the complexities of these 
circular arrangements, or by an extended exposition of the 
innumerable minor groups of which the families are com- 
posed. We shall therefore here content ourselves by no- 
ticing the principal generic groups which form as it were 
the groundwork on which the more elaborate systems have 
been erected, and with which it is necessary to become 
familiar in their more general and comprehensive form, 
before their minuter subdivisions (to be elsewhere studied) 
can be understood. The genera are chiefly determined 
by the form of the bill, which is strong and compressed 
among the shrikes and thrushes, depressed in the fly- 
catchers, rounded and thickish in the tanagers, slender and 
pointed in the warblers, — but in each and all exhibiting 
different degrees of the typical character, or a tendency to 
transition, which admits of various systematic views. 

Mr Swainson divides the Laniadse or shrikes into five 
sub-families, viz. LaniancBy or true shrikes ; Thamnophili- 
n(Bf or bush-shrikes ; Dicrurina, or drongo shrikes ; Ceble^ 
pt/tince, or caterpillar catchers ; and TyrannincB^ or tyrant 
shrikes ; and ea(± of these contains a great variety of ge- 


PiCiB and Passeres, Linn. 
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Insessores. nera and subgenera. We shall here follow the outlines 
^ of Baron Cuvier’s system, which we shall illustrate by oc- 
casional figures.^ n 1 , 

In the genus Lanius, the bill is of moderate size, but 
strong, somewhat triangular at the base, and laterally com- 
pressed* In the European species (which we call butcher- 
birds) the upper mandible is somewhat arched* Three of 
these {Lan. excubitoTy colurioy and rufus) are natives of 
England, but the first and last are very rare. The food 
of butcher-birds consists chiefly of insects, but they at- 
tack occasionally the smaller kinds of birds and quadru- 
peds* Their mode of flight is irregular, the tail being 
kept in constant agitation. The sexes differ from each 
other in their plumage, and the immature birds bear a 
resemblance to the adult females. In most of the species 
the moult is single, in others double, that is, certain parts 
of the plumage are changed twice a year. Our great ci- 
nereous shrike (Z. excubitor) destroys its larger prey by 
strangulation, and transfixing it after death upon a thorn, 
tears it into smaller parts at leisure. This wise but some- 
what savage instinct seems implanted in the bird to make 
amends for the comparative weakness of its feet and 
claws- This singular process,” says Mr Selby, “ is 
used with all its food. I had the gratification of witness- 
ing this operation of the shrike tipon a hedge accentor 
(A^ modularis) which it had just killed ; and the skin ot 
which, still attached to the thorn, is now in my possession. 
In this instance, after killing the bird, it hovered with 
the .prey in its bill for a short time over the^ hedge, ap- 
parently occupied in selecting a thorn fit for its purpose* 
Upon disturbing it, and advancing to the spot, I found 
the accentor firmly fixed by the tendons of the wing at 
the selected twig. I have met with the remains of a 
mouse in the stomach of a shrike ; and Montagu mentions 
one in which he found a shrew.”^ 

We have figured, in illustration of the genus Lanius, 
the species called fiscal (L, collaris) by Vaillant. (See 
Plate VI., figure i.) When this bird sees a locust, man- 
tis, or small bird, it springs upon it, and immediately im- 
pales it on a thorn, with such dexterity, that the spine 
always passes through the head. It is a bold, vindictive, 
noisy, and even cruel bird, for it seems to kill many more 
victims than it actually requires for food. These are found 
transfixed on many a neighbouring bush and tree, the 
major part often so destroyed by dryness as to be totally 
unfit for food. 

Some foreign species, in which the upper ridge of the 
bill is straight, and the point only curved, form the genus 
Thamnophilus of Vieillot. The Thamnophili inhabit 
chiefly the tropical regions of the new world, but some 
of the species have an extensive range, from Canada as 
iar southwards as Paraguay. In Tham, guttatus of Spix 
the bill is very strong, and the inferior mandible inflated. 
In others it is straight and slender, with its base adorned 
with reversed setaceous feathers.' Such is L. plumaiusy 
an African species, which forms the genus Prionops of 
Vieillot. 

_ In the genus Vanga (Plate VI., figure 3) the bill 
is large, greatly compressed throughout, the point of 
the upper mandible suddenly curved, the under mandible 
bent upwards. Example, Lan» curvirostris, Gmelin. In 
OcYPTERUS, Cuv. the bill is conical, rounded, scarcely 
arched towards the point, the termination very sharp and 
fine, slightly notched. The legs are rather short, and 
jbhe wings long, from which characters the species have 
obtained the name of swallow butcher-birds ; but they are 


as courageous as other shrikes, and do not fear to attack Insessores 
even crows. The species are numerous along the shores 
and islands of the Indian Seas, where they exhibit great 
agility in the capture of their insect prey- Ex. Lan, leu- 
corhynchosy Gm. In Baryta of Cuv, the bill is large, 
conical, straight, round at the base, and encroaching on 
the forehead by a circular notch ; the ridge is rounded, 
the sides compressed, the point curved. The nostrils are 
small and linear. The species of this genus, as well as 
those of Vanga, are by some combined with the crows, 
as part of the conirostral tribe. We may name, as an ex- 
ample, the piping grakle of the older writers ( Coradas tu 
hiceriy Lath.), a native of New Holland, where it is known 
by the name of Jarra-war-nang. It preys on small birds, 
and is said to have a melodioul voice, resembling the tones 
of a flute. The genus Chalyb20Us, Cuv. has the bill re- 
sembling the preceding, but rather thicker at the base, 
and the nostrils are pierced in a broad membranous space. 

(See Plate VL, figure 6.) The species are natives of 
New Guinea, and are remarkable for their beautiful tints 
of burnished steel. C. paradisaus has the feathers on 
the head and neck like frizzled velvet, and was first de- 
scribed by Sonnerat as a bird of paradise, — Par. viridis, 

Gmelin. In Psaris of Cuvier the bill is conical, thick, 
round at the base, but not encroaching on the front, 
slightly compressed, and curved at the extremity. Tlie 
genus is founded on the Cayenne shrike of Latham, La- 
nim CayanuSy Linn.^ It now contains many species, all 
classed by Mr Swainson among the Muscicapidae or fly-, 
catchers. Their habits are said to resemble those of the 
butcher-birds. The genus Grauculus, Cuv. has the bill 
less compressed than in Lanius, the upper ridge sharp, equal- 
ly curved throughout its whole extent, the commissure or 
cutting edges also slightly bent. The hairs which sometimes 
cover the nostrils ally these species to the crows, from 
which they are distinguished by the notching of the bill. 

Their prevailing hues are ash-colour, and they are native . 
to the Indian islands. Cuvier here places the beautiful 
Irena puella of Dr Horsfield, a Javanese species, of a 
fine velvet black, the back splendid ultramarine blue. 

It is ranged by others with the Orioles. To the same ge- 
nus he likewise refers the Papuan and New Guinea crow 
(O. papuensis and Novee Guinea), and the PirolL of Tem- 
minck, of which the male and female differ so remarkably, 
the former being of a glossy blue, the latter greenish. 

This last species forms the genus PtilonorhynchvLS of 
Kuhl , — KiUa of M. Lesson. It is the satin-bird of the co- 
lonists of Port Jackson, a solitary, fearful creature, which 
seldom leaves the cover of the umbrageous woods. The 
Australian natives call it cowry. 

In Bethylus, Cuv., the bill is thick, short, bulged, 
slightly compressed towards the end. Its type is the mag- 
pie-shrike of Latham, L* picatus, an inhabitant of Guiana 
and Brazil. (Plate VL, figure 2.) In Falcunculus the 
bill is much compressed, almost as high as long, the cul- 
men arched. It contains the Lanius frontatus of New 
Holland. The genus Pardalotqs (which M. Lesson 
places with the tit-mice, and Mr Swainson with the mana- 
kins) is likewise constituted by a New Holland species, 
the Pipra punctata of Shaw. The bill is short, obtuse, 
convex, and slightly compressed. 

Ail the preceding genera of the dentirostral tribe are 
supposed by Baron Cuvier to be more or less allied to 
Lanius of Linnaeus. A great diversity of opinion, how- 
ever, exists regarding their natural distribution; and in 
the most recent systems they will be found differently 


' For more minute details, the student may consult Mr Swainson’s “ Inquiry into the Natural Affinities of the Laniadae 
Shrikes,” Zoo2og*/ctfZ Journal, No iii. p. 289. 
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Insessores. and variously disposed, according to the views of eachpar- 
ticular author. 

Many of the genera next ensuing are more allied to the 
fly-catchers, Muscicapidce ; but not a few are classed by 
recent writers among the LaniadtB and Ampelid<B* The 
bill is of medium size, broad at the base, horizontally de- 
pressed, almost straight, generally wider than high, the 
point more or less hooked and notched. The mouth is 
garnished with bristly feathers projecting forwards. Their 
food varies according to their size and strength, — the 
more powerful species seizing occasionally on small turds 
as well as insects, the more feeble being satisfied with the 
latter kind of prey. 

In the genus Tyr ANNUS, Cuv., the bill is straight, length- 
ened, strong, the culmen rounded, the point suddenly 
hooked. (See Plate VI., figure 5.) The species consist 
chiefly of Linnaean fly-catchers, with a few shrikes. They 
are all native to America, and,^ as their name implies, are 
fierce and domineering in their disposition. They will de- 
fend their young against the boldest aggressor, and have 
been seen to drive from their nesting- places even the largest 
birds of prey. As an example, we may here name the 
king-bird, or tyrant fly-catcher, of the new world, jT. m- 
trepidus. This species is one of the most remarkable for 
the boldness and intrepidity which he displays in his at- 
tacks on the strongest of the feathered race. During the 
earlier months of summer, indeed, his life is one continued 
scene of broil and battle. According to Wilson, hawks 
and crows, the bald eagle, and the great black eagle, all 
equally dread an encounter with this dauntless creature, 
who, as soon as he perceives a bird of prey, however power- 
ful, in his neighbourhood, darts into the air, and quickly 
ascending above his supposed enemy, pounces with vio- 
lence upon his back, and continues his attack till his own 
domains have been departed from. He is likewise in some 
measure obnoxious to the human race, on account of his 
love of bees ; for he will take post on a fbnce or garden-tree 
in the vicinity of hives, and make continual sallies on the 
industrious tenants, as they pass to and from their never- 
ceasing labours. His great American biographer, how- 
ever, is of opinion, that whatever prejudice may prevail 
against him for such depredations, he is on the whole 
greatly the friend of man, by destroying multitudes of in- 
sects, whose larvae prey on the produce of the field and 
garden. The tyrant has been immortalised in verse as well 
us prose : 

"Far in the south, where vast Mai*agnon flows, 

And boundless forests unknown wilds enclose, 

Vine-tangled shores and suffocating woods. 

Parch’d up with heat, or drown’d with pouring floods ; 
Where each extreme alternately prevails, 

And nature sad their ravages bewails ; 

Lo ! high in air above those trackless wastes, 

With spring’s return the king-bird hither hastes ; 

Coasts the famed gulf, and from his height explores 
Its thousand streams, its long indented shores, 

Its plains immense, wide opening on the day, 

Its lakes and isles, where feather’d millions play : 

All tempt not him : till gazing ftom on high, 

Columbia’s regions wide below him lie; 

There end his wanderings and his wish to roam, 

There lie his native woods, his fields, his home ; 

Down, circling, he descends from azure heights. 

And on a full-blown sassafras alights. 

Fatigued and silent, for a while he views 
His olLfrequented haunts, and shades recluse ; 

Sees brothers, comrades, every hour arrive,-- 
Hears, humming round, the tenants of the hive ; 

Love &es his breast,— he woos, and soon is blest, 

And in the blooming orchard builds his nest* 


The king-bird migrates in summer at least as far north Insessores. 
as the fifty-seventh parallel. It reaches Carlton House in 
the month of May, and retires southward in September. 

A new species has been of late years discovered on the 
banks of the Saskatchewan, but nothing is yet known of 
its habits. It is described by Mr Swainson under the title 
of Tymnnus borealis. It is considerably smaller than the 
preceding, and may at once be distinguished by its forked 
tail, not tipped with white.^ The other species are nu- 
merous.® 

A still more extensive genus is that named Muscipeta, 

Cuv. The bill is long, much depressed, twice as broad 
as high even at the base, the culmen usually very blunt, 
the margins forming an oval curve, the point feebly 
notched, and the base covered by long, setaceous feathers. 

The general form of the species is feeble compared with 
that of the preceding, and they prey exclusively on in- 
sects. They are extremely beautiful, often adorned by 
crests upon the head, or by gracefully elongated feathers 
in the tail. The majority are native to Africa and India. 

The paradise fly-catcher of Le Vaillant may be named as 
an example. 

In the genus Platyrhynchus of Desm,, the bill is 
short, and still broader and more depressed than in the 
preceding, P, cancromus inhabits Brazil. These birds are 
by some conjoined with ToditSy to which they are assured- 
ly allied. Certain species, of which the feet and legs are 
long and slender, and the tail extremely short, form the 
genus CoNOPHAGA of Vieillot. The fly-catchers properly 
so called, genus Muscicapa, Cuv,, have the beard or bill- 
feathers less extended than in Muscipeta, and the bill itself 
is narrower, the ridge or culmen is distinctly marked, the 
margins straight, the point slightly bent. The species 
are peculiar to the ancient continent, and not more than 
four or five occur in Europe. Of these, two are British, 

Af. grisolof or the spotted fly-catcher, a well-known and 
common species ; and M, luctuosa, or the pied fly-catcher, 
which is very rare. We have seen it on the banks of the 
Eden in Cumberland. Both are birds of passage. The 
species of this genus take their insect prey upon the wing, 
darting upon it at intervals from some favourite twig. 

The males and females differ considerably in their mark- 
ings, especially in spring and summer, although the former 
sex (at least in M, atincoUiSf Temm.) are scarcely to be dis- 
tinguished from the latter throughout the winter season. 

The modifications in the form of the bill in this extensive 
genus have led to the formation, so far as concerns exotic 
species, of a vast number of sectional groups, or sufige- 
iiera, the characters of which we cannot here detail. 

We now arrive, in accordance with Baron Cuvier's sys- 
tem, though not, we fear, by natural transition, at the 
genus Gymnocephalus, of which the beak resembles that 
of Tyrannusy except that the ridge is more arched, and a 
great portion of the face is bare of feathers. (See Plate 
VL, figure 8.) There seems to be only a single species, 
commonly called the bald crow (G, calvm), a bird 
about the size of a rook, of a uniform tobacco-brown colour, 
the feathers of the wings and tail black. It is called oiseau 
mon prere by the Creoles of Cayenne, probably from its 
capucin aspect. Its bald front bestows upon it a very 
singular physiognomy. Vaillant regards the absence of 
feathers on that part as accidental; and he mentions in a 
note,^ that he received a specimen from Cayenne, in which 
the face was plumed. But M. Lesson states that he has 
examined more than twenty specimens, and has always 
found the face unfeathered. 

The genus Cephalopterus, on the contrary (see Plate 


^ See Fauna Boreali-Americam^ part ii* pi.' Ixxxv. 

® Consult Mr Swainson ’s Monography of the Tyran* Shrikes of America,” Journal of the Royal Institution^ No. xl. 
® HUioire des Oiseaux de Paradis^ t. i. p. 109. 
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Inaessores. VI., figure 4), has the front adorned by a very pecu- 
liar tuft of feathers, which, rising upwards, and then 
spreading around and drooping downwards, shades the 
head, as it were, beneath a parasol. Another expanded 
and lengthened set of plumes hangs in an apron-like fashion 
from the breast. The prevailing plumage is deep black, 
the parts first mentioned having a metallic lustre. The 
bill of the only species known {C. ornatus) is robust, the 
mandibles nearly equal, the upper being convex, without 
notch, and scarcely bent at the extremity. This bird was 
brought to Paris, from the Lisbon Collection, by M. Geoff. 
St Hilaire, and was believed to have been sent originally 
from Brazil. As that country, however, has been so much 
explored without the Cephalopterus having ever since been 
met with, it is more likely, M. Temminck thinks, to have 
been obtained in the less-frequented countries of Peru, or 
the coast of Chili. On the other hand, M. Lesson alleges, 
that he was informed by a well-instructed Portuguese, that 
the bird in question came from Goa. It is the Coracina 
cephaloptera of M. Vieillot. We have no doubt it is a South 
American species. 

From these singular birds we proceed to the Cotingas 
or chatterers, genus Ampelis, Linn., a varied and beauti- 
ful family, now partitioned into several minor groups. They 
have all the depressed bill of the fly-catchers in general, 
but it is rather shorter in proportion, broadish, and slightly 
arched. 

Those in -whiGh the bill is the strongest and most point- 
ed, with dilated margins, 4 ire • char aoteri zed by an insecti- 
vorous regime. Tliese «.r.e the piahaus of South America, 
genus Gup/RULA, Vieil. The species fly in troops through 
the forests. Here are placed the Cotinga rouge of Vail- 
lant, or Ampelis phmnicia, also the Ampelis dnerea and 
Muscicapa rvhricollis of Gmelin. In the ordinary Cotin- 
gas (or genus Ampelis properly so called) the bill is more 
feeble, little elevated, deeply cleft. The species inhabit 
moist places, and are remarkable for the rich and lustrous 
plumage of the males during the breeding season. We 
here place the Ampelis pompadoura^ carnifex, and cotinga^ 
Linn. In the genus Bombycilla, Brisson, which includes 
our European or Bohemian chatterer, the head is orna- 
mented by an elongated crest, and the majority of the spe- 
cies have the secondary feathers of the wings terminated 
by a small oval expansion, resembling a bit of scarlet 
sealing-wax. These birds prefer wild fruits to insects. 
The appetite of the American species (A, Americana) is 
stated by Mr Audubon to be of so extraordinary a nature 
as to prompt it to devour every fruit and berry in its way. 
In this manner it will gorge itself to such excess as to be 
sometimes unfit to fly, and may then be taken by the 
hand. “ I have seen some which, though wounded and 
confined to a cage, have eaten apples until suffocation de- 
prived them of life."^ Our author adds, however, that they 
are also excellent fly- catchers, spending much of their time 
in pursuit of winged insects. They become very fat during 
the fruit season, and are then so tender and juicy as to be 
much sought for as an article of epicurean diet. They 
inhabit the United States throughout the year. The 
habits of the European wax-wing {A, garrula) are much 
less known. It not unfrequently visits Britain during win- 
ter, and is supposed to breed within the arctic circle. It 
likewise inhabits North America, but has not been ob- 
served to the southward of the fifty-fifth parallel. Dr 
Richardson observed a flock of three or four hundred on 
the banks of the Saskatchewan in May. During their 
trips to Britain they feed, when they can get them, on the 
berries of the mountain ash ; and Sir William Jardine found 
the stomachs of one or two killed near Carlisle to be cram- 


med with holly berries. A third species was some time ago Insessores. 
discovered by Dr Seibo.d in Japan. It is the JB- 
coptera of Temminck, and wants the wax-like appendages 
to the wings. 

In the genus Casmarhynchus, Temm., the bill is re- 
markably broad, greatly depressed, soft and flexible at the 
base, of a harder consistence, and somewhat compressed 
towards the extremity. The nostrils are large and open, 
and placed far forward on the bill. As an example, we 
may name that singular bird the araponga ( nudicollis^ 

Temm. PL CoL 368-83), a Brazilian species, remarkable 
for the metallic resonance of its cry, which sounds like 
the clinking of a blacksmith’s hammer. By reason of this 
peculiarity, it is known to the Brazilians by the name of 
O. ferrador, or the blacksmith. The adult male is pure 
white, the face and front of the neck nearly bare, of a 
green colour, sprinkled with a few small black feathers. 

The female is green, spotted on the under parts with 
white, the upper plumage of the head nearly black. The 
young at first resemble the mother, and adolescent males 
are found with a mingled plumage of green and white. An- 
other species, of nearly corresponding plumage, is distin- 
guished by a long, fleshy, sometimes slightly feathered 
caruncle, hanging from the basal front of the upper mandi- 
ble. It is erectile, and sometimes projects upwards. This 
is the Ampelis earunculata of the older systematic writers. 

We presume it to be also the Campaneroof the Spaniards, 
called dara by the Indians, and bell-bird by the English. 

It is about the size of a jay,^’ says Waterton. “ His 
plumage is white as snow. On his forehead rises a spiral 
tube nearly three inches long. It is jet black, clothed all 
over with small white feathers. It has a communication 
with the palate, and when filled with air looks like a spire ; 
when empty, it becomes pendulous. His note is loud and 
clear, like the sound of a bell, and may be heard at the 
distance of three miles. In the midst of these extensive 
wilds, generally on the top of an aged mora, almost out of 
gun reach, you will see the campanero. No sound or 
song from any of the winged inhabitants of the forest, not 
even the clearly pronounced * Whip-poor-will,^ from the 
goat-sucker, causes such astonishment as the toll of the 
campanero. With many of the feathered race, he pays the 
common tribute of a morning and an evening song; and 
even when the mendian sun has shut in silence the mouths 
of almost the whole of animated nature, the campanero 
still cheers the forest. You hear his toll, and then a pause 
for a minute; then another toll, and then a pause again ; 
and then a toll, and again a pause. Then he is silent for 
six or eight minutes, and then another toll, and so on. 

Actaeon would stop in mid chase, Maria would defer her 
evening song, and Orpheus himself would drop his lute, to 
listen to him, so sweet, so novel, and romantic is the toll 
of the beautiful snow-white campanero. He is never seen 
to feed with the other Cotingas, nor is it known in what 
part of Guiana he makes his nest.”^ In a third species 
(Amp, variegaUtf Gmel. PL CoL 51, Plate VL, figure 
10) the front of the throat is all beset with numerous 
fleshy worm-shaped appendages. All these birds are 
vaguely said to feed upon insects, but on no authority that 
we can find. “ Could we but know,*^ says Mr Swainson, 

the habits and economy of these singular birds, which, 
had they not been seen, might be thought fabulous, what 
an interesting page of nature's volume would be unfold- 
ed I Yet at present we only know that they live in the 
deepest and mo^t secluded forests of tropical America, 
where they subsist upon an infinite variety of fruits un- 
known to Europeans. They are much oftener heard than 
Been, since their notes are particularly loud, and are ut- 
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Iiwcssores. tered morning and evening from the deepest recesses of the 
forests. We have sometimes caught a distant view of them, 
perched upon the topmost branches of the loftiest trees.’*^ 

In the genus Procnias (now more restricted than by 
Hoffmansegg) the bill is likewise very broad, and deeply 
cleft, but the structure is firmer, and the upper mandible 
more convex. The nostrils are basal. Example, P. vm* 
tralis^ llliger, PL CoL 5. 

In the not very closely allied genus Ceblepyris, Cuv. 
which Mr Swainson classes as the most aberrant division 
of the shrikes, the bill resembles that of the Cotingas, but 
the shafts of the rump-feathers are sharp pointed. These 
birds inhabit chiefly Africa, and prey on caterpillars. Ex- 
ample, C* phcenicopterus, Temm. PL CoL 71. 

The genus Gymnodera, Geoff, (which forms a portion 
of the Coracinm of Vieillot), has the bill stronger than in 
any of the preceding Ampelidcs^ the neck is partially bare, 
and the head covered with velvety feathers. There does 
not seem to be more than one species (G. nudicollis)^ de- 
scribed by Shaw under the name of bare-necked grakle. 
It was classed by Gmelin and Latham as a crow, — the 
Corvus nttdus of their respective works. 

The Drongos (genus Edolius, Cuv.) have the bill par- 
tially depressed and notched, and its upper ridge sharp ; 
but it is distinguished by both mandibles being slightly 
arched through their whole extent, and the nostrils are 
covered with feathers. The species are rather numerous, 
and are characteristic of the tropical countries of the East. 
The Malabar shrike of Shaw (^Edolius remifer^ Temm. see 
Plate VI., figure 7), affords a good example. The posi« 
tion of this genus ought certainly to be in closer approx- 
imation to the Laiiiadce than it is in the arrangement 
of Baron Cuvier. Their habits are insectivorous, and some 
of the species are said to warble as sweetly as the nightin- 
gale. They usually dwell together in society, pursue bees 
with great avidity, and are often seen to combine in large 
groups on the outskirts of the forests during morning and 
evening. The species we have figured is a native of Java 
and Sumatra. 

In the genus Phibalura of Vieil. the ridge of the bill 
is arched, as in Edolius, but shorter, broad at the base, 
somewhat dilated laterally, and slightly notched. The 
only known species is a beautiful South American bird 
(^PL Jlavirostris^ Vieil.; Phcristata^ Swain., 2jOoL JZ/wsf. 
pi. xxxi.), which appears to occur chiefly in the mining dis- 
t.'icts of Brazil. It was very rare some years back, but 
has now become comparatively common in collections, in 
consequence of recent importations. 

We come now to an extensive group, the ancient Ta- 
nagers, genus Tanagra of Linn., which, like most of the 
other genera, has in recent times been numerously sub- 
divided. The bill is convex, sub-triangular at the base, 
the upper mandible slightly arched, curved at the point, 
notched, the margins flexuous and enlarged ; the nasal fossae 
are deep and large, and closed by a membrane ; the nos- 
trils are rounded. The wings are rather short. The Ta- 
nagers are characteristic of America. They feed both on 
grain and insects, and are remarkable for the beauty and 
brilliancy of their plumage. The following are the princi- 
pal subdivisions. In Euphonia, Desm. {Tangaras houv- 
rmiU, Cuv.), the bill is short, and exhibits, when viewed 
vertically, an enlargement at the base on either side. The 
tail is also short in proportion. Examples, — Thw. viohxcea. 
Lath., — Pipra mvsica^ Gmel., — Tan. diademata^ PI. Col. 
243, — ^and Tan. cMorotica, Gmel. (See Plate VL, figure 
9.) In the genus Saltator, Vieil. {Tangaras gros- 
becy Cuv.), the bill is conical, thick, inflated, as broad as 
high, the culmen rounded. Such are Tan. magna, atra^ 


fiammiceps^ &c. In the restricted genus Tanager (pro-Insessores. 
perly so called) the bill is short, though longer than in 
Euphonia, as broad as high, slightly compressed. Exam- 
ples, T. tricolor, thoracica, auricapilla, &c. In the genus 
Tachyphonus, Vieil. {Tangaras loriots, Cuv.), the bill is 
more lengthened, conical, compressed, arched, sharp point- 
ed. Examples, T. cristata, nigerrima, &c. In the genus 
Pyranga, Vieil. {Tangaras cardinals, Cuv,), the bill is 
strong, lengthened, thepointbut slightly curved, the mar- 
gin of the upper mandible often strongly toothed. The 
wings are rather long. The habits of several of the spe- 
cies of this genus are better known than those of the pre- 
ceding, in consequence of their more hardy constitution, 
which enables them to spend the summer months in North 
America. One of the most beautiful of these is the scar- 
let tanager ( Tanagra rubra, Linn.). Among all the birds 
that inhabit the woods of the United States, there is none, 
according to Wilson, that strikes the eye of a stranger, or 
even of a native, with so much brilliancy as this. Seen 
among the green leaves, with the light failing strcmgly on 
his plumage, he appears most beautiful. His whole plu- 
mage, with the exception of the wings and tail, is of the 
most vivid carmine red. The wing-coverts, posterior se- 
condaries, and middle tail-feathers, are black, and form a 
rich contrast to the other portions of the plumage. After 
the autumnal moult the male becomes dappled with 
greenish yellow. The colour of the female is green above 
and yellow below ; her wings and tail are brownish-black, 
edged with green. Though this lovely species sometimes 
builds in orchards, and visits cherry trees for the sake of 
their fruit, it does not frequently approach the habitations 
of man, but prefers the solitude of the umbrageous woods, 
where, in addition to fruits, its food consists of wasps, hor- 
nets, and humble-bees. The scarlet tanager comes just 
within the limits of the fur-countries, but is unknown as 
yet beyond the forty-ninth degree. His nest, placed up- 
on the horizontal branch of a tree, is built of broken flax 
and dry grass, so thinly woven that the light is easily seen 
through it. The eggs are only three in number, of a dull 
blue, spotted with brown ; but the bird is supposed to breed 
more than once a year. The genus Pyranga contains also 
Tan. csstiva and other species. 

We conclude our notice of the Tanagers by a brief in- 
dication of the genus Ramphoceles, Vieil., of which the 
bill is strong, compressed, with the sides of the lower man- 
dible so enlarged as to spread backwards towards the 
cheek. Such is Tanagra Jacapa of Gmelin, a South Ame- 
rican species, represented in Plate VII., fig. 2. 

Our next group consists of birds more or less allied to 
thrushes. In all, the bill is compressed and arched, but 
the upper mandible is but slightly hooked, and the notch- 
ing feeble. As in other extensive assemblages of species, 
however, the structure is considerably varied. The natu- 
ral regimen is mingled, consisting both of wild fruits, 
worms, and insects. A few species are gregarious, the 
majority solitary. Of ten or twelve kinds which inhabit 
Europe, we have six in Britain, viz. the missel- thrush ( T, 
viscivorus), the song- thrush {Tmusicus), the field-fare 
(T. pilaris), the red-wing {T. iliacus), the blackbird (T. 

Tnerula), and the ring-ouzel {T. torquatus). The aspect 
and general habits of most of these are too familiar to re- 
quire illustration. The blackbird and the thrush are two 
of our most delightful and accustomed songsters. 

When snow-drops die, and the green primrose leaves 
Announce the coming flower, the merle’s note 
Mellifluous, rich, deep-toned, fills all the vale, 

And charms the ravished ear. The hawthorn bush. 

New budded, is his perch ; there the gray dawn 
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Tnsessores* He hails, and there, with parting light, concludes 
His melody. There, when the buds begin 
To break, he lays the fibrous roots, and see 
His jetty breast embrowned; the rounded clay 
His jetty breast has soiled:^ but now complete, 

His partner and his helper in the work. 

Happy assumes possession of her home : 

While he upon a neighbouring tree his lay, 

More richly full, melodiously renews. 

The thrush’s song 

Is varied as his plumes; and as his plumes 
Blend beauteous, each with each, so run his notes, 

Smoothly, with many a happy rise and fall. 

Sometimes below the never-fading leaves 
Of ivy close, that overtwisting binds 
Some’ riven rock, or nodding castle wall, 

Securely there the dam sits all day long ; 

While from the adverse bank, on topmost shoot 
Of odour- breathing birch, her mate’s blythe chaunt 
Cheers her pent hours, and makes the wild woods ring * 

The missel-thrush is the largest and strongest of the 
genus, at least in Europe. He is a bold, pugnacious bird, 
guarding his nest with great success from the intrusive 
magpie. His song is load and clear, but monotonous; 
something like an ineffectual attempt to combine the tones 
of the thrush and blackbird. Yet Colonel Montagu ad- 
mired it greatly. The ring-ouzel affects mountainous and 
barren places. The field-fare and red-wing are only seen 
with us in winter, and are known to breed in the more 
northern parts of Europe. The former sings well, and we 
have somewhere seen it called, the nightingale of Norway. 

One of the most noted of the foreign species of the ge- 
nus is the mocking-bird of America, 71 polyghttus^ Linn. 
lUmeasures about nine inches in length, is cinereous above, 
whitish below, with the tips of the wing-coverts, the base 
of the primaries, and the lateral tail-feathers white. This 
unrivalled Orpheus and great natural wonder of the Ame- 
rican forests inhabits the whole northern continent from 
the state of Rhode Island to the larger islands of the West 
Indies, and, continuing through tine equatorial regions, is 
found as far south as Brazil. Neither is it confined to the 
eastern or Atlantic states, being known to exist in the 
wild territory of the Arkansa, more than a thousand miles 
from the mouth of Red River. It breeds around the far 
western sources of the Platte, near the very base of the 
Rocky Mountains ; and Mr Bullock observed it on the 
table-land of Mexico. The mocking-bird may be regard- 
ed as a permanent (we mean stationary) inhabitant of the 
milder regions of the western world, though such as are 
bred to the north of the Delaware seem to move south- 
wards before the approach of winter.^ The period of in- 
cubation varies with the latitude. A solitary thorn, an 
almost impenetrable thicket, an orange tree, cedar, or 
liolly bush, are favourite places ; and during this important 
period neither man nor beast can approach without being 
attacked. Cats are especially persecuted ; yet his chief 
and most vengeful rage is directed against the black snake, 
a mortal enemy. The male bird darts upon the insidious 
reptile with the greatest courage, and by violent and in- 
cessant blows upon the head, sometimes deprives him of 
life. The boasted fascination of his race, his lurid eye, 
his sharp envenomed fangs, avail not when competing 
with the love of offspring, that pure and beautiful affec- 
tion, the least selfish of all instinctive feelings. “ The 
plumage of the mocking-bird," says the first great histo- 
rian of the American feathered tribes, “ though none of 
the homeliest, has nothing gaudy or brilliant in it ; and 
had he nothing else to recommend him, would scarcely 
entitle him to notice ; but his figure Is well proportioned, 
and even handsome. The ease, elegance, and rapidity of 
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his movements, the animation of his eye, and the intelli-Insessores. 
gence he displays in listening and laying up lessons, from 
almost every species of the feathered creation within his 
hearing, are really surprising, and mark the peculiarity of 
his genius. To these qualities we may add that of a voice 
full, strong, and musical, and capable of almost every mo- 
dulation, from the clear mellow tones of the wood-thrush 
to the savage scream of the bald eagle. In measure and 
accent he faithfully follows his originals. In force and 
sweetness of expression he greatly improves upon them. 

In his native groves, mounted on the top of a tall bush or 
half-grown tree, in the dawn of dewy morning, while the 
woods are already vocal with a multitude of warblers, his 
admirable song rises pre-eminent over every competitor. 

The ear can listen to his music alone, to which that of all 
the others* seems a mere accompaniment. Neither is this 
strain altogether imitative. His own native notes, which 
are easily distinguishable by such as are well acquainted 
with those of our various song birds, are bold and full, and 
varied seemingly beyond all limits. While thus exerting 
himself, a bystander, destitute of sight, would suppose that 
the whole feathered tribes had assembled together on a 
trial of skill, each trying to produce his utmost efforts, so 
perfect are his imitationsr He many times deceives the 
sportsman, and sends him in search of birds that perhaps 
are not within miles of him, but whose notes he exactly 
imitates ; even birds themselves are frequently imposed on 
by this admirable mimic, and are decoyed by the fancied 
calls of their mates, or dive with precipitation into the 
depth of thickets, at the scream of what they suppose to 
be the sparrowhawk."® 

The mocking-bird sometimes breeds in captivity. Many 
years ago a Mr Klein, of Philadelphia, partitioned off a 
space of twelve feet square within doors, lighted by a pret- 
ty large wire-grated window. In the centre he placed a 
cedar-bush, five or six feet high, in a box of earth, and 
scattered about a sufficient quantity of materials suitable 
for building, A male and female mocking-bird were in- 
troduced, and soon began to build. When the nest was 
completed the female laid five eggs, all of which she hatch- 
ed, and she fed the young with great affection till they 
were nearly able to fly. Business, unfortunately, called 
the proprietor from home for a fortnight, and the care of 
the colony being left to the domestics, the result may be 
anticipated. On his return the young were utterly dead, 
and the parents nearly famished. 

Several African species allied to our present group 
dwell together like starlings, in numerous chattering flocks, 
pursuing insects, and committing great depredations in 
gardens. Several are remarkable for the lustrous splen- 
dour of their plumage. Such are Turdus auratus and 
nitens of Gmelin. The Senegal species, called the glossy 
tlirush, T. ceneusy is characterized by the magnificent 
length of its caudal plumes. These richly attired species 
belong to the genus Lamprotornis, Temm. Other species, 
in which the bill is slender and lengthened (as in the Bra- 
zilian thrush of Lath,), form the genus Ixos of Ihe last- 
named author; while the genus Enicurus (more nearly 
related, however, to the fly-catchers) consists of one or 
two species with a stronger bill, the tail long and forked. 

Such is E. coronatuSy Temm. PL CoL 1 13 ; and E. velaluSy 
ibid. 160, from Java. Graluna of Vieillot is constitut- 
ed by a New Holland species with a straight, lengthened, 
rather rounded bill, and long legs. The plumage is black 
and white. Ex. G. melano^ca, Vieil. The genus Tri- 
CHOPHORUS, Temm. is composed of species of which the 
bill is very strong, and garnished at the base with long, 
projecting bristles, which sometimes prevail also on the 
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Inseifiores. occiput. The manners of these birds are as yet unknown. 

They live in Western Africa. Ex. Tr, barbatus, Temm. PL 
CoL 88. 


The ant-thrushes, Myothera, Illiger, come next in 
order. They are chiefly distinguished by their long, 
slender tarsi, and short tails. (8ee Plate VIL, figure 
1.) The species of the ancient world, inhabitants for the 
most part of India, the eastern islands, and New Holland, 
are characterized by brilliant and contrasted colouring. 
These are the Breves of Buffon, the short-tailed crows of 
English writers. They form the genus Pitta of Vieillot 
and Temm., of which the bill is strong but thrush-like (P. 
cyanuTus^ hrachyurus, &c.) ; while Myothera, as now re- 
stricted, contains the American species, of much more 
sober plumage, with the bill more abruptly hooked, and 
the tooth stronger. The species dwell among the enor- 
mous ant-hills ©f the western world, keeping much upon 
the ground. They seldom ,fly, and certain kinds are re- 
markable for their deep sonorous voices. The largest, 
longest legged, and most singular in its general aspect, 
known under various names, such as long-legged crow, 
king-thrush, &c. (^Corvus grallarius^ Shaw; Turdus reay, 
Linn.), constitutes the genus Grallaria of the modern 
systems. It is a native of Guiana. The beautiful New 
Holland bird, with a bill like a thrush, but shorter, the 
legs long, the nails almost straight, and the lengthened 
tail-feathers terminated by sharp points, forms the genus 
Orthonyx, and is placed by Cuvier immediately after 
the preceding group of ant- eating thrushes. 

The genus Cinclus, Bechstein, characterized by an al- 
most straight, compressed, sharp-pointed bill, comprises 
our well-known water- ouzel, C. aquaticus* This inte- 


bits the north-eastern parts of the European continent, Insessorei. 
visiting in severe winters the coasts of the Baltic, where 
it is neither shy in its habits, nor distrustful of the pre- 
sence of man. We are rather inclined, however, to dis- 
trust some of Mr Brehm’s species. 

The genus Pjhiledon of Cuvier has the bill slightly 
arched throughout its whole length, compressed, broad- 
ened at the base ; the nostrils are large, protected by a 
cartilaginous scale, and the tongue terminates in a sort of 
tuft. Hence the species are by many classed among the 
honey-sucking or tenuirostral tribes. Many of them are 
remarkable for some particular garniture about the base 
of the bill, and are found in New Holland and the eastern 
islands. The genus is very extensive, but not very natu- 
rally composed, as it consists of species brought from a 
variety of other genera, such as Certkia^ Merops, Gracu- 
la^ Stumus^ &c. Some have a fleshy wattle depending 
from the lower mandible, as in PhiL carunculatus of New 
Holland (which forms the genus Creadon of Vieillot). 

In others the head is partially bare of feathers, as in the 
goTuk^ likewise a native of New Holland, a bold and rest- 
less bird, which feeds both on insects and honey, and 
often puts to flight whole droves of blue-bellied parra- 
keets. Some have neither bare skin nor wattles, but 
are distinguished by a peculiar frizzled character of parts 
of the plumage. The poe bee-eater of Cook’s voyage 
(PhiL Ciricinnatm) is of this kind. It is a beautiful bird, 
of a glossy blackish green, with a band of white across 
the upper portion of the wing, and a pendent tuft of long, 
twisted, white feathers on each side of the neck. It is a 
native of New Zealand, and was formerly in great request, 
as contributing to ornament the feathered mantles worn 


resting bird is frequent along the banks of rivers, but 
seems to prefer those of a somewhat rocky, alpine charac- 
ter. . It lives in pairs, keeping always close by the stony 
margin of its chosen stream. The nest, according to Sir 
William Jardine, is formed exactly like that of our con^mon 
wren, with a single entrance, and is composed of ordinary 
mosses, without much lining* It is usually placed beneath 
some projecting rock, not many yards above the water, 
“ and often where a. fall rushes over, in which situation the 
parent birds must dash through it to gain the nest, which 
they do with apparent facility, and even seem to enjoy it. 
At night they roost in similar situations, perched with 
the head under the wing, on some little projection, often 
so much leaning as to appear hanging with the back 
downwards. I recollect a bridge oyer a rapid stream, 
which used to be a favourite nightly retreat, under an 
arch ; I have there seen four at a time sitting asleep in 
this manner, and used to take them with a light. Before 
settling for their nightly rest, they would sport in the 
pool beneath, chasing each other with their shrill and ra- 
pid cry, and at last suddenly mount to their perch; when 
disturbed, they return again in five minutes.”^ During 
winter they migrate to the lower streams ; but in summer 
are most abundant on the alpine tributaries. They feed 
on small fish and insects, and are remarkable for their 
power of walking, with the assistance of their wings, be- 
neath the surface. There is an American species (C. 
Americanus)^ of somewhat larger size, and of a uniform 
brownish slate colour. It extends along the range of the 
Kocky Mountains, from Mexico to Lake Athabasca. There 
is also an Asiatic species, figured by Mr Gould,* under the 
title of (7. Pallasiiy a name formerly bestowed on a bird 
supposed to come from the Crimea. 

Mr Brehm has described another species by the name 
of black-bellied water-ouzel (67. melanogaster). It inha- 


by chiefs and persons of distinction. The species is also 
said to sing well, and is moreover highly esteemed as an 
article of food. 

In the genus Euiabes, Cuv. (MairmtuSf Brisson; Gra^ 
cula, Vieil.), the bill is strong, compressed, high, the 
culmen arched, the sides dilated towards the gape* A 
portion of the cheek is bare, and a fleshy appendage 
stretches towards the occiput from either eye. Here are 
placed the famous mina birds, of which two species seem 
to have been confounded by Linnaeus under the title of 
Gracula religiosa* The specific name was first applied 
by misapprehension, in consequence of a Musulman wo- 
man refusing, on account of some religious scruple, to al- 
low a European artist to make a drawing of one of these 
birds, which she had in captivity. Some uncertainty 
seems still to pervade the naming of the species. The 
Indian kind (G. Indicus^ Cuv.) is somewhat larger than a 
blackbird, the plumage of a fine silky black, with a white 
spot upon the central edge of the wings, the bill and feet 
yellow. This bird is easily tamed, and becomes extreme- 
ly familiar in confinement. It is probably the most ac- 
complished linguist of all the feathered tribes, and may 
be taught to pronounce long sentences in the most clear 
and articulate manner. It is consequently held in high 
esteem, and is frequently brought alive to European 
countries, although it must be confessed that the purity 
of the English tongue is not always exhibited by the re- 
sult of its maritime education. The food of the mina in 
a state of nature is said to consist both of fruits and in- 
sects. It greatly loves bananas, and in this country has 
no objection to either grapes or cherries. The larger 
species G. Javanus^ Cuv.) equals the size of a jay. (See 
Plate VII., figure 3.) The bill is broader, more hook- 
ed at the end, but without the notch. Now M. Les- 
son gives the name of Sunnatranus to this species, and 


* Note to Wilson and Bonaparte’s American Ornithology^ vol. iii* p* 451. • Century of BWde from the Himalaya Mountai/ne^ 
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Insessores. says that the Javanese, who esteem it highly, and part 
with it unwillingly, obtain it only by navigation. The In- 
dian species he has named Javanus^ but without assigning 
any special reason for such transmutations. The plumage 
is the same in both. Old Edwards seems long ago to 
have indicated the two kinds. “ The greater minor, 
says he, ‘‘ for bigness equals a jackdaw or magpie i the 
lesser hardly exceeds a blackbird, so that the one is at 
least twice as big as the other.’" The bird described by 
Bontius as an Indian starling was a mina. It imitated 
man's voice more accurately than a parrot, and “ was 
oftentimes troublesome with its prattle."* 

In the genus Gracula, Cuv. {Pastor, Temm.), the bill 
is compressed, straight, or but slightly arched, the notch 
feeble, and the commissures form an angle as in the star- 
lings. This restricted genus contains several interesting 
species, such as the pagoda-thrush (G. pagodarum), so 
called from its frequent occurrence among the pagodas of 
Malabar and Coromandel. According to Sonnerat, it is 
often kept caged for the sake of its song. The paradise 
grakle of Latham {Par. tristis, Linn.) also pertains to this 
genus. It is well named Gracula gryllivora by Daudin, 
and is remarkable, as its name implies, for the destruction 
of locusts. We abridge the following particulars from 
Buj0Pon. The island of Bourbon, where this species was 
formerly unknown, was once overrun to an alarming ex- 
tent by locusts, wmich had been accidentally introduced 
from Madagascar. The governor-general and the inten- 
dant of the island, alarmed at the desolation which was 


habits are familiar, their docility remarkable, and their Insessores. 
powers of imitation almost unparalleled. The only Euro- 
pean species hitherto classed with the grakles is the beauti- 
ful rose-coloured ouzel (P. rosei/5), which occurs in several 
of the warmer countries of Asia and Africa, is not unfre- 


quent in Spain and Italy, and shows itself in other parts 
of Europe, more rarely as we proceed northwards. Even 
in Tuscany and the Lombardo- Venetian territory it is es- 
teemed unusual. A few are recorded to have built their 


nests in the Florentine district in 1739. We do not know 


that they have been since observed to breed in Europe. 
They were very common in Dalmatia in 1832 ; and in the 
year following one was shot in Ross-shire. 

In the genus Pyrrhocorax, Cuv. the bill is compres- 
sed, arched, rather slender, slightly notched, the nostrils 
covered with feathers. We have two European species, 
according to Temminck"s views, viz. the alpine crow of 
Latham (P. pyrrhocorax), and our own red-legged crow 
(P. graculus). The former inhabits the highest of the 
Northern and Helvetian Alps, seldom showing itself du- 
ring the summer season at any distance from the regions 
of perpetual snow ; the latter is also mountainous, but more 
widely spread over countries of less elevation. It is not 
unfrequent along many of the rocky coasts of England and 
Wales, is frequent in the Isle of Man, and occurs occa- 
sionally along the western shores of Scotland, and in Co- 
lonsay and other islands. Baron Cuvier places this bird 
alongside the hoopoes, as a tenuirostral genus called Frr- 
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taking place, deliberated on the best means of extirpation, 
and with that view they introduced several pairs of the so- 
called paradise grakle from India. The plan promised to 
be successful ; but unfortunately some of the colonists ob- 
serving the birds eagerly thrusting their bills into the soil 
of the newly- sown fields, imagined they were in quest of 
grain, and spread a report that the grakles, so far from 
proving beneficial, were likely to be highly detrimental to 
the country. The case was argued in due form. It was 
stated on the part of the grakles, that they ransacked the 
new-ploughed fields, not for grain, but insects ; but the op- 


In the genus Oriolus the bill resembles that of the 
thrushes, but is more powerful. The legs are shorter, and 
the wings rather more lengthened. As now restricted, 
this genus contains only the species of the ancient conti- 
nent, those of America {Icterus, Cassicus, &c.) being in- 
cluded among the conirostral tribes. The golden oriole 
( Oriolus galbula) is one of the most beautiful of European 
birds. It occurs occasionally in Britain. It breeds in 
many parts of the European continent, arriving in spring 
and departing in autumn. It builds on the tops of trees, 
its nest being attached to and partly suspended from a 


posite view prevailed, and two hours after the edict of 
proscription passed, not a living individual was to be found 
in the island. A speedy repentance followed this intem- 
perate and hasty execution, the locusts regained their as- 
cendency, and soon becoming more injurious than ever, 
the grakles were again introduced, after an absence of 
nearly eight years. Their preservation and extension 
now became an affair of state, laws were enacted in their 
favour, and the physicians (we presume, from policy) de- 
clared their flesh unwholesome. An opposite inconve- 
nience, however, is said to have since arisen. The birds 
having prodigiously increased in numbers, and being no 
longer adequately sustained by insect food, have had re- 
course to grapes, dates, and mulberries, and have even pro- 
ceeded to scratch up rice, maize, wheat, beans, and other 
useful produce ; they enter pigeon-houses, and attack both 
eggs and young ; and thus, after destroying the destroyer, 
they have themselves become a greater pestilence than that 
which they extirpated. There is perhaps some exaggeration 
in the concluding parts of this statement, as M. Duplessin, 
who resided several years in the island, states that the laws 
for its preservation are still in force. We may add, that 
this bird is of the same lively and imitative disposition as 
the mina, and is easily taught to speak. When kept near 
a farm-yard, or other place resorted to by different kinds 
of creatures, it spontaneously acquires the various cries 
of dogs, ditcks, geese, sheep, pigs, and poultry. The man- 
ners of the genus in general resemble those of the star- 
ling, They fly in troops, searching for insect prey ; their 


forked branch. This species feeds on fruits and insects, 
and is particularly fond of figs. The Italian peasants sup- 
pose its cry to signify Contadino, 4 mature lo fico Its 
own flesh is of most excellent flavour, especially in au- 
tumn, when having for a time fared sumptuously on the 
best of fruits, it has become extremely fat. The rich plu- 
inaged regent bird of New South Wales {Sericulus chryso- 
cej^wlusy Swainson) is by some regarded as an oriole. 

The genus Gymnops, Cuv. possesses the strong bill of 
the orioles, but a great part of the head is bare of feathers. 
In some of the species there is a prominence on the base 
of the beak. Such are the knob-fronted bee-eater of 
White^ {Merops corniculatus), figured by Vaillant under 
the name of corbicalao ( Ois.d!Amirique et desindes, pL 24), 
and the cowled bee-eater {Merops monachus, Latham). 
The tongue is said to be tufted like that of Phikdon. 
To the genus Gymnops Cuvier also refers the bald grakle 
{G. calva, Linn, and Lath.), a remarkable species, native 
to the Philippine Islands, where it is said to build in the 
hollows of the cocoa-nut tree. It feeds on fruits, and is 
extremely voracious. 

In the genus Menura, Shaw, the bill is straight, some- 
what triangular at the base, compressed, the nostrils 
lengthened, central. Region of the eyes bare. Feet large 
and strong. The only known species of this singular and 
somewhat anomalous genus, the lyre-tail of New Holland 
{M. lyra or superba), is characterized by tlie great ex- 
tension and peculiar structure of the tail-feathers. (See 
Plate VII., figure 4.) It is equal in size to a pheasant. 


1 Voyage to Botany Bay, p. 190. 
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Insessores. The general plumage is brown. The tail of the female is 
of the ordinary structure. This bird inhabits rocky dis- 
tricts. Though placed in its present station by Cuvier, it 
certainly seems more allied to the gallinaceous than the 
passerine order. Its history, however, is still obscure, and 
its anatomical structure, we believe, has not yet been in- 
vestigated. 

From the last-named genus, it would appear an abrupt 
and bold transition to the feeble-bodied, soft-billed stone- 
chats, warblers, wagtails, and other SylmadcB^ all of which, 
however, Baron Cuvier has here grouped as intermediate 
between Menura and Piprct, They form a very nume- 
rous assemblage, all characterized by a rather straight 
and slender bill, but varying, on the one hand, by the de- 
pression of the mandibles, towards the fly-catchers, and 
on the other, by its compression and curvature, towards 
the straight-billed butcher-birds. The Sylviadae or war- 
blers are divided by Mr Swainson into the five following 
sub-families, viz. 1st, Saxicolincs or stone-chats, in which 
the bill is depressed at the base, the gape furnished with 
diverging bristles, the feet lengthened, the tail rather 
short, the head large ; 2d, PhilomelincB or nightingales, in 
which the general structure is larger and more robust than 
in the typical warblers, and the feet more formed for perch- 
ing ; 3d, SylviantB or true warblers, of which the size is 
very small, the structure weak, the bill very slender, 
straight, with the under mandible much thinner than the 
upper ; 4th, ParianiB or tit-mice (placed by Cuvier in the 
conirostral tribe), in which the bill is either entire or very 
• slightly notched, and more or less conic, the hind toe large 
and strong, and the lateral toes unequal ; 5th, Motacillinm 
or wagtails, in which the bill is lengthened, straight, and 
slender, the legs long, and formed for walking, the hind 
toe elongated, and the tail narrow and lengthened.^ Mr 
Swainson has elsewhere remarked, that the Sylviadae might 
be termed “ ambulating fly-catchers," since, when viewed 
collectively, they are only separated from the MusdcapU 
n<B by a different mode of feeding, indicated by the supe- 
rior length and structure of their feet,— these parts being 
adapted for constant locomotion, either among branches 
or upon the ground ; while in the true fly-catchers the feet 
are short, small, and feeble, in accordance with the seden- 
tary habits of the species. “ Comparing the warblers, on 
the other hand, with the thrushes, we see that the best 
distinction between the two groups lies in the very cha- 
racter which assimilates the Sylviadm to the fly-catchers, 
namely, the basal depression of the bill. We allude, of 
course, to typical examples ; since all these distinctions are 
softened down, in proportion as the three groups approxi- 
mate.* We shall now proceed with our exposition of Ba- 
ron Cuvier’s system. 

The genus Saxicola, Bechstein, has the bill slightly 
depressed and broadened at the base- The species of this 
genus seem confined to the ancient continents and New 
Holland. They feed on insects, build on the ground or 
among heaps of stones, and usually frequent rather wild 
and barren places. We have three British species, the 
wheat-ear or white-rump (iS, mnanth^^ which is migratory, 
and arrives with us in early spring, Irequenting commons 
and mountain pastures, but also occurring in more culti- 
vated places, though always preferring open districts; the 
wdiin-chat (aS. rvhetrd)^ likewise migratory, but later in its 
arrival, and frequenting moorlands and commons covered 
with furze or low brushwood, where it is almost always seen 
to alight upon the topmost spray; and the stone-chat ru-* 
bicola), which resides in Britain throughout the year, and 
is often found in moistish places. Of these the white-rump 
is the most esteemed as food, being compared by many 
to the ortolan. It is much sought after in Italy, that “ land 
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of song,” where, by the strangest mal-association, a man Insessores. 
no sooner hears a feathered warbler sing than he desires to 
shoot and eat it. Even in the southern parts of Britain it is 
much esteemed ; and Pennant tells us, that as many as 1840 
dozen have been taken in a single season at East Bourne, . 
in Essex. In the south of Europe it is usually captured by 
means of a peculiar net, and the lure of a living owl with 
us a noose of horse-hair placed between two upraised or 
inclined portions of turf, between which the bird attempts 
to pass^in search of insects, is found sufficient. In regard 
to the stone-chat, Temminck mentions that, though sta- 
tionary in Africa, in Europe they are birds of passage. It 
is singular in this case that they should remain through- 
out the year in Britain. The fact that they do so, how- 
ever, is undoubted, as we have ourselves shot them on the 
Pentland Hills when the ground was covered with snow. 

Signor Savi mentions that they are stationary in Tuscany, 
although “ per il tempo del caldo maggiore del? estate, e 
dell autunno, molti abbandonano le pianure, e si retirano 
su i monti per cercare luoghi piii freschi.”^ 

In the genus Sylvia of Wolf and Meyer (Ficedula, 

Bech.) the bill is merely a little narrower at the base than 
in the preceding. The generic title, however, has been 
variously applied of late, by different writers, to their re- 
stricted groups, — Mr Selby using it to designate our willow 
and wood wrens, while Cuvier makes it contain, among 
others, the four following British species, viz. the red- 
breast (aS. ruhecula), the blue-throat {S. suecica), the com- 
mon red-start {S.phanicuTus), and the black red-start (5. 
tithys). Of these, the second and fourth can scarcely be 
regarded as otherwise than of accidental occurrence in 
England, and have never been seen in the northern quar- 
ters of the island. The red-breast is perhaps the most be- 
loved of British birds, and is remarkable for its combina- 
tion of familiarity and independence. When left to its 
"own sweet will,” it enters houses freely in cold or snowy 
weather, will perch night after night on corniced book- 
case, or seek repose upon the golden scallop of a picture 
frame ; but it hates all forwardness in others, and will not 
voluntarily come in contact with any hand, however beau- 
tiful. It hops delighted, singing as it goes with low and 
plaintive note, along the comfortable carpet, or darting up 
suddenly towards the window-frame, will utter a louder 
gush of angrier melody on seeing some orange-breasted 
brother, perched on leafless spray, still braving the increas- 
ing darkness. For a time, just before nightfall, he seems 
himself to suffer from some uneasy instinct, or probably 
desires, from habit, to secure his usual perch in old fan- 
tastic yew or thick screened holly; but, on second thoughts, 
he soon assumes some quiet corner, above the reach of cu- 
rious children’s hands. Not seldom when the evening 
fire burns brightest, he descends on muffled wing, his large 
and liquid eye dilated less with fear than quiet wonder, 
and after a brief survey, he re-ascends his place of safety. 

Although this bird remains about our doors throughout 
the summer, building near out-houses and in orchards, yet 

Some red-breasts love amid the deepest groves 
Betired to pass the summer days. Their song 
Among the birchen boughs, with sweetest fall 
Is warbled, pausing, — ^then resumed mure sweet, j 

More sad, that to an ear grown fanciful, 

The babes, the wood, the men, rise in review. 

And robin stiU repeats the tragic line. 

We have a notion, that in Scotland the female red-breast 
is migratory. At least, in the vicinity of Edinburgh, we 
recognise her not throughout the long-enduring winter. 

All the individuals then about our gardens siny and^ghtf 
tiU, in the month of March, some strangers show them- 
selves, but do not sing, and are immediately followed and 


3 Qrnitologia Toicam, i. 231. 


^ Xai. nisi, and Classif* of Birdi, ii. 238. 


* Fauna A* P* 20. 
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InsesBOTe^.Jed by the resident males, at which time they (the sup- 
posed females) utter a low hissing note, and flutter their 
wings like young dependent birds* This we have often 
seen, and vouch for. 

The red-start is a rarer species. It haunts retired well- 
wooded lanes, where the timber is in a better state than the 
stone dikes ; for it highly approves of the latter when old, 
moss-covered, and full of holes. It is a bird of passage, 
and although greatly less familiar than the red-breast, we 
have seen it build beneath the cottage eaves. It is an ac- 
tive, restless bird, easily recognised by its snow-white fore- 
head, black throat, ashy back, and fine reddish orange 
breast and rump, to say nothing of the constant vibratory 
motion of the tail- 

The blue bird of America (Sylvia sialis) has the whole 
of the upper plumage of a fine blue, while the throat, 
neck, breast, and flanks, are bright orange brown. In ge- 
neral character and noovement this bird resembles the Euro- 
pean red-breast, and may be said to be as familiarly known 
in summer to the children of America as the robin is to 
ourselves, Wilson informs us that its society is much 
courted by the inhabitants of the country, and that few 
farmers neglect to provide for him a snug little summer- 
house, ready fitted, and rent free. He is migratory over 
the northern districts, but a few remain throughout the 
winter in some parts of the United States. A more re- 
cently described species, nearly allied to the preceding, 
was procured by Dr Richardson at Fort Franklin, and is 
named by Mr Swainson Erythaca arctica. Its colour is a 
fine ultra-marine blue above, beneath greenish blue, whit- 
ish on the lower part of the abdomen, and under tail-co- 
verts. It seemed to be merely a summer visitant of the 
fur-countries, and no other knowledge of its haunts or ha- 
bits has been yet obtained. 

The genus Curruca, Bechstein, has the bill straight, 
slender throughout, a little compressed anteriorly, the upper 
mandible slightly curved towards the point. It contains that 
prince of European songsters, the nightingale (C. Imcinia)^ 
a bird of shy and unobtrusive disposition, seldom seen in 
open places, but loving the protection of a close entangled 
undergrowth of brakes and bushes. Its powers of song 
are generally admitted to be unrivalled, although the effect 
is no doubt enhanced by the solemn stillness of the sum- 
mer night, when every other voice has sunk to rest, — for 
then 

The wakeful bird 

Sings darkling, and in shadiest covert hid 

Tunes her nocturnal notes. 

The words of the divine Milton are sacred ; yet we know 
not that the female sings. It is a curious coincidence, how- 
ever, that she should be asserted so to do by Pliny. Our 
British nightingales never venture farther north than Don- 
caster, although in Sweden and the northern parts of Ger- 
many they are less restricted in their summer movements. 
To this genus belong several other excellent British song- 
sters, such as the rich-voiced black-cap ((7. atricapilla)^ 
the greater petty-chaps ( C, hortensis)^ and the white-throat 
or muggy (C.cinerea). These, as well as the following, 
are called abroad 

A few species which affect damp underwood and reedy 
marshes, such as the grasshopper warbler (S. locnstella), 
the sedge- warbler {S. phragmitis), and the reed- wren 
arundinacea)^ constitute the genus Salicaria of Mr Sel- 
by. To the same little group, we doubt not, belongs the 
beccamoscfiino of the Tuscans cisticola^ Temm.), re- 

markable as exhibiting the propensities of a tailor-bird. 
The nest is placed near, but not upon the ground, usually 
in a bush of lengthened herbage, the leaves and stalks which 
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form the external covering being drawn together, while a Insessores' 
flooring for the nest is made somewhat lower down, by 
curving the leaves across. The beauty of the structure 
consists in this, that the latter are not supported by their 
mutual interlacement, but are sewed together, sometimes 
by spiders’ webs, sometimes by thread-like portions of va- 
rious plants. The interior is chiefly composed of vegetable 
down. The nests constructed in April are much less fi- 
nished than those of August, owing to the absence, in the 
earlier month, of several materials which greatly conduce 
towards their elegance and solidity.^ 

Another limited genus, called Accentor, has the bill 
also slender, but rather more conical than the other Sylviae, 
with the edges slightly bent inwards. The species are 
much more hardy than the preceding (all of which are 
birds of passage) 5 and our only British representative, com- 
monly called the hedge-sparrow (A. modvXaTis)^ remains 
with us throughout the winter. It seems characteristic of 
the northern parts of Europe, being seldom seen in France 
except during winter ; and the few that occur in Italy are 
known to breed among the mountains, only descending to 
the plains when the summer heat is over. With us what 
school-boy knows not its mossy, twig-entangled nest, and 
pure unspotted eggs of greenish blue ? A larger and still 
hardier species is the alpine warbler (A. alpinus)^ of the 
accidental occurrence of which in the garden of King^s 
College, Cambridge, an instance is recorded by Mr Selby. 

This bird is an inhabitant of the most mountainous regions 
of Europe, and particularly affects those districts which 
are of an abrupt and rocky character. It is common among 
the Alps of Switzerland, and may be usually seen in the 
environs of the convent of St Bernard. In summer it 
ascends to a great elevation, where it breeds beneath the 
ledges of the rocks, laying four or five eggs of a greenish- 
blue colour. As winter advances, and the snow begins to 
gather amid the desolate steeps, it descends towards the 
vales and middle regions of tl)e mountains, where it sub- 
sists upon the seeds of alpine grasses, and of other plants. 

In summer it destroys grasshoppers, and various insects, 
and their larvae.^ 

In the genus Regulus, Cuv., the bill is still slender, 
but conical, sharp pointed, and the sides, when viewed 
from above, are slightly concave. The species are mucl\ 
more active and arboreal than those last named. We may 
mention as an example our beautiful golden-crested wren 
(/?. aurimpilluSy Selby; MoU regulus^ Linn.), the smallest 
of British birds. It inhabits woods and forests, and flits 
rapidly from tree to tree, examining the leaves and branches 
in search of insects. Its manners resemble those of the 
tit-mice, in company with which it often travels. Mr Selby 
has recoraed, that after a severe gale from the north-east, 
thousands of these tiny creatures were seen to arrive upon 
the sea-shore and sand-banks of the Northumbrian coast, — 
many of them so fatigued as to be unable to rise again 
after alighting on the ground. In this genus Cuvier re- 
tains our willow or yellow wren, and lesser petty-chaps 
(M, trochilus and kippolais)^ which most other modern 
writers keep apart in their restricted genus Sylvia, bestow- 
ing other titles (ErythacUy PhcsnicurOy Philomela^ &c,) on 
the genus which Cuvier has so called. These transpositions 
are the bane of Ornithology. Several true Reguli inhabit 
North America. 

Our common (kitty) wren forms, with certain foreign 
species, the genus Troglodytes of Cuv. The bill is 
rather more slender than in Regulus, and slightly arched. 

The generic name of Moxacilla, of such extensive 
application in the older systems, is now restricted to the 
w'ag- tails, such as Jff. alha and cinerm^ Linn. Our yellow 


* Giom. de* Letterath t. vL (where the nest is figured) ; and Oniitologia Totcana. t, 5. p. 282. 

• lUuttratUm <if British Orniihologyy vol. i. p. 247. 
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Insessores. species, which differs from the others in being a bird of 
passage, is moreover distinguished by an arched and 
lengthened hind claw, and forms the genus Budytes, Cuv., 
founded, perhaps, upon a character of no great importance. 
All the wag-tails are peculiar to the ancient continent. 

The genus Anthus, Bechstein, so long united to the 
true larks, has the bill straight, slender, rather subulate to- 
wards the point, the base of the upper mandible carinated, 
the tip slightly bent, and emarginated. The hind claw is 
more or less produced. We have three British species, the 
rock or shore pipit (A. aquaticus\ the tit-lark or meadow 
pipit {A>pratemis\ and the tree pipit {A* arboreiLs). Rich- 
ard’s pipit {A» Eiehardii Vieil.) may be included in our list 
of accidental visitants. 

The great tribe of Dentirostres is terminated by Cuvier 
with certain groups which differ from all the preceding by 
the closer union of the outer and middle toes, which are 
joined together for a considerable space, after^the manner 
of the syndactylous tribes. 

Of these groups the first is composed chiefly of the 
manakins (Genus Pipra, Linn.), in which the bill is short, 
compressed, higher than broad, notched, the nasal fossae 
large, the nostrils concealed by feathers. The tail and 
legs are short. They may be subdivided as follows. 

In the genus Rupicola of Brisson the species are of 
considerable size, and their heads are ornamented by a 
double crest of vertical feathers. The only species known 
are South American, and are distinguished by the name of 
rock manakins. P. aurantia, Vieil. (Pipra rupicola^ Gm.), 
is of a brilliant orange colour, with peculiar frizzled fea- 
thers on the wings and tail. It is one of the most beauti- 
ful of birds, lives on fruits, scrapes in the ground like the 
Gallinae, and constructs its nest among the deep caverns of 
the rocks* It is shy and mistrustful, and flies with great 
rapidity. The female, which is of a brown colour, lays two 
eggs of the size of those of a pigeon. The immature birds 
are also brown. This species inhabits the rocks by the 
rivers of Guiana. Not far from the banks of the river 
Oyapoc, to the windward of Cayenne, is a mountain which 
contains an immense cavern. There also, according to 
Waterton, the cock of the rock is plentiful. He is of a 
gloomy disposition, retiring during the day among the 
darkest rocks, and only coming out to feed a little before 
sunrise and at sunset. The South American Spaniards 
call him Gallo del Rio Negro^ supposing that he is only 
met with in the vicinity of that far inland stream ; but he 
is common in the interior of Demerara, amongst the huge 
rocks in the forests of Macoushia, and has been shot south 
of the line, in the captainship of Para. R. Peruviaim is a 
learly allied species, of somewhat larger size, but wanting 
Ihe frizzled character of the wing and tail feathers. It 
inhabits Peru. The female is still unknown. Our author 
here places the beautiful green species from Java and Su- 
matra (Calyptomena viridis of Horsfield), which he thinks 
' differs from the other Rupicolse chiefly in tlie crest not 
being fan-shaped. (See Plate VIL, figure 7.) The true 
manakins (genus Pipra, Cuv.) are of much smaller 
size. They likewise inhabit America, where they dwell in 
the deep and humid forests, feeding, it is said, both on 
fruits and insects. They are in general distinguished by 
the rich and varied colouring of their plumage. We have 
figured as an example a beautiful Brazilian species, the 
Pipra pareola, (See Plate VIL, fig. 5.) 

The terminal group of the Dentirostres is formed by the 
genus Eurylaimcjs, Horsfield, in which the bill is much 
stronger and broader than in any of the preceding, being 
in some of the species so greatly depressed and expanded 
at the base, as to exceed the breadth of the head. The 
upper overlaps the under mandible. These birds are pe- 
culiar to India and the great eastern islands, and now 
amount to five or six in number, which, however, offer such 


disparity in the structure of the bill, as to render subdivUInsessorei* 
sion unavoidable. This has* been in part effected ; the 
genus Cymbirhynchus, Vigors, containing Eu, nasutusj 
while the specific name of another (Eu. corydon), remark- 
able for the extraordinary expansion of the upper mandible, 
is used generically by M. Lesson, the species itself being 
termed TemminckiL (See Plate VIL, figure 8.) We 
know little of the manners of any of these birds. When 
actually ascertained, they may probably be found to offer a 
considerable disresemblance. They have hitherto been 
generally found in wild and desert places, by the banks of 
rivers, and are supposed to feed both on fruits and insects, 

— a frequent, if not a safe conclusion on the part of na- 
turalists, regarding almost every unknown species which 
happens to be neither a goose nor an eagle. 

Tribe 2d. — Fissirostres. 

This restricted tribe consists of the swallows, swifts, and 
goat-suckers, and is characterized by the bill being short, 
broad, depressed, slightly curved, without any tooth, and 
so deeply cleft as to give peculiar wideness to the gape, — 
a structure of great use to birds which prey so exclusively 
on insects taken on the wing. Their insectivorous regi- 
men induces migrator ial habits, and all the species leave 
ourselves and other northern nations so soon as the sear 
and yellow leaves of autumn betoken the approach of frost, 
and the consequent decrease or extirpation of insect life. 

Like the raptorial order, or birds of prey properly so called, 
the fissirostral tribe is capable of a binary division into 
diurnal and nocturnal species. 

Swallows, in general (Hirundo, Linn.), are remarkable 
for their close-set, usually glossy plumage, the great length 
of their wings, their swift, powerful, easy, and long-con- 
tinued flight. They occur in almost every region of the 
globe. In the restricted genus Hirundo, Cuv., the toes 
are disposed as in the majority of birds, that is, tliree an- 
terior and one posterior. In some of the species the legs 
and feet are clothed with feathers, the hind claw is slightly 
disposed to turn forwards, the tail is forked, and of medium 
size. Such is our martin or window-swallow (E, urbica) 
which forms so cheerful a feature in many of our villages 
and country dwellings, building beneath the eaves of 
houses, or the upper angles of windows. It is glossy bluish- 
black above, the rump and all the lower regions white. In 
others the legs and feet are naked, the tail forked, and of 
great length. Such is our chimney-swallow (H, rustica)^ 
which usually builds in out-houses, and leaves the top of 
its nest uncovered. Its upper parts, and the higher por- 
tion of the breast, are black ; the forehead and throat deep 
orange-brown, the lower portions of the body white. This 
species usually appears a few days earlier in April than the 
preceding. Although the migratory movements of both 
these birds may be still regarded as mysterious, there is 
now no doubt of the fact that they do migrate. It appears 
from the observations of M. Natterer, that they moult in 
February, that is, during their absence from this, the laud 
of their nativity, — a fact which would of itself suffice to 
overthrow the idea of their long-protracted winter sleep. 

It is also in respect to other purposes as usual well ordain- 
ed, for if the heavy moult which befalls so many species 
during spring or autumn, were equally to affect these long- 
winged birds, their flight from foreign lands, or journey 
thither, might be procrastinated, or prevented altogether. 

Swallows are probably the most purely and exclusively in- 
sectivorous of all birds, and even if they could themselves 
withstand our wintei-'s cold, they would soon perish mi- 
serably from want of food. 

This extreme sensibility of course renders it difficult 
to keep swallows caged, or otherwise confined, through- 
out the winter season. Yet several instances are known 
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Insessores. of their surviving that inclement pei'iod- The following 
is given by Mr Bewick, on the authority of the late Sir 
John Trevelyan. The experiments were made by a Mr 
Pearson. << Five or six of these birds were taken about 
the latter end of August 1784, in a bat-fowling net, at 
night ; they were put separately into small cages, and fed 
with nightingale's food. In about a week or ten days 
they took the food of themselves : they were then put 
altogether into a deep cage, four feet long, with gravel 
at the bottom ; a broad shallow pan with water was placed 
in it, in which they sometimes washed themselves, and 
seemed much strengthened by it. One day Mr Pearson 
observed that they went into the water with unusual eager- 
ness, hurrying in and out again repeatedly with such swift- 
ness as if they had been suddenly seized with a frenzy. 
Being anxious to see the result, he left them to them' 
selves about half an liour, and on going to the cage again 
found them all huddled together in a corner apparently 
dead ; the cage was then placed at a proper distance from the 
fire, when two of them only recovered, and were as healthy 
as before — the rest died ; the two remaining ones were al- 
lowed to wash themselves occasionally for a short time 
only ; but their feet soon after became swelled and inflam- 
ed, which was attributed to their perching, and they died 
about Christmas. Thus the first year's experiments were 
in some measure los-t. Not discouraged by the failure of 
this, Mr Pearson determined to make a second trial the 


thousand peckuls every year; but of these, a great pro- Insesaoreg. 
portion was brought from the islands of Cochin-China, 
and others to the eastward. However, these nests are 
nowhere more abundant than about Croee, near the south 
end of Sumatra. They weigh each about half an ounce, and 
resemble a small saucer in shape, with one side flattened, 
by which they adhere to the rocky walls of caverns. Their 
texture resembles that of isinglass, or fine gum-dragon. 

When about to be used they are soaked, then pulled to 
pieces ; and after being mixed with ginseng, are put into 
the body of a fowl, which is stewed all night with a suffi- 
cient quantity of water. When dissolved in broth they 
are said to give it a delicious flavour.® Naturalists are not 
agreed as to the exact mode of formation of these nests. 

Some suppose them the result of a glandular secretion. 
Alexander Wilson says, that the aculeated swallow {H* 
pelasgia) of America fastens together the twigs which 
compose its nest by means of a strongly adhesive gummy 
matter, secreted by two glands placed on each side of the 
hinder portion of the head.^ 

The swifts belong to the genus Cypselus of Illiger, dis- 
tinguished by the extreme shortness of the legs, and the pe- 
culiar character of all the four toes being directed forwards. 

The middle and outer toes have only three articulations. 

Of all the feathered race, these are perhaps the most vigo- 
rous and unwearied flyers. Even in the skeleton, the short- 
ness of the humerus, the breadth of its apophyses, the 


succeeding year, from a strong desire @f being convinced 
of the truth respecting their going into a state of torpidity. 
Accordingly, the next seasonhaving taken some more birds, 
he put them into the cage, and in every respect pursued 
the same methods as with the last ; but to guard their feet 
from the bad effects of the damp and cold, he covered the 
perches with flannel, and had the pleasure to observe that 
the birds throve extremely well. They sang their song 
through the winter, and soon after Christmas began to 
moult, which they got through without any difficulty, and 
lived three or four years, regularly moulting every year at 
the usual time. On the renewal of their feathers, it ap- 
peared that their tails were forked exactly the same as in 
those birds which return hither in the spring, and in every 
respect their appearance was the same. These birds were 
exhibited to the Society for promoting Natural History, 
on the 14th February 1786, at the time when they were 
in a deep moult, during a severe frost, when the snow was 
on the ground. They died at last in the summer, from 
neglect during a long illness which Mr Pearson had, who 
concludes this interesting account with the following words: 
‘ January 20, 1797. — I have now in my house. No. 21 Great 
JJewport Street, Long-Acre, four swallows in moult, in 


oval form of the fourchette, and the sternum unnotched 
below, indicate a structure admirably suited to sustain 
aerial motion ; and when to these we add the enormously 
lengthened primary feathers of the wings, we have a fly- 
ing machine of the most powerful kind. We doubt not 
that during every summer evening in which these sable 
creatures pursue their' gladsome gambols through the un- 
resisting air, they travel many hundred miles. It is easy 
to observe, that they are often on the wing incessantly for 
hours together, careering in fine weather in vast and in- 
tersecting circles, screaming after each other in no melo- 
dious strains, and flying at such a maddening rate as if 
flight were the only faculty worthy of exercise in earth or 
heaven ; and we are sure that the same genius for arith- 
metic which enables a school-boy to ascertain how many 
grains of barley would surround the world, might, if ap- 
plied to every minute's flight of this surprising bird for 
one “ purpureal eve," elicit a result in distance which 
would astonish even a railway engineer. Our common 
swift is the Cypselus murarius of Temm. {Hirundo apus^ 
Linn.). These birds, as well as swallows, seem in many 
instances to return to the same spot for a series of years* 
Dr Jenner took two claws from the foot of twelve swifts. 


as perfect health as any birds ever appeared to be in Several were re-taken in the course of one or two seasons ; 
when moulting.' Our only other species is the sand- and at the expiration of seven years, one was brought in 
swallow, or bank-martin rlparia), of smaller size and by a cat. A larger species (C, alpinus^ Temm.), frequent 
browner colour. It is the earliest of the genus ; but be- among the Alps of Switzerland and the Tyrol, and well 
ing more locally distributed, its arrival in many districts known at Gibraltar, has occurred occasionally in Ireland, 
is not so speedily observed. There are a great many foreign species, both of swifts and 

Among the foreign species, one of the most remarkable swallows, 
is H. esculentay a small brown swallow, from the Indian In the genus Caprimulgus, Linn., the gape is still 
Archipelago. ^ Its nest, formed chiefly of a peculiar kind wider, and the beak is bristled at the base with stiffisli 
of sea-weed, is very mucilaginous when cooked ; and its hairs. The wings are very long, the legs short, the tarsi 
restoratory virtues are held in such high esteem, that it has usually feathered, the toes united at the base by a mem- 
become with eastern nations, especially the Chinese, a brane, slightly connecting even the hinder toe, which 
most important article of commerce- The best kinds (such is somewhat versatile; the middle toe is often toothed on 
as are white and transparent, and of a uniform and delicate its inner edge (see Plate VII., figure 6 a); and the 
texture) sell at from a thousand to fifteen hundred dollars outer one, by a conformation of rare occurrence amongst 
peckul (not more than twenty-five pounds). The birds, has only four articulations. 

Dutcli alone were in use to export from Batavia about a The Caprimulgi or goat-suckers (an absurd and fabu- 

^ Bewick’s British Birds, i. 264. 

^ ! See Shaw’s GfiKcraZ Zoology, vol. x. p. Ill ; and Sir G. Staunton’s Rmlassy io China, voL i. p. 288, and vol. ii. n. 5. This spe- 
cies seems described under the name of H. fuciphaga, in AcU Holm, t. xxxiii. p. 151. 

* American OfnWiology, vol. ii. p. 24* 
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lous term, which however, serves the best purpose of a 
name, in bein^ S^enerally understood to relate to the spe- 
cies in question) are solitary birds, which feed voracious- 
ly on insects, and fly about during the evening twilight, 
encroaching in mid-summer on the clear and stilly hours 
of night. Our only British species (C'. JBuropceus) is a 
bird of passage ; and in its beautifully brindled plumage of 
ashy-gray, brown, and black, with here and there a patch 
of white, presents a characteristic example of the genus. 
It frequents commons, heaths, and uncultivated tracts, es- 
pecially where interspersed with brushwood. When on the 
wing, it utters occasionally a sharp hawk-like cry ; but Cu- 
vier surely errs when he asserts that “ fair qui s'engouffre, 
quand ils volent, dans leur large bee, y produit un bour- 
donnement particulier.*’ If he alludes to the peculiar pur- 
ring and prolonged .sound which some compare to that of 
a spinning-wheel, there is no doubt of its being produced 
when the bird is at rest, on the top of a wall, or among a 
heap of stones. When perched upon a branch or paling, 
its position is peculiar. It rests horizontally in the same 
direction as that by which it is supported, instead of across 
or at right angles. Its flight, when pursuing moths and 
beetles, is very easy and graceful. The species of this 
genus are widely distributed. Three occur in North Ame- 
rica; several in the southern parts of the new world; in 
New Holland they are well known ; Africa produces some 
remarkable kinds ; and those of Java and the East have 
been described by recent naturalists. Out of these, how- 
ever, several subordinate genera have been created. The 
strong-billed species, which want the membrane between 
the toes, and the dentation of the middle claw, form the 
genus PoDARGUS. They are natives of New Holland and 
the eastern islands. (See Plate VII., figure 6.) The 
great species from Guiana, which has the sides of the 
upper mandible dilated into a blunt tooth, constitutes the 
genus Nyctibius of Vieillot. A very peculiar species 
(Guacharo de caripe), which feeds on fruits, and dwells gre- 
gariously in caverns, where the young are much sought 
after on account of their delicious fat, forms the genus 
Steatornis of Humboldt.^ It is the only frugivorous 
night-flying bird with which we are acquainted. 

Although the general title of goat-sucker is so fami- 
liar to our ears, we confess we were never aware of how 
it had originated, — deeming it some accidental and un- 
meaning application, — till we had read the following pas- 
sage in Mr Waterton^s work. “ When the moon shines 
bright, you may have a fair opportunity of examining the 
goat- sucker. You will see it close by the cows, goats, 
and sheep, jumping up every now and then under their 
bellies. Approach a little nearer,— he is not shy, — ^ he 
fears no danger, for he knows no sin.’ See how the 
nocturnal flies are tormenting the herd, and with what 
dexterity he springs up and catches them, as fast as they 
alight on the belly, legs, and udder of the animals. Ob- 
serve how quietly they stand, and how sensible they 
seem of his good offices ; for they neither strike at him, 
nor hit him with their tail, nor tread on him, nor try to 
drive him away as an uncivil intruder. Were you to dis- 
sect him, and inspect his stomach, you would find no milk 
there. It is full of the flies which have been annoying 
the herd.”2 Many an hour, during the long still summer 
evenings, have we watched the flight of our only British 
species, while it hawked for moths along the fringed mar- 
gins of the rocky woods, or glanced more openly across 
the dewy meadows which bank the crystal basin of the 
beautiful Winander,” — but we never saw it hovering 
around or near to any kind of cattle. We doubt not, how- 
ever, that the same habit, as noted by Mr Waterton, must 


have been observed in Europe, and has, through miscon- 
ception, originated the vernacular name. 

Tribe 3d. — Conirostres. 

In this tribe are comprehended a considerable variety 
of genera, exhibiting not a little disparity in size, struc- 
ture, and habits, but agreeing in their bills being compa- 
ratively strong, more or less conical, and without notch. 
Several of the species, such as crows and magpies, are 
omnivorous ; but, generally speaking, when compared with 
either of the two preceding tribes, the diet of the Coniros- 
tres may be termed granivorous. 

The first little group is constituted by the larks, genus 
Alauda, Linn., of which the greater number have the 
bill straight, moderately thick, and pointed. (See Plate 
Vni., figure 1.) Though their flight is occasionally lofty 
and sustaineo, and the sky-lark (^4. arvemis) obtains its 
name 

From warbling high 
His trembling thrilling extacy, 

As, lessening from the dazzled sight, 

He melts in air and liquid light, — 

yet they haunt, and build their humble nests, habitually 
in fields of grain or grassy meadows. Even the wood-lark 
(A arhorea)^ although it perches and sometimes sings on 
trees, rears its young upon the ground. The shore-lark 
of Pennant {A. alpestris^ Gmel.) is common to the north- 
ern parts of Europe, Asia, and America. 

In the genus Parus, Linn., the bill is small, short, coni- 
cal, straight, beset at the base with hairs, and the nostrils 
concealed by -feathers. The species commonly called tU* 
mice are lively, active little birds, usually observed flying 
with eagerness from tree to tree in search of insects, seal- 
ing the branches in all directions, and seemingly quite re- 
gardless whether their heads or their heels are uppermost. 
Their nests are usually placed under cover, either in the 
crevice of a wall or the hollow of an old tree, and the 
number of eggs which they lay exceeds that of most Pas- 
seres. They eat grain and seeds, as well as insects. The 
species are distributed over the whole world, with the ex- 
ception of New Holland, South America, and the islands 
of the South Pacific Ocean. Although of rather gay and 
beautiful plumage, they are more numerous in temperate 
and northern countries than between the tropics. We 
have seven species in Britain, of which the bearded tit- 
mouse (P. hiarmicus) is scarce, and partially distributed, 
and the crested species (P. cristattis) so extremely rare as 
to be regarded as accidental. From the small size, rapid 
movements, and usually arboreous habits of all tliese birds, 
their doings can scarcely be observed with advantage during 
the umbrageous summer. But when the woods have either 
lost their leafy glory, or the dry red foliage hangs unresis- 
tant of the slightest breath, then are these vivacious crea- 
tures seen to congregate in little flocks, sometimes seve- 
ral species joining together, and cheering each other on 
with frequent shrilly cries. In their foraging excursions 
they likewise visit our gardens, shrubberies, and cottage 
doors, plundering the farm-yards, eating potatoes with the 
pigs and poultry, and greedily searching out an old mar- 
row-bone, or (if in Scotland) a sheep’s head of the preced- 
ing Sunday. The suspended nests of some of the foreign 
species are extremely elegant, and even that of our own 
long-tailed species is an object of great interest and beauty. 
Mr Selby describes it as usually fixed in one of the smaller 
forks of a tree branch, but occasionally amid the closer 
screen of a fir, or the centre of a thick bush of woodbine 
or thorn. It is of a longish oval form, composed of different 
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Insessores. lichens and wool firmly and curiously interwoven, and lined 
with a profusion of feathers, A small hole is left on two 
opposite sides of the nest, not only for ingress and egress, 
but also to prevent the bird during incubation from being 
incommoded by its long tail, which then projects through 
one of the orifices. The eggs are white, with fine red- 
dish-brown specks upon the larger end, and usually amount 
to ten or twelve.^ The Parns pendulinus, a species of 
the southern parts of Europe, constructs a purse-shaped 
dwelling, suspended from the flexible branches of aquatic 
jdants, or interlaced among the waving reeds. This hang- 
nest tit-mouse is often seen among the marshes of Bologna, 
where the peasantry seem to regard it with the same kind- 
ly affection as we do our red-breast. 

The genus Emberiza, Linn., is distinctly characterized 
by its rather short, straight, conical bill, and the curved 
form of the gape, produced by a narrowing of the sides of 
die uppei^ mandible, and a corresponding enlargement of 
the under one. Instead of being as usual concave within, 
the upper mandible has a hard, rounded knob in the in- 
side, or what is called a tuberculous palate. The species 
commonly known by the name of buntings feed chiefly on 
seeds and grain. The ortolan (^E, hortulana)^ a native of 
the central and southern provinces of Europe, has been 
occasionally killed in England, It is much esteemed in 
Italy and elsewhere as an article of food. It is frequent- 
ly lean when first netted; but if left undisturbed and well 
fed, it will not only fatten rapidly, but even in many in- 
stances die of repletion. The snow-bunting, and a few 
other kinds, distinguished chiefly by the elongation of the 
hind claw, form the genus Plectroplianes of Meyer, now 
called lark-buntings by our English writers. 

The great genus Fringilla of Linn, has the bill also 
conical, and more or less thickened at the base ; but the 
commissure is not angularly curved, as in the preceding 
group. Numerous subdivisions have been made of this 
genus in modern times. Of these the following may be 
taken as examples. 

In Ploceus, Cuv., the bill is rather square at the base, 
but sharp-pointed; the upper mandible somewhat dilated. 
•The species are known by the name of weavers, on ac- 
count of the art .with which they join together the mate- 
rials of their nests. Several species are gregarious, even 
during the breeding season, hanging their nests close to- 
gether in the same tree ; and as each on building a new 
nest forms it in close connection with the old, the final 
result is, that an apparently solid mass is at length collect- 
ed, consisting of numerous apartments, each tenanted by 
a pair of birds, but having the external appearance of one 
gigantic dwelling. Cuvier here places the species known 
in the older systems as the Philippine gross-beak, Loxia 
PhiJippina, Liiin. This bird is known in India by the 
name of baya, and may be rendered so tame as not only 
to perch upon the hand, but to fetch and carry at com- 
mand. It builds a very curious nest, in the shape of a 
long cylinder, swelling out into a globose form in the mid- 
dle, and composed of the fine fibres of leaves and grass, 
fastened by the end to a lofty branch, generally of the 
Palmyra or Indian fig-tree. The eggs are said to resem- 
ble pearls, with the white part transparent even when 
boiled, and are accounted delicious eating. This species 
is alleged to feed on fire-flies. Another remarkable Plo- 
ceus is the sociable gross-beak, or republican, Loxia socia^ 

. Latham. It is an inhabitant of the interior of the Cape 
country, and is thus described in Paterson’s Travels: “ Few 
species of birds live together in such large societies, or 
have such an extraordinary mode of nidification, as these ; 
they build their nests on the mimosa trees, which grow to 


a very large size, and appear to be well calculated for the Insessoreg. 
purpose, as the smoothness of their trunks prevents the'^-^-^^ 
birds from being attacked by monkeys, and other noxious 
animals. The method in which their nests are made is 
very curious. On one tree there could not be less than 
from eight hundred to a thousand under one general roof. 

I call it a roof, because it resembles that of a thatched 
house, and projects over the entrance of the nest below 
in a very singular manner. The industry of these birds 
seems almost equal to that of the bee. Throughout the 
day they appear to be busily employed in carrying a fine 
species of grass, which is the principal material they em- 
ploy for the purpose of erecting this extraordinary work, 
as well as for additions and repairs. Though my short 
stay in the country was not sufficient to satisfy me by ocu- 
lar proof that they added to their nest as they annually 
increased in numbers ; still, from the many trees which I 
have seen borne down by the weight, and others which I 
liave observed with their boughs completely covered over, 
it would appear that this is really the case. When the 
tree which is the support of this aSrial city is obliged to 
give way to the increase of weight, it is obvious that they 
are no longer protected, and are under the necessity of 
rebuilding in other trees. One of these deserted nests I 
had the curiosity to break down, to inform myself of the 
internal structure of it, and found it equally ingenious 
with that of the external. There are many entrances, 
each of which forms a regular street, with nests on both 
sides, at about two inches distance from each other. The 
grass with which they build is called the Boshman’s grass, 
and I believe the seed of it to be their principal food, 
though, on examining their nests, I found the wings and 
legs of different insects. From every appearance, the nest 
which I dissected had been inhabited for many years, and 
some parts of it were more complete than others. This, 
therefore, I conceive to amount nearly to a proof that the 
animals added to it at different times, as they found neces- 
sary, from the increase of the family, or rather of the na- 
tion or community.”^ 

The genus Pyrgita, Cuv., contains the sparrows proper- 
ly so called, of wduch the common house species (P. do- 
mestica) affords a familiar example. This bird is charac- 
teristic of the temperate and more northern parts of Eu- 
rope, and is scarcely known in Italy to the south of Pied- 
mont, being replaced by a closely-allied species, P. cisal* 
pina^ which is the Passer volgare of Italian authors. Al- 
though M. Temminck thinks that the manners of the lat- 
ter are less domestic than those of our more northern kind, 
and that its love of fields and country places ally it rather 
to the P. moniana^ we doubt not that all who have lived 
in Italy will be of a contrary opinion, — in agreement with 
the following beautiful passage by Professor Savi, which 
we shall not injure by translating. Sembra che quesf 
uccello non possa vivere se non con Tuomo. Eccetuate 
quelle region! alpestriove regnanoperpetuamente i ghiacci, 
in qualunque altro luogo in cui Puomo si h stabilito, la Pas- 
sera I’ha accompagnato ; e indifferente alia prospera, o con- 
traria fortuna, essa ha posta dimora nella dimora di lui. In 
riva delli stagni, in mezzo alia quiete de' boschi delle Ma- 
remme, sulJa povera ed umiie capanna d’un piscatore o 
d’un pecorajo, han domicilio le passere, le quali trovano 
il loro cibo nella sementa di grano del piccolo campo, ne* 
frutti deir orticello, nello scarso becchime gettato alle gal- 
line 0 a’ piccioni. E nel mode stesso voi le vedete nel cen- 
tre delle piu grandi e clamorose cittiL, porre il nido fra gli 
ornati d’mia grandiosa cattedrale, o si i tetti d'un giardin 
di delizia, e cercare le granella o miche di pane in mezzo 
alle piazze piu populate. Ma se Tuomo cessa d'abitare 
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is the well-known 

t.cn.t., umm ^laar ia civetta che abita fra U spacchi de* and o'ther islands; wher^'its natoal^pkmaLfefen^^l! 
mun vestit. d ellera e panetam, vedr^ la ballerina conti- breeds readily in confinement with ffe iK Snch 
nuare a fabbncam il nido, ma in vano egli la cercheri il vo- siskin, and other species. ’ ® ’ 

latile parasito dell Europeo, quella specie d’ucceUo che pri- The genus Vio6a, Cuv, contains some remarkable sne- 
cL^nll “e superava m quel luogo. cies, with the bill more inflated at the base than the me- 

stesso che una fi^ra geometrica vista sulla ceding, but chiefly characterized by the extreme elonga- 
sabbiafugiudicatad^naufraga Filosofb per un segno certo tion of the caudal plumage of the^ males. They inhabit 
della vicinanza dell uomo, per un tal segno ancora pu6 India and Africa, and were placed by Linnaeus among the 
ntenersi la presenza delle passere.”» In regard to our,own buntings. ^ i-wnaeus among tne 

CoccoTHRAUSTES, Cuv., Containing the 
Idsto giatnmai ne e state gross-beaks, has the bill very conical, but of extreme thick- 

fL to Temmin<*, the boundary ness at the base, and rapidly tapering to the point. The 

alirifj chain of the Alps, on the culmen is rounded, the commissure slightly ar^ed. The 

southern slopes of which it disappears in favour of the cis- species occur in America, as well as in tL ancient con- 
alpine kind. But it is our common British sparrow which tinents. The haw-finch (C. vufyaris,—Loxia coccoth/raus- 
occurs about Trieste, and through the north of Dalmatia, tes, Linn.) visits the southern parts of Britain occasional- 
although separated frorn the region of only by ly during winter, and is even said to have been found 

the waters of the Adriatic. “ Icostumi,” adds the Ita- breeding in Windsor Forest. It feeds upon the larger kinds 
lian author, di queste due specie sono precisamente gli of seeds and berries, which it is enabled to bruise and 
stessi. lo ho accuratamente ed in vatj tempi osservate break at pleasure, by means of the great strength of its 
le abitudini JF. domestica^ tanto in Svizzera che nel *“- v v .. 



ther less arched than m the sparrows, and a little stronger the bill pale yellow^ This newly-discovered bird inhabits 
and more lengthened than among the linnets. Cuvier in- the solitudes of the north-western interior, being met with 
eludes in it the chaffinch (F. coekhs), the mountain-finch or from the extremity of the Michigan territory to the Rocky 
brambling (F. montifringilla), and the snow-finch (F. m- Mountains, and it is not uncommon towards the upper end 
vahs). The latter is scarcely ever found except in the of Lake Superior and the borders of the Athabasca Lake, 
near vicinity of ice and snow, and may be regarded (in To the east of these regions it appears to be only a tran- 
common with Accenter alpinus) as the most' mountainous sient visitor during spring and autumn. Our homely and 
of all the smaller birds of Europe. Yet though wild and hieavy-headed green linnet (t7. chhris, Fleming), of which 
solitary in our estimation, from associating it with the the mature male is a rich and beautifully plumaged bird, 
dejplate scenery of the rock-surrounded glaciers, it is beau- belongs to our present genus. It is probable that the 
tiful to see how, in the neighbourhood of the lonely shep- Fringiila incerfa of Risso, figured by M. Roux (in his 
herd chalets of the Alps, it loves to humanise its feelings ; Ornithologk PTovengale)^ is nearly allied. It is one of the 


and how, among the few sad dwellings of the Mount Cenis, 
and other lofty passes, it perches on the roofs of houses, 
hops about the beaten foot-paths, and builds among dis- 
mantled yet protecting walls. In winter it seeks subal- 
pine regions, or the snow-covered valleys of Piedmont, but 
scarcely ever migrates to the lowest plains. It is unknown 
in Tuscany. 

In the genus Carduelis, Cuv., the bill is more exactly 
conic, without bulging in any portion, and is rather length- 
ened. We may name as an example, our beautiful, live- 
ly, and intelligent goldfinch ( C. elegants^ Steph., — F. car- 
duelis, Linn.), a bird widely distributed over Europe, and 
extending from the sultry shores of the Mediterranean to 
the plains of Siberia. It occurs in Holland only as a bird 
of passage. The siskin (F. spimii) is by some considered 
as a Carduelis, while others place it with the group which 
follows, viz. genus Linaria, Bechstein, in which the bill 
is equally conical, but not so long. Here we place our 
gray linnets and red-poles, among which the more or less 
decided crimson tinting of the breast and forehead, accord- 
ing to age and sefason, has occasioned some confusion. Our 
common or gray linnet (F. cannaUm^ Linn., — F* linota^ 
Gmel.) is, in the perfect nuptial plumage, synonymous with 
the rose-linnet and greater red-pole. Our lesser red-pole 
is the F. linaria of Linn. ; and the only other British spe- 
cies is the twyte or mountain-linnet, F. monlium^ GmeL, 
formerly regarded as a bird of passage, but now known to 
breed in the northern counties of Scotland, if not else- 
where in Britain. We have caught the young ones, half* 


rarest of the European birds, appearing occasionally du- 
ring the autumn in Provence, and likewise occurring in 
the vicinity of Palermo. ^ 

In the genus Pitylus, Cuv., are contained a few spe- 
cies (almost all, we believe, from South America), in which 
tlie bill, though thick, as in the preceding, is rather com- 
pressed, arched above, and has sometimes a projecting 
angle in the middle of the margin of the upper mandible. 
Such are the Loxia grossa^ PortcmcensiSy &c. 

In the genus Pyrrhula, in which the bill is shorter and 
greatly bulged, we have the bullfinches, of which our British 
species, P, vulgaris^ Teram., — L^pyrrhula^ Linn., is a well- 
known example. It is very generally distributed through- 
out our wooded districts, but is nowhere very abundant, 
and may be called scarce in several quarters of the island. 

In the genus Loxia of Brisson, as now restricted, the 
bill is compressed, and the two mandibles so curved and 
deflected, that when closed they cross each other. This 
extraordinary structure is supposed to afford the species 
great facility in stripping the scales from the well-protect- 
ed seeds of the various kinds of pine-trees. The cross- 
bills are few in number, and occur both in Europe and 
America. Their habits as breeding birds are little 
known, but the period of incubation must be very early, as 
Zr. ewrvirostra sometimes visits this country in small flocks 
as early as June. Temminck says, somewhat vaguely, in 
regard to the parrot-billed species {L, pytiop$tttaGus\ that 
it niche en hiver dans nos climats, sur les branches de 
sapin ; en Livonie lespece niche des les mois de Mais.’* 
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Insessores. Their chief haunts are probably within the arctic circle. Cayenne. In the genus Icterus the bill is arched, and Inwasoret 
In America they are believed to breed about Hudson’s does not extend upon the forehead except by a sharp ''—v'"-' 
Bay, being seen in the United States only from Septem- notch.i With the Icteri Cuvier coinbines the purple 
hpr tr. Anril It thus acoears, at all events, that they do grakle, or crow blackbird of America ( Quucalus versimlor 
Sthefe^;ed Lring& winter season. of Vieillot), between whmh and the fish-hawk a singular 

The great pine eross-beak {Loxia enuckator^ Linn,, by understanding seems to be kept up. Ihe nest of the Jat- 
some reo-arded as a bullfinch) may be here named as be- ter is of large dimensions, often from three to four feet in 
longing to the genus Corythus of Cuvier. It is a north- breadth, and from four to five feet high, composed exter- 
ern%ecies occurring in the colder regions both of Europe nally of large sticks or faggots, among the interstices of 
and America. Although Pennant mentions having met which several pair of crow blackbirds will construct their 
with it in the woods of Invercauld in the month of August, nests, while the hawk sits hatching over all. These birds 
we'are not aware of its having ever since been seen in are very injurious to the crops of Indian corn, and some- 
Scotland. collect in prodigious flocks, descending on the fields 

In the genus Colius, Gmelin, the bill is short, thick, like a blackening tempest. They occupy a great extent 
conical, somewhat compressed, both mandibles arched, and of territory, being widely spread from Hudson’s Buy to 
of nearly equal length. The feathers of the tail are long within the tropics. They are migratory in the colder 
and graduated, and the plumage, for the most part fine districts, and on their first arrival feed on insects as well 
and silky, is usually ash-coloured. The hind toe can as- as seeds.® According to Dr Richardson, their first appear- 
sume a forward direction, almost as in the] swifts. (See ance on the plains of the Saskatchewan is very striking. 

Plate VIII., figure 3.) The species are' found in In- They arrive from their southern winter quarters in the be- 
dia and Africa. Prior to the time of Vaillant, we knew ginning of May, the males and females in separate flocks 
little of their habits. They are now known to be grega- of from twenty to a hundred, which perch in crowds upon 
rious, endowed with but feeble powers of flight, but almost the leafless branches of the trees, their plumage shining 
as skilful as par^eets in climbing. They are not at all with metallic splendour. 

addicted to insect food ; but their love of fruits, and the The genus Xanthornus (Jes carouges) scarcely differs 
tender buds of trees, makes them very injurious wherever from the preceding, except that the bill is straight. Here 
land is under horticultural care. They not only dwell Cuvier places many of the American orioles, such as the 
together in society, but build their nests in little groups red-shouldered species ( 0. Linn.). These “red- 

upon the same thorny bush. They are moreover distin- winged starlings," as Wilson calls them, are generally mi- 
guished by a singular custom of sleeping close together, gratory in the states north of Maryland, but are found 
suspended head downwards from the branches. The spe- during winter in immense flocks along the lower parts of 
cies here represented (Plate VIIL, figure 2) is C. leu- Vir^nia, both Carolinas, Georgia, and Louisiana, particu- 
conotasy Lath. (C. erythropus, Grael,), supposed to be iden- larly near the sea-coast, and in the vicinity of large fields 
tical with C. capensis, Linn. of rice and corn. “ In the months of January and Febru- 

The genus Buphaga of Brisson has the bill square at ary, while passing through the former of these countries, I 
the base, and rather gibbous towards the point, which is was frequently entertained with tlie aerial evolutions of 
abbreviated. The species, only two in number, are insec- these great bodies of starlings. Sometimes they appeared 
tivorous, and have derived the name of beef-eaters from driving about like an enormous black cloud carried before 
their habit of picking larvae from the hides of the larger the wind, varying its shape every moment ; sometimes 
kinds of cattle, thus freeing them from noxious parasites, suddenly rising from the fields around me with a noise 
The South African species (B. Africdna, Linn.) was ob- like thunder ; while the glittering of innumerable wings of 
served by Vaillant in the country of the Namuquas in the brightest vermilion amid the black cloud they formed, 
small flocks. He found it shy, and difficult to be ap- produced on these occasions a very striking and splendid 
preached. The other species referred to this genus is the effect. Then descending like a torrent, and covering the 
erythrorkyncha of Temm.y common in the north-eastern branches of some detached grove, or clump of trees, the 
countries of Africa, where it follows caravans for the sake whole congregated multitude commenced one general con- 
of picking insects from the woolly backs of camels, and cert or chorus, that I have plainly distinguished at the 
other beasts of burden. It is singular, that although hi- distance of more than two miles; and when listened to at 
therto unknown in Southern Africa, it should have been the intermediate space of about a quarter of a mile, with a 
received from Madagascar. ^ slight breeze of wind to swell and soften the flow of its 

In the genus Cassicus of Cuv. the bill is much more cadences, was to me grand, and even sublime. The whole 
exactly conical, thick at the base, extremely sharp point- season of winter, that with most birds is past struggling to 
ed, the commissure forming an angulated line as in the sustain life in silent melancholy, is with the red-wings one 
starlings. These are American birds of gregarious habits, continued carnival. The profuse gleanings of the old rice, 
which feed both on fruits and insects, and frequently ex- corn, and buck-wheat fields, supply them with abundant 
hibit such surprising skill and ingenuity in the structure food, at once ready and nutritious ; and the intermediate 
of their nests, that an old lady once gravely asked an Arne- time is spent either in aerial manoeuvres, or in grand vocal 
rican Ornithologist whether he did not think they might be performances, as if solicitous to supply the absence of all 
taught to darn stockings. In the genus Cassicus pro- the tuneful summer tribes, and to cheer the dejected face 
perly so called, the base of the bill ascends upon the fore- of nature with their whole combined powers of harmony."® 

^ad, so as to encroach broadly upon the frontlet feathers. In this genus some have also placed the noted cow-pen 
Here are contained the largest species. The one we bird of Catesby (Icterus pecoris, Bon.; Emb^pecoriSy Wil- 
have figured (C cristaius^ Plate VIII,, figure 5) is from son), of which the most remarkable feature consists in its 


For a detailed classification of the Icteri of Brisson, see Mr Vigors’s « Sketches in Ornithology , Zoological Journaly No. vL 

confusion exists in the nomenclature of these birds, and of their congeners the troupials, hang-nest orioles, and other 
chiefly in consequence of the transposition of names. Almost every author has composed his groups of diflerent 
cies o of course has applied his designatipus Terentiy. The genus Quitcalus of Vieillot contains four well-ascertained spe- 
cies, Q. majovy oersKoloryferrugineuSy and baHtust 
American Ornithology^ voL i. p, I95, 
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Ingesaores. depositing, like our European cuckoo, its eggs in the nests the others. The produce of the latter, though often stifled, 
other birds. The circumstances by which Wilson first are sometimes reared along with the intruder. If the na- 
became acquainted with this peculiar habit are as follows, tural offspring die, they are found lying at some distance 
He had in numerous instances found in the nests of three from the nest, and not directly beneath it, which shows 
or four particular species, one egg much larger and dif- that they are carried out by the parents, and not heaved 
ferently marked from those beside it. He at length de- over by the giant intruder, as in the case of our European 
tected the female of this cow-bunting, as he calls it, in the cuckoo. When fully fledged, the cow-bird soon deserts 
act, that is, sitting in the nest of the red-eyed fly-catcher, his foster-parents, and skulks for a time about the woods, 
(her eyes might well be red, if she had ever fondly hoped till lie instinctively joins a few of his own blood, and then 
for a legitimate posterity), which happens to be a very he seeks his food more boldly (five or six together}, in the 
small one, and singularly^ constructed. Suspecting her fields and lanes.^ This bird measures about seven inches 
purpose (and truly her position was more than suspicious), in length. The head and neck are blackish-brown, the 
he cautiously withdrew without disturbing her, and had the rest black, glossed above with green,' and on the breast 
satisfaction to find on his return, that she had left an egg with violet. 

exactly like that just alluded to. He afterwards, in many The Baltimore oriole is another beautiful species of Ic- 
instances, found the young cow-bunting in the nest of these terus , — L BaMmorus. , The male is orange, with the head, 
and of other birds, and also observed the latter followed neck, upper part of the back, and greater portion of the 
by a foster child calling most clamorously for food. The wings, black. It winters in South America, but makes its 
cow-bird is gregarious and migratory, entering the middle appearance in the United States in spring, where its ar- 
and northern states about the end of March or beginning rival is hailed as the sure harbinger of warmth and sun- 
of April, and passing northwards as the season becomes shine. Full of life and activity, it is seen vaulting like a 
milder. It arrives in the fur-countries in May, ranges to fiery sylph among the boughs of lofty- trees, vanishing 
the sixtieth parallel, departs in September, and collects in^ with restless inquietude, and again flashing quickly into 
large flocks in Pennsylvania during the following months,' sight from amidst some wreath of waving foliage, showing 
after which it retires to winter in the more southern states like a living gem amid the green adornment of the leafy 
and Mexico-, Its food consists of grain, grass, and worms, forest. The most remarkable instinctive feature of this 
particularly certain intestinal ones, which it finds in the bird is displayed in the structure of its nest, which con- 
dung of cattle. The cow-bunting never pairs, and a state of sists of a pendulous cylindrical pouch of six or seven inches 
general concubinage seems to prevail amongst them. Bred in depth, usually suspended almost from the extremity of 
up as foundlings in the nests of other birds, and fed by some lofty drooping branch. The materials, according to 
foster parents, — owing their existence and preservation Wilson, are flax, hemp, cow-hair, and wool, woven into a 
to a system of cunning deception, and commencing their complete cloth, the. whole being tightly sewed through 
career by the destruction of the natural inmates of that and through with long horse-hairs, several of which mea- 
mossy dwelling in which they passed their own delusive sure two feet in length. The bottom is composed of thick 
infancy, — what hopes can here be cherished of the hallowed tufts of cow-hair, also sewed, and strengthened with strong 
growth of home auctions ? When the female is disposed horse-hair. - The materials, however, vary, and so solici- 
to iay, she appears restless and dejected, and separates tous is the bird to procm-e the best that can, be possibly 
hearself from the unregarding males, who care not for pos- obtained, that during the building season the women ini 
terity. Stealing through the woods and thickets, she pries the country are under the necessity of narrowly watching 
insidiously into every bush and branch for a nest that suits their thread when bleaching. 

her fancy, and into it she darts in absence of the owner, , The genus Oxyrhynchus, Temm., has the conical sharp- 
and in a few minutes is seen to rise upon the wing, re- pointed bill of the Icteri, but it is shorter than the head, 
lieved from all maternal care. If the egg be deposited Example, 0. cristatus, Swainson's lllustratimsy voL iii. pi. 
alone, that is, in a previously empty nest, it is almost uni- 49, — a Brazilian species. The genus Dacnis of Cuvier is 
formly forsaken ; but if the nursing mother has any of her formed by the MotadUa cay ana of Linn, 
own she immediately begins to sit. The red-eyed fly- The genus Sturnus, Linn., also resembles the Icteri ; 
catcher ( FiVeo o/imceiw) proves a most assiduous foster- but the. bill is depressed towards the extremity. There 
parent. In the beautiful basket-like nest of one of these are two European species, one of which, our common star- 
birds, Mr Nuttall found .an egg of each species, and the ling (JS, vulgciTis)^ is well known, in many parts of Britain, 
female fly-catcher already sitting. He removed her own and is remarkable for its gregarious habits, and singu- 
egg, and left that of the stranger. She soon returned, lar aerial movements. Its glossy black and purple plu- 
and, as if sensible of what had happened, gazed stead- mage, starred with little spots of white, render it a very 
fastly, shifted the egg, sat on it for a time, moved off, re- ornamental bird ; and the great facility with which it may 
newed her observation, and at length settled down upon be taught to speak makes it much sought after as a domes- 
her nest. Two or three days after, however, she was ticated species. /K inhabits Sardinia and the South 

found to have left the premises. Yet another bird for- of Europe. ^ . 

sook two eggs of her own, because that of the cow-bird Baron Cuvier concludes the conirostral tribe with three 
was taken away, — which proves that there is no account- well-marked groups, the crows, the rollers, and the birds 
ing for tastes. The blue bird, which exhibits a strong of paradise. _ ^ ^ y 

attachment to its breeding places, affords one of the few In the genus Corvus, Linn., the bill is strong, straight, 
examples of a species not refusing to lay after the stran- rather long, compressed towards the point, the nostrils 
geris egg has been first deposited. Mr Pickering observ- covered by stiff, reversed feathers. The plumage, though 
ed two nests of the blue-eyed yellow warbler, in which, generally dense and dark, is soft and lustrous, and the 
previous to their own laying, an egg of the cow-bird had species bear so great a resemblance to each other,. that, as 
been deposited, and finding themselves unable^ to eject it. Dr Macgilllvray observes, the most unpractised observer 
the warblers buried it in the bottom of the nest, by build- can scarcely fail to distinguish a crow. They alsa exhibit 
ing over it an additional story ! The egg of the cow-bird, corresponding instincts, being, if not shy, at least cunning 
perhaps from being larger, and coming thus into closer and watchful. They are omnivorous in the fullest sense 
contact with the body of its nurse, is sooner hatched than of the term, and will poke their beaks into every thing 
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In'^essores. they can find, from a boiled potato to a dead horse, 
v-^« When searching for food, they betake themselves to 
open places, walk in a sedate manner, keep a good look 
out, and on the least appearance of danger fly off to a dis- 
tance. Their flight is also sedate, moderately rapid, and 
performed by regular beats. Their cry varies from a 
hoarse croak to a caw or chatter, and some of them are 
musical. They nestle in high places, trees, towers, build- 
ings of various kinds, or rocks ; and produce from three to 
nine eggs, which are deposited very early in the season. 
They repose at night in similar places, and when alarmed 
by day generally take themselves to heights. Some spe- 
cies are gregarious, others unsocial, — the latter being the 
more carnivorous ; but even they are observed to associate 
together when a large quantity of food attracts them to a 
particular place. The sexes do not differ much in exter- 
nal appearance ; the male, however, being in general more 
robust, and having the plumage more glossy. Moulting 
takes place in the summer months, and is very gradual. 
Those which are more carnivorous have the faculty of dis- 
covering carrion at a great distance, in the same manner as 
the vultures, which they in some degree resemble in their 
habits. They are all easily tamed, and may be taught to 
imitate the human voice so far as to produce a few articu- 
late sounds. In a state of domestication they are much 
addicted to pilfering, their depredations not being confined 
to articles of food, but extending to objects in no respect 
xiseful to themselves.*^^ 

Five species of crow occur in Britain, all permanent 
dwellers, viz. the raven (C. c<yrax), the carrion-crow (O. 
corme), the hooded cYow (C. coThix\ the rook (C.frugi- 
legtis), and the jackdaw ( C. monedula). We shall not de- 
scribe the external aspect of these birds, which, we doubt 
not, are familiar to our readers. The raven in a state of 
nature is remarkable for his great cunning and sagacity, 
while in the domesticated condition he is extremely fro- 
licsome and full of humour. We have seen one that, while 
engaged in amusing himself with a poodle dog, and unable 
to keep pace with his four-footed play-fellow, would seize 
him by a lock of hair, and hold on tenaciously while the 
dog was careering at full gallop ; and his numerous devices, 
with a view to conceal the remnants of his own food, or 
appropriate that of others, were varied and unceasing. 
This species is widely spread over the temperate and north- 
ern parts of Europe and America, and in the minds of the 
ignorant is usually regarded with some degree of supersti- 
tious terror. In summer, when the sky is serene, he flies 
in circles in the higher regions of the clear blue sky, and 
his deep and solemn croak may be heard at a great dis- 
tance ; but he is. said to be sometimes also seen in the 
midst of thunder-storms, with the electric fire streaming 
from the point of his bill ! — ^an extraordinary phenomenon 
certainly (if true), sufiicient to terrify the superstitious, and 
to stamp its subject with the character of a restless and in- 
destructible demon. 

^ The carrion-crow, and the hooded species, are so like in 
size and structure, that it would be scarcely possible to 
distinguish them, but for the partially gray plumage of the 
latter ; and as a black and a gray crow are often seen to- 
gether, some naturalists incline to the belief that they are 
actually the same. Their geographical distribution, how- 
ever, seems to differ; the gray kind, though common in 
Britain and the continent^ countries of Europe, being 
unknown in America, where, at the same time, the car- 
rion-crow is described as identical with our own ; while, 
on th^ other hand, we find the latter extremely rare in 
the; north of Italy, where the hooded crow abounds. The 
jahkdaw and the rook seem unknown in the western world. 

The magpies (genus Pica, Cuv.) are of smaller dimen- 


sions than the crows properly so called, and their tails, fn- Insessores 
stead of being either round or square, are long and gra- 
duated. Their dispositions, however, are equally omnivo- 
rous, and they are distinguished by the same sly and fur- 
tive cunning. There is only a single European species, 
our common British kind {C.pica,^ Linn.), which occurs 
all over Europe, and is well known in North America, and 
some parts of Asia. Many beautiful species occur in Chi- 
na, and other eastern countries, such, for example, as the 
red-billed pie, P.erythrorliyncha, Gould. Its size exceeds 
that of our common kind, and the great length of its tail 
bestows upon it a still more slender and elegant aspect. 

The prevailing colours are blue, with bars of black and 
white. It is often kept in aviaries, where it is highly es- 
teemed, on account both of its docility and beauty. This 
species likewise inhabits the Himalaya Mountains, and 
there is reason to believe that it is fierce and tyrannical 
in a state of nature. Mr Shore States, that one which he 
kept in captivity, although it refused other food, pounced 
ferociously upon living birds, which were presented by way 
of experiment, and eagerly devoured them. When seen 
amid the foliage of trees, it forms an ornamental and con- 
spicuous object, flitting from bough to bough, its long and 
flowing tail waving in the wind, and its whole form full of 
vivacity and grace.® The Chinese magpie (jP. sinensis), 
made known by the researches of General Hardwicke, 
seems widely extended over tracts of land of very various 
<:harabter as to height and situation. It inhabits the higher 
portions of the Himalayas, the plains at the base of those 
mighty mountains, and a great part of the Chinese empire. 

The beautiful jays (genus Gabrulus, Cuv.) are very 
nearly allied to the magpies, but the tail is not so length- 
ened, and the culmen of the under mandible is rather more 
convex. Our British species ((?. garrulm) is one of the 
most ornamental of our indigenous birds. It dwells in 
woods, beyond the outskirts of which it seldom wanders. 

Its food consists of insects, fruits, and forest seeds. Spe- 
cies Cyf this little group are found in every quarter of the 
known world except New Holland. The blue jay of Ame- 
rica (G. cristaius, Plate VIIL, figure 4) is an almost 
universal inhabitant of the western woods, frequenting 
the thickest settlements, as well as the deepest recesses 
of the unpeopled forest, — where his harsh voice often 
alarms the watchful deer, to the mortification of the dis- 
appointed huntsman. This species is a bitter enemy to 
owls, one of which he no sooner discovers than he sum- 
mons the whole feathered fraternity to his assistance, and 
the united mob proceed to vent their indignant spite 
against the blinking solitary, in the most wrathful and un- 
measured manner. But this ja} himself cannot be held 
guiltless of the most owl-like depredations, — for he be- 
comes in his turn the very tyrant he detested, and sneaks 
through wood and thicket, plundering every nest his pok- 
ing bill can reach to, gobbling up the eggs, tearing the 
callow young to pieces, and spreading not only fear, but 
death, and sorrow, its sad concomitant, around him. An- 
other very ornamental species — 

Proud of cflerulean stains 
Prom heaven’s unsullied arch purloined, 

is that mentioned by Pallas as having been shot by Steller 
when Behring’s crew landed upon the coast of America. 

It is the CoTvm Stelleri of Latham, by whom it was first 
described from a specimen in Sir Joseph Banks’s collection 
from Nootka Sound. A larger and most magnificent bird 
is the Columbia jay (Garruhs Bulldkii, Wagler, — (?. gu* 
hernatrixy Temitt.), figured in Mr Audubon’s splendid work. 

The colour is bright blue, with a lofty crest of separate 
plumes, the throat and breast black, the abdomen whitish 


* MaegUlivray’s BrUUli Birds, i, 496 . 


* Century of Birds from the Himalaya Mountains, plate xli. 
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insessores, and two of the central tail-feathers extending far beyond 
^ the others. It occurs chiefly in Mexico and California.^ 

In the genus Caryocatactes, Cuv., both mandibles are 
equally pointed, and straight *to the tips. The only spe- 
cies known in Europe, called the nut-cracker (C. nizcifra- 
ga)y is an occasional visitant of Great Britain. Two others 
have of late years been discovered in Asia, one of which 
is figured by Mr Gould. They are all believed to inhabit 
forests, especially those of mountainous countries, whence 
at certain seasons they emigrate in large flocks. In their 
climbing tendencies tliey make an approach to the habits 
of the woodpeckers. 

The limited genus Temia, Vail., with the lengthened 
tail and general proportions of the magpies, has the bill 
elevated, the upper mandible bulged, and its base covered 
by short velvety feathers. Example, Corvus varians^ Lath. 
(Phenotrix temia^ Horsfield), of which the general plu- 
mage is bronzed green, the head black. It occurs in Java 
and elsewhere. 

In the genus Glaucopis, Forster, the bill resembles 
that of the preceding ; but its base bears a pair of fleshy 
caruncles. G. dnerea is the only^ known species. It is a 
native of New Zealand, and was discovered during Captain 
Cook’s voyage. Its flesh is excellent. It is the cinereous 
wattle-bird of Shaw. M. Temminck joins this and the 
preceding genus into one. 

In the genus Coracias, Linn., containing the rollers, 
the bill is strong, compressed towards the point, which is 
slightly curved, and the nostrils are oblong, not covered 
by the feathers, but placed at their margin. The feet are 
short and strong. These birds are confined to the ancient 
continents, and are remarkable for their beauty of plu- 
mage, of which the colours are usually different shades of 
purple, blue, and green. They are said to be wild and 
unsociable,, feeding on insects, and keeping themselves 
concealed in the retirement of thick forests. The Euro- 
pean species (Coracias garrula, Linn.) has been some- 
times seen in Britain. A specimen in the Edinburgh 
Museum was killed at Dunkeld. Although rare in France, 
it is by no means uncommon in Sweden, where we would 
not expect to find a species characteristic of the, south of 
Europe, and which is believed to winter in Bai^ry and 
Senegal. It is not unfrequent in the gardens of Home, 
and is common in the Morea. It becomes very fat in au- 
tumn, and is much sought after during that season as an 
article of food, especially by the inhabitants of the Cy- 
clades. Several other kinds occur in Africa and the East. 
Of these the Abyssinian species is distinguished by the 
elongation of the lateral feathers of the tail. The Mada- 
gascar roller, and some allied kinds, distinguished by a 
shorter, more arched, and greatly broader bill, belong to 
the genus Colaris, Cuv., synonymous with Eurystomus 
of M. Vieillot. 

The genus Paradisea, Linn., with which we conclude 
our abridgment of the conirostral tribe, contains the fa- 
mous birds of paradise, so noted during our early inter- 
course with eastern countries. The bill is straight, com- 
pressed, rather strong, unnotched, the nostrils surrounded 
by a close tissue pf feathers of a velvet texture, sometimes 
resplendent with metallic lustre. (See Plate VIII., 
fig. 8.) These birds are native to New Guinea and the 
neighbouring islands, and in consequence of the delicately 
graceful stnicture of their plumage, and the pure and beau- 
tifully blended colours by which they are adorned, the spe- 
cies in general may be regarded as the most highly prized 
of all the feathered race. Their history was long obscure 
as night, and even now we have but few features of their 
character developed' by the actual observation of trust- 
irarthy witnesses^ We cannot be here expected to throw 


any new light upon the subject ; but we shall give a por-Tnsessores. 
tion of the information which we have acquired from vari- 
ous authors. 

In the second edition of Pennant’s Indian Zoology y there 
is a general description of the genus from Valentyn and 
other writers, by Dr J. R. Forster, preceded by a learned 
disquisition on the fabulous phcenix of antiquity, a bird of 
the size of an eagle, decorated with gold and purple plumes, 
and more particularly described by Pliny as being charac- 
terized by the splendour of gold around the neck, with the 
rest of the body purple, the tail blue varied with rose- 
colour, the face adorned with combs or wattles, and the 
head furnished with a crest. This excellently adorned 
phcenix Dr Forster very properly supposes to have been 
no other than a symbolical Egyptian illustration of the 
annual revolution of the sun, and the conversion of the 
great year, which, according to Manilius, corresponds with 
the supposed life of the phcenix, and from which period 
the same course of seasons and position of the heavenly 
bodies are renewed. Now, though it- is certain, as Dr 
Forster observes, that the birds of paradise were never 
known to ancient writers, and that whatever the Egyp- 
tian priests delivered concerning their fabulous phcenix 
has no apparent agreement with the birds in question, yet 
it is remarkable enough that the names applied to them, 
both by Indian and European nations, attribute something 
of a supposed celestial origin. Dr Shaw, however, thinks 
that this notion has in all probability arisen merely from 
their transcendent beauty, and the singular and delicate 
disposition of their plumage. The Portuguese who navi- 
gated to the Indian islands called them Passaros da Sol, 
in like manner as the Egyptians regarded their imaginary 
bird as symbolizing the annual revolution of that great 
luminary. The inhabitants of the island of Ternate call 
them Manuco-D^wata, or the Birds of God.^ 

The great bird of paradise (Paradisea apodoy Linn., 
so called from its suj^osed want of legs), the first of the 
genus made known to Europeans, was imported about the 
year 1522, by Antony Pigafetta, who accompanied Ma- 
gellan in his voyage round the world. Pigafetta was sa- 
tisfied by ocular demonstration from the first, that this 
bird, like every other^ was supplied with legs, but that the 
natives cut them off, as parts of no importance. In con- 
sequence, however, of this prevailing if hot universal mu- 
tilation, a notion soon obtained in Europe that the bird 
was naturally destitute of these common-place but useful 
organs, and that consequently it floated for ever in the air, 
winnowing with loving wings the gentle breezes, or at times 
suspending itself for a few brief moments from some lofty 
sun-illumined tree, by the two peculiar lengthened filaments 
with which it is adorned. In accordance with this belief, 
it was of course consistent to suppose, that whatever indi- 
viduals were obtained “ on this dim spot which men call 
earth,” had fallen from their aerial heights immediately be- 
fore their dissolution. Even Aldrovandus, the most zeal- 
ous naturalist of his age, having himself seen only such 
specimens ns had been mutilated in the usual manner^ ac- 
cuses Pigafetta of audacious falsehood in asserting that 
the birdVas naturally furnished both with legs atid feet ; 
and the grfeat Scaliger, himself a naturalist of no mean or- 
der, gave equal credit to this foolish fancy. 

The true residence or- breeding-place of these birds 
seems to be Papua or New Guinea, from whence they 
make occasional excursions to some smaller neighbouring 
islands. They fly in flocks of about thitty of forty, led, it 
is alleged, by a single bird which the natives call their 
king, but which: is said to be of a different species. It is 
further pretended, that when this bird settles, the whole 
flight settle also, in consequence of which they sometimes 


T?te Birds of America^ plate xcri. 


* Shaw’s General Zoology y vol. vii. p. 479. 
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Inse8sores.perisi, being unable to rise again owing to the peculiar 
'structure of their wings. They also always fly against 
the wind, lest their flowing plumage should be discom- 
posed. While flying they make a noise like starlings, 
but their common cry rather resembles that of a raven, 
and is very audible in windy weather, when they dread the 
chance of being thrown upon the ground. In the Aru 
Islands they are seen to perch on lofty trees, and are va- 
riously captured by the inhabitants, with bird-lime, snares, 
and blunted arrows. Though many are taken alive, they 
are always killed immediately, embowelled, the feet cut 
off, the plumed skins fumigated with sulphur, and then dried 
for sale. The Dutch ships frequenting the sea between 
New Guinea and Aru, a distance of about twenty miles, 
not unfrequently observe flocks of paradise birds crossing 
from one to the other of these places, but constantly against 
the wind. Should a gale arise, they ascend to a great 
height, into the regions of perpetual calm, and there pur- 
sue their journey. With respect to their food we have 
little certain information from the older authors, some of 
whom assert they prey on small birds, a supposition which 
Dr Shaw inclines to think is favoured by their strength of 
bill and legs, and the vigour with which they act in self- 
defence. They are also said to feed on fruits and berries ; 
and Linnaeus says they devour the larger butterflies.^ 

We owe the following observations to M. Gaimard, one of 
the naturalists who accompanied the expedition of Cap- 
tain Freycinet, and who having had an opportunity of seeing 
several living birds of paradise in the island of Waigiou, 
has furnished us with some interesting details. He says that 
they appear to prefer to all other places the most dense and 
secluded portions of the forests. When the heavens are 
clear, they perch habitually on the summits of the tallest 
trees. They fly with rapidity, but in an undulating man- 
ner, as is usual with birds which are adorned with long 
decomposed or disunited feathers ; and he confirms the 
old account, that the luxuriant length of their superb plu- 
mage induces them always to fly in the direction from which 
the wind proceeds. Cette manoeuvre," he observes, est 
pour eux tres-naturelle, puisqu’elle maintient les longues 
plumes appliqu6es contre le corps j dans une direction con- 
traire, le vent ne manquerait pas d’etaler et de relever ces 
plumes, et il en r^sulterait n^cessairement un grand em- 
barras dans le jeu des ailes.’^ Their total disappearance 
on the approach of any storm or tempest shows their con- 
scious weakness. In other respects, however, they are 
courageous, and even vindictive, pursuing fiercely any sup- 
posed enemy, however superior to themselves in strength 
of bill and talons. There is no instance, Captain Freycinet 
supposes (we now know he does so erroneously), of their 
being ever reduced to the domestic state ; and they are 
never found caged by any natives of the Papous, where 
they are by no means rare, and where their skins form the 
principal object of commercial exchange between the in- 
sular inhabitants and the Chinese Indians or eastern Euro- 
peans. Authors (we speak not of those who assert that birds 
of paradise are nourished by dew, or by the perfume which 
exhales from fruits and flowers) have assigned different 
diets to these birds. Some say that they search for fruits 
and nectarous juices ; others that they capture insects, 
and such small prey. There is truth in both statements, 
for it seems ascertained that they feed alike on fruits and 
insects. As to all those anxious interesting cares which 
precede, accompany, or follow incubation, — ^these and many 
other important particulars in their history are still un- 
known. The natives of New Guinea, in preparing the 
skins, content themselves by removing the fleshy mass of 
the body, and cutting off the two wings and legs. They 
then pass a piece of stick through the mouth downwards 


to the tail. Few of the museums of Europe contain anyinsessorei 
other specimens than these mutilated remains, which the'^ 
gorgeous fliowing feathers of the sides render still worthy 
of admiration, however unfit to convey a true idea of the 
natural state. 

We shall next extract some interesting information from 
a work by M. Lesson, one of the few European naturalists 
who have had an opportunity of beholding these extraordi- 
nary creatures in their native haunts. “ Les paradisiers 
ou du moins Temeraude, seule espece sur laquelle nous pos- 
s^dons des renseignemens authentiques, vivent en bandes 
dans les vastes forets du pays des Papous, group d'iles 
situ^es sous T^quateur, et qui se compose des iles Arou, 
de Waigiou, et de la grande terre nomm^e Nouvelle-Gui- 
nee. Ces sont des oiseaux de passage qui changent de dis- 
trict suivant les moussons. Les femelles se reunissent en 
troupes, s’assemblent sur les sommit^s des plus grands ar- 
bres des forets, orient toutes a la fois pour appeler les 
mdles. Ceux-ci sont toujours solitaires au milieu d’une 
quinzaine de femelles qui composent leur serail, a la ma- 
ni^re des gallinac§es. 

“ J’extrairai de mon journal inedit les details suivans, 
relatifs aux oiseaux de paradis : ils ont ^te 6crits sur les 
lieux. Journal t. vi. p. 19 et suiv. Les oiseaux de 
paradisy d fexception de deux especes, nous €taient ap- 
port^s par les Papous, ce qui etablit entre eux et nous un 
commerce actif d'^change. Je me procurai T^m^raude, le 
manucode, le loriot paradis orang6, le sifilet, le superbe, 
les 6pimaques promefils, et k paremens frisks, le magni- 
fique, et le rouge.. La quantite que les naturels de ces con- 
tr6es apportaient k bord de la corvette la Coquille doit 
faire supposer que ces oiseaux, si estimis en Europe, y sont 
singuliferement multiplies. Le manucode se prSsentadeux 
fois dans nos chasses, et nous tuames le mdle et la femelle. 

Cette espece parait monogame, ou peut-Stre n'est elle iso- 
lle par paires qu’au moment de la ponte. Dans les bois cet 
oiseau n'a point d’eclat ; son plumage rouge de feu ne le dS- 
clle point, et sa femelle n’a que des teintes ternes. II aime d 
se tenir sur lesarbres de teck, dont le large feuillage fabrite, 
et dont le petit fruit forme sa nourriture. II a Tiris brun, 
et les pieds d^un bleu d'azur tres tendre. Les Papous le 
nomment sapa* Des les premiers jours de notre arrivee 
sur cette terre de promission (la Nouvelle-Guin6e) pour 
le naturaliste, je fus d la chasse. A peine avais-je fait 
quelques centaines de pas dans ces vieilles forets, flllcs du 
temps, dont la sombre profondeur est peut-dtre le plus 
magnifique et le plus pompeux spectacle que j*aie jamais 
vu, qu’un oiseau de paradis frappa mes regards ; il volait 
avec grdee et par ondulations ; les plumes de ses flancs 
forrnaient un panache gracieux et aerien, qui, sans hyper- 
bole, ne ressemblait pas mal d un brillant mk6ore. Sur- 
pris, 4merveill4, 6prouvant une jouissance inexprimable, je 
ddvorais des yeux ce magnifique oiseau; maismon trouble 
fut si grand que j’oubliai de le tirer, et que je ne m'aper- 
9us que j’avais un fusil que lorsqu’il 6tait d^jd bien loin. 

On ne pourrait guere avoir une id4e exacte des paradis 
d’apres les peaux que les Papous vendent aux Malais, et 
qui nous parviennent en Europe. Ces peuples chasserent 
primitivement ces oiseaux pour d6corer les turbans de leur 
chefs. Ils les nomment mambifore dans leur langue, et 
les tuent pendant la nuit, en grimpant le long des arbres 
ou ilsse couchent, et les tirant avec des fleches faites expris 
et trescourtes, quails fa 9 onnent avec le rachis des feuilles 
d’un latanier. Les campongs ou villages de Mappia et 
k^JEmherhdkkne sont celebres par la quantity des oiseaux 
quails preparent, et tout Tart des habitans se borne d leur 
arracher les pieds, d les ecorcher, d leur fourrer un bd- 
tonnet a travers du corps, et d les dessecher d la fumee- 
Quelques uns plus adroits, ec sollicit^s par les trafiquans 


‘ Shaw’s General Zoology^ voL vii. p. 482-4. 
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Insessores. Chinois,les dessechent avec les pieds. Leprix d'un oiseau 
de paradis chez les Papous de la c&te est au moins d*une 
piastre, et ces peuples pr6ferent Targent d tout autre objet, 
mime d du fer travaille. 

Nous tuames, pendant notre sejour a la Nouvelle- 
Guinie, une vingtaine de ces oiseaux, que je preparai 
pour la plupart. Ils appartenaient d di verses personnes de 
Fexpidition, et notamment au capitaine. Je n'en avals 
point encore, lorsque M. Berard, lieutenant de vaisseau, 
zele pour les collections que je formais en simple particu- 
lier, et a mes^ frais, pour le Museum, et pour remplir la 
promesse que j’avais iaite au ministere, en m’embar quant, 
de recueiliir les objets d’histoire naturelle, voulut bien 
m’en remettre un pour la collection. Depuis, j'en achetai 
un second d'un homme de Tequipage, que je lui payai 
150 francs. J*en tuai ensuite un avec un grand nombre 
de femelles : on les voit au Museum. 

Uirairaude en vie est de la taille du geai de France ; 
son bee et ses pieds sont bleudtres ; Tiris est d’un jaune 
iciatant; ses mouvemens sont vifs et agiles; il ne se 
perche communiment que sur le sommet des plus grands 
arbres. Lorsqu*il en descend, e’est pour manger les fruits 
de quelques arbres moyens, ou lorsque le soleil, danstoute 
sa force, lui fait un besoin de chercher de Tombrage. II 
aflFectionne certains arbres, et fait retentir les environs de 
sa voix perqante. Son cri lui devint fatal, parce qu’il 
nous indiqua les allures de cet oiseau. Nous Tepiames, 
et e’est ainsi que nous parvimes a en tuer; car, lors- 
qu’un paradisier male est perchi, et qu’il entend bruiser 
dans le silence de la foret, il se tait et ne bouge plus. Son 
cri d’appel est un voike^ voike^ voike^ voiko^ fortement arti- 
culi. La femelle a le meme cri, mais elle le pousse d'une 
maniire bien plus faible* Celle-ci, dechue du brillant 
plumage de son ipoux n’a que de sombres atours. Nous 
en rencontrions k chaque arbre des vingtaines riunies, 
tandis que les miles, toujours solitaires, n’apparaissaient 
que rarement. 

C’est au lever du soleil et a son coucher que Poiseau 
de paradis va chercher sa nourriture. Dans le milieu du 
jour, il se tient cache sous le large feuillage du teck, et n’en 
sort point. Il semble redouter Taction des rayons brdlans 
de cet astre, et ne point vouloir s’exposer aux atteintes 
d'un rival. Nous appriraes, par une longue experience, k 
imiter la ruse de ce bel oiseau ; mais le zile des tuemrs de 
paradisiers 6tait si grand que personne ne voulait tirer sur 
aucun autre oiseau de peur de les effaroucher, et que, re- 
duit k peu pr^s k mes seules ressources, le tribut que 
quelques personnes me donnaient de leur chasse fut bien 
diminui ; plus curieux, dans Tinterit de la science, d’un petit 
volatile in6dit, que de possider plus ou moins de d6pouilles 
d’une espice connue, bien que prisee, je ne guettai des 
paradis que pendant quelques jours, et tuai d'ailleurs toute 
espece qui arrivait i ma portee. 

“ Pour chasser les oiseaux de paradis, les voyageurs 
appel^s k visiter la Nouvelle-Guinfee doivent se rappeler 
qu’il est necessaire de partir des le matin du navire, dri- 
ver au pied de Tarbre de teck ou du figuier, que ces oiseaux 
recherchent k cause de leur fruit (notre s§jour a eu lieu 
du 26 Juillet au 9 Aout), avant quatre heures et de- 
mie du matin, et de rester immobile jusqu^a que quelques 
males, press6s par la faim, viennent sur les branches qu’on 
aura jug6 a distance convenable. Il est indispensable de 
poss6der un fusil k tres longue portee, et charge a gros 
plombs, car il est fort difficile de tuer roide un emeraude^ 
et s’il n’est que bless5, il est bien rare qu’il ne soit pas 
perdu pour le chasseur, dans des fourrees tellement 
^paisses, qu’on ne peut y reconnaitre son chemin sans une 
boussole. 

Le paradisier petit 4mSraude mange sans doute de 


plusieurs substances dans son etat de liberty. Je puis Insessore*. 
affirmer qu’il vit de graines de teck, et d’un fruit nomme^'— 
amikouy blanc ros6, die saveur fade et mucilagineuse, de la 
grosseur d'une petite figue d’Europe, et qui appartient k 
un arbre du genre Jicus, Ces fruits plaisent a beaucoup 
d’oiseaux, car ils sont aussi recherch^s par lescahos^ les 
manucodes^ et les cassicans caliM et phonygame, 

** J’ai vu deux oiseaux de paradis conserves dans une 
cage, depuis plus de six mois, parle chef des commerfans 
Chinois, a Amboine. Ils 6taient toujours en mouvement, 
et on les nourrissait avec du ria bouilli; mais ils aimaient 
surtout les cancrelas (blatCa). Ce Chinois me les fit 500 
francs piece ; alors, sans argent, et n^ayant point de credit 
dans Cette ile, je ne pus r6clamer ma solde, et ce fut en 
vain que j'ofiris des objets de valeur a ce trafiquant opu- 
lent, il fut sourd a mes pridres. Pourquoi, sur Targent 
que nous possedions k bord, pour frais accidentels, et 
qu*on a retourne k Paris, ne pas avoir achetl, pour le 
destiner a la France, un de ces magnifiques oiseaux, 
qui serait peut-^tre mort en route, mais dont les habitudes 
vivaces, et analogues a celles de nos pies, nous donnaient 
tant de chances de succes 

We shall conclude bur miscellaneous extracts in illus- 
tration of these birds, by a quotation from a recent English 
writer. The principal object of attraction to strangers at 
Macao used to be the splendid aviary and gardens of 
Mr Beale, who, after a residence of forty years in that 
country, devoted his leisure to the cultivation of many of 
the most delightful productions of nature, and among these 
not the least remarkable was the bird of paradise, as 
thus described by Mr Bennet. “ The specimen in the 
possession of Mr Beale is a fine male, Paradisea apoda of 
Linnaeus, the P* meyor of Shaw. He was at the time I 
beheld him arrayed in his full and splendid plumage ; he 
is enclosed in a large and roomy cage, so as not by con- 
finement to injure in the slightest degree his delicate and 
elegant feathers. This beautiful creature has been in 
Mr Beale's possession nine years, and was originally 
procured from the island of Bouro (one of the Molucca 
group), which is situated in about latitude 3® 30^ south, 
and longitude 126® 30' east.,.. The neck of this bird is of 
a beautiful and delicate canary-yellow colour, blend- 
ing gradually into the fine chocolate colour of the other 
parts of the body ; the wings are very short, and of a cho- 
colate colour. Underneath them, long, delicate, and 
gold-coloured feathers proceed from the sides in two 
beautiful and graceful tufts, extending far beyond the 
tail, which is also short, of a chocolate colour, with two 
very long shafts of the same hue proceeding from the 
uripigium. At the base of the mandibles the delicate 
plumage has during one time (according as the rays of 
light are thrown upon it) the appearance of fine black 
velvet, and at another a very dark green, which contrasts 
admirably with the bright emerald of the throat.... The 
mandibles are of a light blue, irides bright yellow, and the 
feet of a lilac tint. This elegant creature has a light, 
playful, and graceful manner, with an arch and impudent ‘ 
look ; dances about when a visitor approaches the cage, and , 
seems delighted at being made an object of admiration ; 
its notes are very peculiar, resembling the cawing of the 
raven, but its tones are by far more varied. During four 
months of the year, from May to August, it moults. It 
washes itself regularly twice daily, and after having per- 
formed its ablutions, throws its delicate feathers up nearly 
over the head, the quills of which feathers have a peculiar 
structure, so as to enable the bird to effect this object. 

Its food, during confinement, is boiled rice mixed up with 
soft egg, together with plantains, and living insects of the 
grasshopper tribe ; these insects, when thrown to him, 
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Iiisessores. (;|]0 bird contrives to catch in his beak with great celerity ; 

it will eat insects in a living state, but will not touch them 
when dead, 

« I observed the bird, previously to eating a grasshopper 
given him in an entire or unmutilated state, place the in- 
sect upon the perch, keep it firmly fixed with the claws, 
and divesting it of the legs, wings, &c. devour it, with the 

head always placed first It rarely alights upon the 

ground, and so proud is this creature of its elegant dress, 
that it never permits a soil to remain on it 5 and it may be 
frequently seen spreading out its wings and feathers, and 
regarding its splendid self in every direction, to observe 
whether it is in an unsullied condition/*^ 

Dr Shaw alludes to an instance of the bird of paradise 
having been brought alive to England. It had, however, 
entirely lost the beautiful floating feathers which render its 
body apparently so light and buoyant, and did not long sur- 
vive its arrival in our murky clime. 

Although there are not above seven distinct species of 
these birds, they have been formed into no less than four 
separate genera "by M. Vieillot. The most anciently known 
IS the kind called in English books the great or common 
bird of paradise, Vemiraude of the French, P. apoda^ Linn, 
to which most of the preceding memoranda may apply. 
(See Plate VIIL, figure 6.) It is of a cinnamon colour, 
the upper part of the head and neck yellow, the front and 
throat emerald green, or black. It is the male of this 
species which bears the long, floating, yellow plumes so 
prized as articles of commerce, with a view to ornament 
in dress. Although the body is no larger than that of a 
thrush, the total length is two feet. In the red paradise 
bird (P. rubra) the head and throat are emerald-green, 
the back and front of the neck orange yellow and velvety, 
the throat chesnut or cinnamon colour, arid the long fea- 
thers of the flanks brilliant carmine red. The two pecu- 
liar barbless shafts which proceed from the base of the tail, 
are broad, flattened, twisted, and of a brownish-red colour. 
These belong to the restricted genus Paradisea. 

The six-shafled paradise bird (P. sexseiacea^ Shaw, — 
P. aurea, Gmel.) is black, with the throat of golden green, 

' and three prolonged setaceous feathers proceeding from 
behind each eye, and terminating in a little expanded disk 
of golden green. It forms the genus Paroti a of Vieillot. 
We shall merely add, that P.superha constitutes the genus 
Lophorina, — P, regia that called Cicinnurus, — and P. 
nigra^ Gmel., another named Astrapia. The whole are 
figured by Buffon, Vaillant, or Vieillot, and their singular 
forms, gorgeous colouring, and exquisite structure of plu- 
mage, render them deserving of the most attentive con- 
sideration on the part of all admirers of nature. 

Tribe 4th. — Tencirostbes* 

Baron Cuvier here places a variety of generic groups 
which agree chiefly in possessing a slender lengthened bill, 
sometimes Straight, sometimes considerably curved. Ac- 
cording to the structure of the tongue, which in several 
genera is not yet distinctly known, they feed either on in- 
sects or the nectarous juices of fruits and flowers, — a few, 
such as the humming-birds, combining both these habits. 

In the genus Sitta the bill is straight, pointed, com- 
pressed at the extremity, and the tongue short and corne- 
ous. The species called nuUhaicJtes climb along the bark 
of trees with extraordinary facility, not only upwards, like 
the woodpeckers, but downwards, and in all directions. 
The European species {S. Europea), though a constant re- 
sident in Britain, is rather rare in most localities. It breeds 
in hollow trees, not seldom using the deserted habitation 
of a woodpecker, the opening into which it contracts by 


means of a wall of clay. The female sits very close during Insessores 
incubation, and instead of flying off when approached, 
will utter a hissing sound, and make a show of striking 
at the intruder with her bill and wings. Sir W. Jardine 
some years ago enjoyed an opportunity of observing a brood 
w^hich had been taken young. They became remarkably 
tame, and when released from their cage, would run over 
their owner in all directions, poking into seams and pockets, 
as if in search of food upon some goodly tree, and uttering 
from time to time a low and plaintive cry. In climbing, 
they rest much upon the tarsus, but never use the tail. 

Several true nut-hatches occur in North America, but Pen- 
nant erred in supposing that the European species was 
likewise indigenous to the new world. 

In the genus Xenops of Illiger, the bill is rather more 
compressed, and the under ridge more convex, while in 
Anabates of Temm. it is the upper ridge which increases 
in convexity, so as to approach to that of the thrushes ; but 
the tail in some of the species is long and wedge-shaped, 
and exhibits a worn appearance, as if it were occasionally 
used in climbing. 

In the genus Synallaxis, Vieil., the bill is straight, not 
much lengthened, considerably compressed, slender and 
pointed, and the tail is generally long and acuminate. (See 
Plate VIIL, figure 7.) We know little of the habits of 
these birds, except that they are insectivorous, and dwell 
in forests. Most of the species are from South America, 
and to these it is probable that the generic term should 
be restricted. 

The old genus Certhia of Linnaeus was characterized 
by an arched bill, but the species possessed but little else 
in common, and have been therefore formed into several 


minor groups. The true or restricted creepers (Certhia, 
Cuv.), so called from their habit of running round the trunks 
of trees, have the bill of medium length, curved, compress- 
ed, slender, sharp pointed. The tail is wedge-shaped, and 
composed of stiff, deflected feathers. Our well-known Bri- 
tish species (^Cffamiliaris) is the only example of the ge- 
nus found in Europe, and it is in fact doubtful whether 
there is any other elsewhere. The North American creeper 
seems identical, but the numerous other birds described 
as creepers do not belong to the genus Certlria. The so- 
litary type alluded to is a retired inhabitant of the woods, 
in no way conspicuous in colour, though pleasingly mottled 
above with black, brown, and grayish white ; and being of 
small size, and seldom showing itself in open places, is 
deemed rarer than it really is. Though of a somewhat 
lengthened form, it is probably, with the exception of the 
golden-crested wren, the smallest bodied British bird. It 
is said to feed entirely upon insects, although as a winter 
resident in many frost-bound regions, we shall not aver 
that it never swallows seeds. It builds in the hollows of 
trees, and maybe often seen during the delightful autumn, 
when the rustling woods are fragrant with fallen leaves, 
flitting from the top of one trunk to the bottom of another, 
which it ascends by a kind of spiral progression, and then 
darting downwards to a neighbouring tree, it thus busily 
pursues from time to time its interrupted flight. This bird 
chiefly shows itself in our shrubberies and wooded plea- 
sure-grounds in winter. 

In die genus Dendrocolaptes, Hermann, the tail re- 
sembles that of the preceding, but, the bill is much stronger, 
and enlar^d at the base. In certain species it is greatly 
curved. (Plate VIII., figure 9.) These birds are Ame- 
rican, and are usually characterized by a reddish plumage. 
In Tichodroma, Illiger, the tail does not present a worn 
appearance at the point, although the best known, if not 
the only species, runs up rocks with great agility. The 
bill is long, slender, triangular, and depressed at the base* 


* Wanderings in Nete South Wala^ &C. vol xL 
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Insessores. Tiie European species, called by us the wall-creeper (71 
phoenicoptera^ Temm,, — Certhia muraria^ Gmel.), inhabits 
the southern countries of Europe, where it dwells among 
lofty and precipitous rocks. It is well known among the 
Swiss Alps, and the mountainous parts of Spain and Italy, 
where it is said to prey much on spiders and their eggs. 

In the genus Nectarinia of Illiger, the bill is arched, 
pointed, and compressed, resembling that of the creepers, 
with which the species were so long conjoined ; but they 
do not climb, and their habits, if the name is properly 
applied, are not so much insectivorous as honey-sucking. 
They are all exotic. The term guit-guit is given by the 
French to certain small species, of which the plumage of 
the males is very rich and lustrous. Their tongue is bifid 
and filamentary. Such are Certhia cyanea, cerulea^ &c. 
Some species of larger size and less adorned plumage, and 
of which the tongue is short and cartilaginous, have been 
separated from the others. Such is a South American 
species, the Merops rufus of Gmelin, as large as a night- 
ingale, of a reddish colour above, the throat whitish. It 
constructs a covered nest, and serves as the type of Tem- 
minck's genus Opetioehynchus.^ 

The genus DiciEUM of Cuv. has the bill longer than the 
head, sharp, curved, depressed, and broadened at the 
base. The species are of small size, and usually ornament- 
ed with portions of scarlet. They are natives of the East 
Indies. In Melithreptus of Vieillot, the bill is extreme- 
ly long, and curved almost into a semicircle- Of this form 
the hook-billed creeper, Certhia mstiaria, Shaw, affords a 
good example. (Plate IX., figure 2.) It is a native of 
the Sandwich Islands, where it is much valued on account 
of its plumage, which affords the principal material in the 
formation of those gorgeous scarlet mantles worn by chiefs 
and persons of distinction. 

The souimangas (a Madagascar name, signifying sugar 
eaters, genus Cinnybis, Cuv.) have the bill Iqng, slender, 
and finely toothed along the edges. The tongue is capa- 
ble of considerable extension, and terminates in a small 
bifurcation. The species are widely dispersed over all the 
southern regions of the old world (Africa, the Indian 
Archipelago, &c.), and seem in those countries to represent 
the beautiful humming-birds of the western world. Indeed 
these tribes greatly resemble each other both in form and 
habits. • The souimangas are subject to a double moult, 
which occasions a considerable diversity in the plumage 
even of the same species, according to the season of the 
year ; and hence our knowledge of this, as of several other 
sumptuous groups, though sufficiently voluminous, is pro- 
bably not yet remarkable for its accuracy. Several splen- 
did works, however, have been devoted, either in whole or 
in part, to its illustration,^ The nuptial plumage is remark- 
able for its golden lustre, and the richness and variety of 
its innumerable iridescent hues ; but after the termina- 
tion of the breeding season, a much more humble garb is 
assumed, and many a bizarre appearance is presented by 
the intermediate links of that changeable costume which 
connects the holiday-suit of spring with the more quaker- 
like attire of autumn. Hence the difficulty of distinguish- 
ing in many birds, between a specific difference and an in- 
dividual variation, more especially where foreign species 
are concerned ; for in such instances we have seldom a 
prolonged opportunity of verifying our observations on ex- 
ternal characters, by an examination of natural habits and 
instinctive modes of life. Yet it is only by ascertaining 


the uniformity presented by all these circumstances in a insessores. 
variety of individuals, that we are enabled to trace out the ^ 
exact limits of specific identity. Several species of Cinnyris 
occur in India, but the greater proportion are of African 
origin, and may be said to form the most signal and ad- 
mired feature in the Ornithology of that country. 

In the greater number the tail is equal. Of these we may 
name the superb creeper ( C.superb(0, described and figured 
in the magificent work of M. Vieillot. Its length is six 
inches ; the crown of the head, upper part of the neck, 
smaller wing-coverts, back, and nimp, are bright-greenish 
gold ; across the upper part of the breast runs a bar of 
bright gilded yellow, beneath which the whole under parts 
are deep brownish crimson ; the wings and tail are blackish 
brown, the legs are also brown, the bill is black. This 
beautiful species was discovered at Malimba, in Africa, by 
M. Perrein. Another highly adorned species, such “ as 
limners love to paint, and ladies to look upon,^’ is the 
Certhia splmdida of Shaw ( C. afra and lotenia, Linn. ?). 

It usually occurs in woody places, and, in addition to its 
splendid plumage, is said to be worthy of admiration for its 
musical powers, — its song being by some esteemed equal 
to that of the nightingale. The spotted breasted Cinnyris 
(C. maculata) also dwells in the forests of Malimba, and 
frequently approaches the habitations of the natives, al- 
lured by the flowers of the Cy tisus cajan, commonly called 
the Congo pea, which, according to Dr Shaw, is much cul- 
tivated by tlie negroes. 

In some of these birds the central feathers of the tail are 
.engthened in the males. Such is <7. violacea^ a Cape spe- 
cies, which likewise dwells in woods, and is said to build a 
nest of a singularly elegant construction. In a few the 
bill is almost straight, as in C, rectirostris^ Vieillot Our 
restricted limits will not admit of our expatiating on this 
delightful group. 

The genus Arachkothera of Temm. has the long ar- 
cuated bill of the souimangas, but it is of stronger struc- 
ture, and wants the dentations, and the tongue is short and 
cartilaginous. The species (such as A. longirostra and 
inomata, Temm. PL CoL 84i, figs. 1 and 2), so far as yet 
known, inhabit the Indian islands, and prey on spiders. 

The genus Trochilus, Linn., contains the true hum- 
ming-birds, a numerous group of fairy and fantastic forms, 
which inhabit both continents of America, and some neigh- 
bouring islands, but are altogether unknown in the ancient 
world. The bill is long and slender, but in its range 
throughout the entire species exhibits considerable modi- 
fication, being in some nearly straight, in others curved, 
and in a few turned upwards. Such as are characterized 
by an almost straight bill constitute the genus Ornismya, 

'Lesson {Orihorhynchus, Lacepede), Plate IX., figure 
1 ; while those in which it is more or less bent remain 
under the ancient name of Trochilus, Ibid, fig. 6. The 
tongue is long and extensile, and is usually described as 
being composed of two muscular tubes united for the great- 
er part of their length, and broadening towards the point 
into a spoon-like portion. Sir W. Jardine, on relaxing a v 
specimen of T. moschitus^ observed the appearance of a fim- 
briated opening at the tip, the outer margin of each divi- 
sion beingbesetwith recurved, sharp-pointed, pliable spines, 
while in all that Mr Swainson examined the two filaments 
were perfectly flat. Their feet are extremely small, their 
wings long and narrow, their tails comparatively broad, — 
whilst their shortened humerus and very large unnotched 


* The generic name of Nectarinia was bestowed by Illiger upon those foreign creepers known by the terms guiUgiiiU and touiman- 
ga$<, but it has been applied more exclusively by Cuvier to the former, and by Temminck to the latter. The souimangas, on the 
other hand, fall into Cuvier’s genus Cinnyris^ while the guit-guits are placed in the genus Ccereha by Temm. These transpositions, as 
we have already remarked, are extremely perplexing. , * j ^ , v s 

3 Vaillarit, Hist Nat des Oiseaux d^^frique, 5 vols in 4to, 1799, and subsequent years,— and Audebert, Oiseaux dores, ou a rejfiets 
alliques, 2 vols. fol. Paris, 1802. A continuation of the latter work has been published by M. Vieillot 
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Insessores. Sternum exhibit osteological features in relation to the 
^ power of flight resembling those of swifts. The beauty of 

their plumage, if equalled, is certainly unsurpassed among 
the feathered tribes. . t 

Humming-birds, in general, may be said to inhabit 
chiefly the intra-tropical regions of America, including the 
West Indies; but that they are capable of sustaining a 
considerable reduction of temperature, and of spreading 
themselves into comparatively rigorous climes, is evident 
from the observations of Captain King, who in his survey 
of the southern coasts met with numerous examples of 
these diminutive creatures flying about in a snow-storm 
near the Straits of Magellan, and discovered two species in 
the remote island of Juan Fernandez. Two other hardy 
species had been long known to migrate during summer far 
into the interior of North America, viz. the ruff-necked hum- 
ming-bird ( T’. rufus)y discovered during Cook’s voyage in 
Nootka Sound, and since traced by Kotzebue to the 61st 
degree of north latitude, along the western shores; and the 
ruby-throated humming-bird ( 71 which was found 

breeding by Mr Drummond near the sources of the Elk 
River, and is known to reach at least as far north as the 
fifty-seventh parallel. Mr Bullock also discovered several 
species at a high elevation, and of course a coolish tempe- 
rature, on the lofty table-lands of Mexico, and in woods in 
the vicinity of the snowy mountains of Orizaba. The best 
and most ample history of these “ feathered gems*’ may be 
gathered from the pages of Wilson and Audulbon, while the 
superb adornment of their beautifully pencilled plumage, so 
rich in its varied combination of lustrous green and g'old, 
may be studied with advantage in the sumptuous pages of 
M. Lesson.^ They are of a most lively and active disposi- 
tion, almost perpetually upon the wing, and darting from 
flower to flower with the busy rapidity rather of a bee than 
a bird. In the uncultivated districts of the country they in- 
habit the forests, but in peopled regions they flock without 
fear into the gardens, poising themselves in the air, while 
they thrust their long extensile tongues into every flower 
in search of food. According to Bullock, they will remain 
suspended in a space so small that they have scarcely 
room to move their wings, and the humming noise which 
they produce proceeds entirely from the prodigious ve- 
locity with which they vibrate these tiny organs, by means 
of which they will remain in the aii almost motionless 
for hours together. An older writer, Fermin, a physi- 
cian of Surinam, compares this action to that of the 
bee-like flies which in still and sultry weather we of- 
ten see hovering in the vicinity of still waters ; and Wil- 
son says, that when a humming-bird arrives before a 
thicket of trumpet-flowers in bloom, he suspends himself 
so steadily that his wings become « invisible, or like a mist.” 
They often enter windows, and after examining any fresh 
bouquets with which fair hands may have decked the 
table, they will dart like sun-beams out by an opposite 
door or window. During the breeding season they be- 
come jealous of encroachment, and exhibit great boldness 
in defence of their supposed rights. When any one ap- 
proaches their nest, they will dart around with a humming 
noise, frequently passing within a few inches of the intru- 
der’s head. A small species called the Mexican star (T. 
cyanopogm) is described by Mr Bullock as exhibiting 
great intrepidity while under the influence of anger. It 
will attack the eyes of the larger birds, striking at them 
with its sharp, needle-like bill ; and when invaded by one 
of its own kind during the breeding season, their mutual 
wrath becomes immeasurable, their throats swell, their 
<mts, tails, and wings expand, and they fight in the air 
till one or other falls exhausted to the ground. Indeed 


old Fernando Oviedo gives a still more alarming state- Insessores, 
ment of their fiery temper, “ When they see a man v-^ 
climb y® tree where they have their nests, they flee at his 
face, and stryke him in the eyes, commying, goying, and 
returnyng with such swiftness, that no man woulde ryghtly 
believe it that hath not seen it.”® 

Although humming-birds may frequently suck the juices 
of flowers, those naturalists err who’ allege that they sup- 
port themselves exclusively on that natural nectar. “ For 
myself,” says Wilson, I can speak decisively on the sub- 
ject : I have seen the humming-bird for half an hour at a 
time darting at those little groups of insects that dance in 
the air in a fine summer evening, retiring to an adjoining 
twig to rest, and renewing the attack with a dexterity 
that sets all our other fly-catchers at defiance-’* Mr Bul- 
lock thinks it probable that all the species eat insects, and 
he had repeated ocular proof that many of them feed on 
flies, which they both caught themselves, and used to 
steal from spiders’ webs. It was only the smaller kinds, 
however, that they dared to molest, for the stronger spid- 
ers showed fight, on which the besiegers would shoot off 
with the rapidity of a sun-beam, and could scarcely be 
discovered but by the luminous glow of their refulgent 
colours- It may easily be conceived that creatures of such 
resplendent plumage, in spite of their irascible temper and 
pugnacious habits, are universal favourites wherever they 
appear ; and that in “ the sweet serenity of a summer 
morning,** their visits to the dewy flower-beds of a cottage 
dwelling are surely welcomed with delight. 

When morning dawns, and the blest sun again 
Lifts his red glories from the eastern main, 

Then through the woodbines, wet with glittering dews. 

The flower-fed humming-bird his round pursues ; 

Sips with inserted bill the honey’d blooms, 

And chirps his gratitude as round he roams ; 

While richest roses, though in crimson drest, 

Shrink from the splendour of his gorgeous breast. 

What heavenly tints in mingling ratliance fly ! 

Each rapid movement gives a different dye ; 

Like scales of burnished gold they dazzling show, 

Now sink to shade — now like a furnace glow I 

In the summer of 1803 a nest of young humming-birds 
was brought to Alexander Wilson. They were nearly fit 
to fly ; in fact, one of them did fly out of the window the 
same evening, and falling against a wall, was killed upon 
the spot. The other refused food, and in consequence of 
this foolish obstinacy its life next morning was nearly ex- 
tinct. A lady in the house undertook to be its nurse, and 
placing it in her bosom, it immediately began to revive, 
which showed its good taste and natural sense of comfort. 

She then kindly dissolved a little sugar in her mouth, and 
thrusting its bill into the same, the creature sucked with 
great avidity. In this manner it was brought up until fit 
for the cage. Wilson kept it for three months afterwards, 
supplying it constantly with loaf-sugar dissolved in water, 
which it preferred to honey and water. He also gave it 
fresh flowers every morning, sprinkled with the sugary li- 
quid. It appeared quite gay, active, and full of spirit, 
hovering from flower to flower as if in its native wilds 
(alas ! it still was caged), and always expressed by its mo- 
tions and chirping the greatest pleasure at the sight of 
every fresh supply of flowers. “ Numbers of people,” 
says our author, visited it from motives of curiosity, and 
I took every precaution to preserve it if possible through 
the winter. Unfortunately, however, by some means it 
got at large, and, flying about the room, so injured itself 
that it soon after died.” 

Most of the preceding notices apply to the ruby-throat- 
ed humming-bird (7*. colvhrisy Linn.), the species of which 
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Inisessores. the particular habits and general economy havre been the 
most minutely studied. It sometimes makes its appearance 
in Louisiana as early as the 10th of March, and shows itself 
some weeks later in the northern states, varying not only 
with the latitude, but the temperature of each season. Its 
nest is described by Mr Audubon as being of the most 
delicate nature, the external parts formed of a light-gray 
lichen found on the branches of trees, or on decayed fence- 
rails, and so neatly arranged round the whole nest, as well 
as to some distance from the spot to which it is attached, 
as to seem part of the branch or stem. These little pieces 
of lichen, he and others allege, are glued together with the 
saliva of the bird ; but whether this fact has been proved by 
observation, or is only a natural inference from the actual ap- 
pearance of agglutination, we cannot say. The next coat- 
ing, however, consists of a cottony substance, and the in- 
nermost of all of silky fibres obtained from various plants, 
and extremely soft and delicate. In this delightful little 
bed the female lays only two eggs, of an almost oval form, 
and colour of pure white.^ Not more than ten days are 
required for hatching ; the young are ready to fly in seven 
or eight days ; they are fed or cherished by the parents 
for nearly another week ; and Mr Audubon is of opinion 
that they are no sooner able to provide for themselves 
than they associate with other broods, and perform their 
migrations apart from the old birds, as he has sometimes 
observed twenty or thirty young humming-birds resorting 
to a group of trumpet-flowers when not a single adult male 
was to be seen.® The migration of birds, as Dr Rich- 
ardson has well observed, has in all ages been an object 
of pleasing speculation to the philosopher ; but in no in- 
stance does it appear more wonderful than when contem- 
plated in relation to these tiny tribes. The lofty and sus- 
tained flight of the eagle and albatross seems only com- 
mensurate with their gigantic size, and the irresistible 
sweeping of their mighty pinions ; but how is our admi- 
ration of the ways of Providence increased, when we find 
that one of the least of its class, clothed in the most deli- 
cate and brilliant plumage, and apparently more fitted to 
flutter about in a conservatory than to brave the fury of 
the blast, should yield to few birds in the extent of its mi- 
grations.’"^ 

The only instance with which we are acquainted of a 
humming-bird having been brought alive to England, is 
that mentioned by Latham. A young gentleman> a few 
days before sailing from Jamaica, observed a female of 
Trochilus mango sitting on her eggs. He secured the 
bird, cut off the twig, and brought the whole on board his 
vessel. The mother ^was fed with honey and water, and 
during the voyage hatched two young ones, which surviv- 
ing their parent, were landed in England and lived for 
some time in the possession of Lady Hammond, from 
whose mouth they readily sipped nectar. The longest 
survivor, however, died in about two months after its ar- 
rival. These frail creatures are in fact far too impatient 
of continuous cold to endure the climate of Britain during 
winter. We shall conclude by observing, that the species 
are very numerous, and, like the generality of extensive 
groups, have been of late partitioned into many minor ge- 
nera by M. Lesson, and others who have devoted them- 
selves to their consideration. The range of size, as well 
as of character, is considerable, — Trochilus minimus^ which 
is no larger than an able-bodied bee, is the least of dl the 
feathered race, — while Trochilus gigas, a “ triton ’mong 
the minnows,’" is the largest of humming-birds, and al- 
most equals the dimensions of a swallow. 

In proceeding with our exposition of the tenuirostral 
tribes, we now approach the Hoopoes, in close approxima- 


tion to which is placed the genus Fregilcs of Cuvier, con- Insessores. 
taining only a single European species, the Corvus gram- v-i^ 
luSi or red-legged crow of British writers, which we have 
already briefly noticed as a Pyrrhocorax. It is in truth so 
nearly allied to the Alpine crow ((7. pyrrhoeorax), or 
choucard des Alpes, both in structure and habits, and is 
so often seen in company with that species, that wherever 
the one may be placed, the other should not be far dis- 
tant M. Temminck, indeed, places them in the same ge- 
nus, although the bill of the red-legged bird (or Cornish 
chough) is longer than the head, more subulate and slen- 
der at the point, and without any notch. Cuvier regards 
the Corvus affinis of Latham, and another species from 
New Holland, as both belonging to the genus Fregilus. 

The true hoopoes (genus Updpa) are all distinguished 
by a crest upon the head, composed of a double row of 
lengthened plumes, and capable of being raised at plea- 
sure. The only European species ( U, epops, Linn. Plate 
IX., figure 3) is a summer bird of passage on the Con- 
tinent, where it travels northward even^ as far as Swe- 
den. It never breeds in Britain, though it sometimes ac- 
cidentally occurs there. We had one sent us a few years 
ago from tlie county of Fife. This bird is called huh- 
hola by the Italians, most probably from its peculiar cry. 

It keeps itself concealed among the trees ; but is constant- 
ly heard repeating the syllable bu^ bu^ hu, hu, hu, with 
such a strong sonorous voice, that it may be heard at a 
great distance. Its song properly so called is only utter- 
ed during the honey-moon. Although the hoopoe lives 
and builds in woods, it may be often seen, in search of in- 
sect food, in fields and pastures. The nest is generally 
placed either in the natural hollow of a tree, or in the 
deserted excavation of a woodpecker. It is composed out- 
wardly of feathers, and is lined with the hair of cows and 
horses. The eggs are grayish white, finely spotted with 
brown. This bird is very common in Egypt. A nearly 
allied species ( U» Capensis) is found at the Cape, and oc- 
curs also in the East Indies; but we presume M. Savi is in 
error when he says the genus is likewise known in Ame- 
rica* 

The genus Promerops of Brisson has also an elongat- 
ed slender bill, finely pointed, laterally compressed, some- 
what convex above, with the nostrils open and cleft lon- 
gitudinally. The tail is very long and graduated, and the 
tongue is extensile and bifurcated, so that the species are 
able to absorb the nectarous juices of flowers. The title 
seems now restricted to the African species, of which the 
only one distinctly known is the Cape proraerops (P. Oa- 
pensis, Mereps caffer, Gm.), of a grayish browri above, 
with a white throat, bordered by two dark lines, the breast 
reddish, the abdomen yellow. The tail is of great length 
during the completed plumage ; but the long, ribbon-like 
feathers are often absent, which greatly alters the exter- 
nal character of the bird. (See Plate IX., figure 5.) 

In the magnificent and somewhat disputed genus Epi- 
MACHUs, Cuv., the bill, though more robust in some of the 
species, resembles that of the two preceding geiiera; but 
the base, or region of the nostrils, is beset with short, 
rounded, sc^e-like feathers, after the manner of the birds 
of paradise, which they somewhat resemble, moreover, in 
the great extension of certain portions of their plumage. 

They are also native to the same countries. The Epima- 
chus magnyicus has the general plumage of a rich velvet 
black, the head and throat lustrous, with changing tints of 
green and blue. The tail is of ordinary length and struc- 
ture, but the sides are singularly ornamented by long ex- 
tended filamentous feathers* (See Plate IX., figure 7.) 

The female is much less adorned, being, according to M. 


* Dr Richardson describes the eggs as 
^ Ornithological Biography^ vol. i. p. 251. 


of “ a reddish white colour, and obtuse at both 
® Fauna BorealUAmerkana, 


ends.” 

part ii. p. 323* 
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Insessores. Lesson, reddish above and gray below, streaked with 
brown. The Epimachus superbus is likewise of a velvet 
black, glossed in various parts with golden green and pur- 
le, the flank feathers greatly developed, and terminated 
y a brilliant edging. The tail is of such enormous length 
(Plate IX., figure 4) that the total extent of this species 
is nearly four feet. The female (JJpu'pa fusca of 
Gmelin ?) is described as reddish on the wings and tail, the 
body of a mingled black and brown. The two preceding 
kinds inhabit New Guinea. The Paradisea alba of the older 
systems is by some referred to our present genus, which 
has also been made to contain a beautiful New Holland 
species, known to the natives by the name of rifle-bird, 
and described by Mr Swainson under the title of Ptilorus 
paradkeus. It is the Epim, regius of Lesson and Gar- 
not,^ and was previously figured by Mr Wilson as Epim, 
Brishaniii in honour of General Sir Thomas ‘Brisbane, 
by whom it is believed to have been first transmitted 
to this country.^ If not a true Epimachus, it certainly 
greatly resembles that genus, having the form and colour- 
ing of E, magnificus^ and the same tendency (though less 
strongly developed) to an elongation of the lateral plumes. 
The obscure black and brown plumage of the female like- 
wise corresponds to what M. Lesson regards as the sexual 
distinctions of the other species. We have had recent in- 
formation, which confirms our former views, that it is not 
of honey-sucking propensities. It rather exhibits a ten- 
dency to scansorial habits ; and in its search for insects 
its bill may be heard from some distance tapping the bark, 
like that of a woodpecker. 

All the preceding groups of the Passerine Order 
belong to Cuvier’s first primary division, which, as we said 
at starting (see page 747), is characterized by never hav- 
ing the outer united to the inner toe by more than the 
length of one or two phalanges. 

Those which follow, on the contrary, forming the second 
and much less numerous primary division of our present 
order, have the outer toe almost as long as the middle 
one, and united to it as far as the base of the terminal 
articulation. Such a principle of division might, a priori^ 
be inferred to lead to some serious mal-arrangement of 
the groups ; for it is extremely unlikely that so trifling 
a character should be found in uniform accordance with 
other and more influential attributes, and the slightest 
study or most superficial inspection of this the Syndac- 
tylous Division of Baron Cuvier’s passerine order will suffice 
to show that the said division is in many points extremely 
heterogeneous and unnatural. To prove this to the satis- 
faction of any one at all conversant with the character of 
the prevailing forms in Ornithology, it will suflSce merely 
to enumerate its component parts, viz. the bee-eaters (ilfe- 
Tops)y the motmots (Pnonites), the king-fishers (Alcedo), 
the todies {Tod'us)^ and the horn-bills (^Buceros). It is 
indeed surprising that any one so gifted with the power of 
philosophical observation, so qualified by his profound ac- 
quaintance with comparative anatomy to trace the natural 
relations of living creatures, and so signally successful in 
his usual generalizations, should either have brought to- 
gether, or permitted to remain in juxtaposition, so dis- 
cordant a group. The regulating character supposed to 
be competent to amalgamate these discordant materials is 
alleged to consist simply in the close adherence of the 
outer and middle toe throughout a considerable portion of 
their length, that is, as far as the penultimate joints. Now, 
that this character by itself is of no avail in the forma- 
tion of natural groups, is evident from two considera- 
tions From its being found in numerous genera, which 
are admitted to bear no affinity to each other ; — ^dig, 

^ ~ . ^ ^ 1 . 1 * ■ _ , ^ 

* Voyage de Duyerrey^ pf, xxviii. 


from its being absent in some of the component members Insessorea 
of a natural family, and present in others. We may illus- ' •— 
trate this by an example. In the South American genus 
Ampelis there are genuine specice, in some of which the 
outer and middle toes are united, while in others they are 
free. This is well seen in the beautiful Ampelis carnifex, in 
which these parts are joined together, while in the closely 
allied species A. pompadoura they are disunited. Having 
called the reader’s attention to this inconsistency, we shall 
proceed to a brief sketch of the different generic groups 
above named. 

In the beautiful genus Merops, Linn., the bill is elon- 
gated, somewhat triangular at the base, slightly arched, 
sharp pointed. The wings are long, and narrow at the 
extremity. The feet are short. The flight of these birds, 
commonly called bee-eaters, is easy and buoyant, resem- 
bling that of the swallow. The species are numerous in 
Africa and the East ; but only one is accustomed to show 
itself in Europe, the Merops apiaster^ or common bee-eater 
of English writers (to whom, however, it is one of the 
rarest of the feathered race), an elegantly-formed and 
richly-plumaged bird (Plate X., figure 2 ). It arrives in 
the southern countries of the Continent in March, and 
departs in September. It flies in flocks, usually at a con- 
siderable elevation, and utters with hoarse and guttural 
voice, in startling disaccordance with its slender aspect, a 
continual cry of gra^ gra, gra. It builds in deep horizontal 
holes in sandy banks, which it excavates in whole or in part, 
working vigorously with feet and bill, and kicking out the 
dry earth behind it with great dexterity. It lays six or 
seven eggs, white, lucid, and almost spherical. When the 
young are partly fledged, but not yet fit to fly, they creep 
to the mouth of their holes, where they seem to enjoy the 
happy summer light and genial sunshine 5 but on the least 
alarm they trundle stern foremost into their inner chambers, 
where they lie concealed until tranquillity again prevails. So 
accustomed do they seem indeed to this peculiar movement, 
that when taken from the nest, and placed in any more ex- 
posed position, they seek to escape by running backwards. 

In fact, for a time they seem unable to walk in any other 
direction. All these birds are exclusively insectivorous, 
and prey almost entirely on the hymenopterous tribes. 

Although they often take their food upon the wing, they 
also gather it from the ground; and whenever they espy 
the small hole which leads into the nest of wasp or bem- 
bex, they place themselves close beside it, and snap up 
the industrious tenants on their exit or arrival. The Ita- 
lian contadini regard the cry of the bee-eater as a sign 
of rain when they hear it uttered from a great height. 

The appearance of this beautiful bird in England is acci- 
dental. W’e may add, that none of the species occurs in 
America. 

^ In the genus Prionites, Illiger, the feet and form are 
similar, but the bill is much stronger than in the preced- 
ing, the margins of both mandibles are crenulated (see 
Plate X., figure 3), and the tongue is feathered. These 
birds are natives of South America. The plumage of 
ibeir head is loose, like that of our common jay, the tail 
is long and graduated, and in adult birds the two central 
feathers are often bare or barbless for a space not far from 
the extremity. They prey ,on insects, occasionally attack 
small birds, and build their nests in the hollows of trees. 

Example, the blue-crowned motmot, Ramphdstos momota, 

Gmelin. 

The genus Alcedo, containing the king-fishers, has the 
legs still shorter than the bee-eaters, and the bill long, 
straight, angular, and pointed (Plate X., figures 1 and 4 ). 

As originally constituted, it contained a numerous assem- 
blage of species from various countries of the world, of shape 


* Illustrations of Zoology ^ vol. i. pL xl. 
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Insessores. and proportions rather awkward than elegant, but almost all 
'^remarkable for great splendour of plumage. The size and 
length of the bill are usually disproportioned to the body, 
and the feet and legs seem of a diminutive and apparently 
inconvenient form ; but the shining silky lustre of the fea- 
thers, and their rich and infinitely varied hues of the most 
brilliant green and blue, contrasted with different shades of 
orange, black, and brown, render the genus one of the most 
showy and attractive within the entire range of the ornitho- 
logical system. The Akedo ispida(pMx common king-fisher) 
is the only species which occurs in Europe, and it yields to 
few of its brethren in its lustrous beauty. It is one of the 
rarest, and certainly the most highly adorned, of all our 
resident species. It haunts the banks of lakes and rivers, 
building in hollows near their margin, and preys chiefly on 
small fish, on which it darts with the rapidity of an arrow, 
plunging its little gem-like body for one flashing moment 
in the crystal stream. 

Certain modifications observable in the form of the bill, 
and accompanied, as usual, by a corresponding change of 
habits, have induced the division of the original genus. 
For example, we owe to Dr Leach the formation of the 
genus Dacelo, of which the type is the giant king-fisher 
of New Holland {A. gigantea of Latham). The bill is 
very strong, curved at the extremity, and bulged beneath. 
These species (called martin-chasseurs by the French) 
inhabit forests, and build their nests, not in the excavated 
banks of rivers, but in the hollows of lofty trees ; whereas 
the true king-fishers (martin-pecheurs) are never found at 
any distance from the ** pure element of waters.” The 
former also feed on insects rather than fish, and, the larger 
kind especially, are clothed in a dingier and less adorned 
plumage. 

The one above alluded to (D. gigarded) is described 
by Mr Bennet as well known to the colonists of New 
South Wales by the name of laughing or feathered jack- 
ass, — a designation which occasioned a lady at home to 
declare, that of all the wonderful productions of Australia, 
she thought nothing could equal the “ feathered donkey.” 
Its peculiar gurgling laugh, commencing in a low and 
gradually rising to a louder tone, is often heard by travel- 
lers, proceeding from the branch of some lofty tree, where 
the bird is watching for its prey. It is said that one sel- 
dom laughs without being accompanied by another, ap- 
parently anxious to join in a duet. This bird is respected 
by Australian gardeners for destroying grubs, &c. ; and 
Mr Bennet reports, that it also deserves protection on ac- 
count of its devouring mice and venomous reptiles. A 
gentleman told me he was perfectly aware of the bird de- 
stroying snakes, as he had often seen them carry the rep- 
tiles to a tree, and break their heads to pieces with their 
sharp, strong beaks.” “ One of these birds, seen upon the 
branch of a tree near a river, looking so stupid, and nod- 
ding as if asleep, was shot, and it was then found that this 
peculiar manner proceeded from its having swallowed a 
small snake, which had got into the stomach, throat, and 
bill, but had not yet accommodated itself in the former 
cavity.”^ 

A rare and remarkable species, from the Moluccas, 
with a shorter bill than usual, and a much longer tail, 
sometimes called the ternate king-fisher (i4. dea, Linn.), 
forms the genus Tanysiptera of Mr Vigors, — while a few 
small species which either want the inner toe, or possess it 
in a very rudimentary state, constitute the genus Ceyx of 
Lacepede. The latter occur in India. Example, A, tri- 
hachys^ Shaw. (Plate X., figures 5 and 11.) 

The genus Todus contains some small American birds, 
supposed to resemble the king-fishers in their general 
form, their feet, and lengthened bills ; but the latter or- 


gan is horizontally depressed, and obtuse at the extremi- Insessores. 
ty, the tarsi are more elevated, and the tail shorter. Their ^ 
habits are insectivorous, and the species, very few in num- 
ber as the group is now restricted, are by most Ornitho- 
logists arranged among the Mtisdcapjdce^ near the genera 
Platyrhynchus and Muscipeta, The best-known, if not 
the only species, is the green tody (71 viridis, Linn.). 

It is found in the Antilles, and some of the equatorial re- 
gions of South America, where it hunts insects like a fly- 
catcher, but builds in holes in Banks, after the manner of 
a king-fisher. Its nest is placed in a little chamber at the 
termination of a tortuous gallery, and both sexes are re- 
markable for their strong attachment to their young. This 
delightful bird is named ground-parrakeet by the Creoles 
of St Domingo. Though not very rare, it usually dwells 
in wild and solitary places, which is probably the reason 
of its being by no means frequent in the collections of Eu- 
rope. The male utters an agreeable song during the pair- 
ing season, but at other times the green tody is a very 
silent bird. Its flight is straight and rapid, and it sits at 
times both on stones and trees. (Plate X., figures 6, 7, 
and 9.) 

The genus Buceros, which includes the calaos or horn- 
bills, is the last of the great passerine order in the ar- 
rangement of Baron Cuvier (Plate X., figures 8 and 
10). It certainly differs greatly from those near which he 
m^es it stand, nor does it amalgamate much better with 
its neighbours in more recent systems. The species are 
natives of Africa and India, and are characterized by their 
enormous bills, toothed along their edges, and frequently 
surmounted by an additional horny structure, which be- 
stows on them a very striking and peculiar physiognomy. 

These excrescences vary considerably with the age of the 
individual, and are scarcely perceptible in the young birds. 

The horn-bills may be said to resemble the toucans in their 
heads, the crows in their general habits, and the syndac- 
tylous tribes in the form of their feet. Their tongue is 
very small. These birds may be regarded as omnivorous, 
as they feed indifferently on fruits, mice, small birds, rep- 
tiles, and even carcasses. They exhibit an awkward and 
uncommon aspect while in the act of flying, in consequence 
of the great size of their beaks and lengthened tails, and al- 
together their appearance is extremely uncouth. Perhaps 
one of the most singular features in their economy consists 
in their feeding greedily, and without injury, on the seeds 
of nvx vomicar 

The African horn-bill (-B. Africanus) is entirely black, 
and nearly as large as a turkey. The crowned species (B. 
coronatus) is a much smaller bird, scarcely equalling the 
size of a magpie. Le Vaillant saw a flock of more than 
five hundred of these birds, in company with crows and 
vultures, preying on the remains of slaughtered elephants. 

It is figured by Mr Swainson in the third volume of the 
first series of his beautiful Illustrations. A large and re- 
markable Indian species ** was several years ago described 
by Mr Hodgson. It measures four feet five inches from 
tip to tip of the wings, and is three feet six inches in 
length. Its body exceeds that of the largest raven, but 
is very lean and incompact. It is believed to feed chiefly 
on fruits, although it will seize upon reptiles when press- * 
ed by hunger. Its freedom from any oflTensive smell, and 
the excellence of its flesh, which is much esteemed as an 
article of food, go far to prove that its habits are chiefly 
frugivorous. In a domestic state it will eat meat either 
raw or dressed. Mr Hodgson’s specimen, however, was 
fed mostly on boiled rice, mixed with ghee, and made into 
large balls. It was never observed to take any water. 

Whenever it swallowed a mouthfuT which on second 
thoughts it considered as somewhat too large, it imme- 


^ Wanderings in Nero South Wales^ i. 222. 


* Edinburgh Cabinet Library^ British India, iii. 90. 
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Order III.*— SCANSORES or CLIMBERS. 

This somewhat heterogeneous group, continued by Ba- 
ron Cuvier as a separate order, forms, in the systems of 
our own more recent writers, merely an additional tribe in 
the primary division of the passerine or insessorial order. 
As the zoological treatises in our present work have been 
hitherto made conformable to the general principles which 
regulate the arrangement proposed by the great French 
anatomist, we shall not here swerve from our previous 
practice, although we doubt not, that among some recent 
alterations for the worse, there may also be found not a 
few for the better. We fear, however, that it may be 
some time before the Scansores, even of the modern sys- 
tems, can be regarded as composed of very closely allied 
groups, — at least so long as people feel averse to see any 
natural connection between a creeper and a cockatoo. Be 
this as it may, our present order is composed of species 
the great majority of which possess two toes before and 
two behind ; that is, one of the three anterior toes com- 
monly so called, is either reversible at pleasure, or is per- 
manently thrown backwards, so as to give great power and 
tenacity of grasp during their infinitely varied movements 
over the rugged bark or smoother branches of the forest 
trees, on which they chiefly dwell. By this peculiar struc- 
ture many species are enabled not only to ascend with ease 
a perpendicular trunk, but to suspend themselves from the 
lower surface of a branch while searching for their favou- 
rite food, which consists of fruits or insects, according to 
the form of the bill, so greatly diversified in the scansorial 
order. In the parrot tribe the foot is also used in the 
conveyance of food to the mouth, and generally as a pre- 
hensile organ of a very perfect kind. 

We are aware that more than one excellent Ornitholo- 
gist has objected to the title of this order, as incapable of 
being strictly applied to the whole of the genera of which 
it is composed. It is no doubt true that many of the spe- 
cies (such as the cuckoo), in which the toes are in pairs, 
or yoke-footed, cannot climb, while it is equally evident 
that several other species (such as the creeper, C.familia- 
ris, the already alluded to very distant connection of the 
cockatoo) are excluded from this order by reason of the 
structure of their feet, in spite of which, however, they 
contrive to climb unceasingly; and that under these cir- 
cumstances the denomination cannot be rigorously applied 
as alike characteristic of what it contains, and as correct- 
ly exclusive of what it does not contain. But we believe 
the same objection may be made to apply at least with 
equal force to various parts of every other system yet pro- 
posed. The ordinal characters, considered in their tota- 
lity, are seldom so natural, yet extended, as to admit of no 
exception ; and it is extremely questionable whether a title 
should be immediately changed upon the discovery of 
every species which may not coincide with its most rigo- 
rous interpretation. In truth, this could not in many cases 
be effected merely on the consideration of a single charac- 
ter, without producing greater inconveniences than those 
which it is desired to obviate. Among scansorial birds, 
for example, we have several species with only three toes, 
and which it would therefore be unreasonable to expect 
should conform to the ordinal character of having two toes 
before and two behind. But in spite of that partial defi- 
ciency, they are, in every essential particular, “ true to their 
•rder.” 


The bill in the scansorial tribes varies so greatly in the Scansores. 
different genera, from the straight, lengthened, angular 
mandibles of the woodpeckers, to the deep, curved, com- 
pressed organ of the parrots, that we must omit all consi- 
deration of it in the ordinal characters, although the study 
of its form is essential in relation to the minor divisions. 

The species of this order are, with few exceptions, inha- 
bitants of the forests, and usually build their nests in the 
hollows of ancient trees. Their powers of flight are not 
remarkable. The European genera are almost entirely 
insectivorous ; the parrot tribe feed on fruits ; the toucans 
exhibit a tendency to the carnivorous habits of the acci- 
pitrine tribes ; while other genera sensibly enjoy a mingled 
or miscellaneous diet.* 

The genus Galbula, Brisson, has a straight, elongated, 
sharp-pointed bill, with the upper edge rather sharp ; the 
legs are very short, and the anterior toes much united. 

(Plate XI., figure 1.) The plumage of these birds usually, 
known under the name of Jacamars, is remarkable for its 
metallic lustre. The species inhabit South America, where 
they occur among trees in moist and marshy places. Exam- 
ples, G.paradisea and viridis. Lath. They generally sit, ac- 
cording to Mr Swainson, on low naked branches in the forest 
paths, from whence they dart upon butterflies, spearing 
them with their long bills ; and their haunts, indeed, may 
be frequently discovered by the ground being strewed with 
the beautiful wings of their mangled victims, the bodies of 
which they alone devour.® “ A bird called jacamar,^^ says 
Waterton, “ is often taken for a king-fisher, but it has no 
relationship to that tribe ; it frequently sits in the trees 
over the water, and as its beak bears some resemblance to 
that of the king-fisher, this may probably account for its 
being taken for one ; it feeds entirely upon insects ; it sits 
on a branch in motionless expectation, and as soon as a 
fly, butterfly, or moth passes by, it darts at it, and returns 
to the branch it had first left. It seems an indolent, se- 
dentary bird, shunning the society of all others in the fo- 
rest. It never visits the plantations, but is found at all 
times of the year in the woods. There are four species of 
jacamar in Demerara ; they are all beautiful ; the largest, 
rich and superb in the extreme. Its plumage is of so fine 
a changing blue and golden green, that it may be ranked 
with the choicest of the humming-birds. Nature has de- 
nied it a song, but given it a costly garment in lieu of it. 

The smallest species of jacamar is very common in the dry 
savannas. The second size, all golden green on the back, 
roust be looked for in the Wallaba forest. The third is 
found throughout the whole extent of these wilds ; and 
the fourth, which is the largest, frequents the interior, 
where you begin to perceive stones in the ground.”^ An 
Indian species (M. Lesson, however, assigns it to Cayenne), 
of which the bill is shorter, thicker, and somewhat arched, 
forms the genus Jacamerops of Le Vaillant (see Plate 
XL, figure 2) ; and another from South America, with 
only three toes (6r. tridactyla^ Vieil.), constitutes the 
genus Jacamar-alcton (Plate XI., figure 3). These 
names, however unmusically composed, point out the na- 
tural relationship of our present group to the bee-eaters 
and king-fishers, with which (as ^sirostral birds) they are 
combined in some modern systems. 

The genus Picus, Linn., contains the well-marked, nu- 
merous, and extensively distributed tribe of woodpeckers, 
which occur in all the great divisions of the earth, with 
the exception of New Holland. The vast and solitary fo- 
rests of North and South America are, however, their chief 
dominion, the greatest number, both there and in the old 
world, being found within the tropics. The bill is rather 
long, straight, angular, somewhat compressed or wedge- 


i Thy^al Clast of ike Asiatic Society of Bengal^ part i. p. 178. * Nat, Hist, and Class, of Birds, ii. 154. 

Wilson s lUustratUms of Zoology ,, vol i. art. ScAXSOniEs. * Wanderings^ p. 137. 
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Scansores* shaped at the extremity, and admirably fitted for splitting 
the bark or excavating the decayed portions of trees. The 
tongue is long, and capable of great protrusion, in conse- 
quence of its musculp basis, and the length of the horns 
of the os hyoides. It is not only furnished with little spines 
pointing backwards, but is covered by a glutinous mois- 
ture secreted by the salivary glands, which aids in the 
capture of the smaller insects, the larger, it is said, being 
usually transfixed by the point itself. The tail-feathers 
are very stiff and elastic, and greatly aid the motion of the 
feet in climbing, being pressed upon the bark, so as in some 
measure to support the body. Woodpeckers are shy and 
solitary birds. During the breeding season they dwell in 
pairs, and are only met with in small family flocks through- 
out the autumn. With the exception of the parrots, they 
form the most extensive group among scansorial tribes, 
between one and two hundred species being known to na- 
turalists. We have only four in Britain, viz. the green 
woodpecker (P. virid%s\ our most common species ; the 
great blaqk woodpecker (P. martius\ which is a much 
rarer bird ; the great spotted woodpecker (P. mcijor ) ; and 
the lesser spotted kind (P. minor). Besides these, several 
others occur on the continent of Europe. 

* In whatever clime or country woodpeckers are found, 
they are characterized by strong affinities of form and co- 
lour, and constitute a very natural group, although some 
slight modifications of the bill have given rise in recent 
times to the formation of a few subgenera. 

Buffon has drawn a melting picture of the miseries of a 
woodpecker's life. According to the views of the always 
eloquent, but frequently erroneous and sometimes incon- 
sistent Frenchman, no bird which earns its subsistence by 
spoil leads a life of such painful and uninterrupted labour. 
Nature appears to have condemned it to incessant toil, — 
for while other species freely employ their courage or ad- 
dress, and either glide along on fearless rapid wings, or 
lurk insidiously in closer ambush, the woodpecker is con- 
strained to drag on a miserable existence in boring through 
the scaly bark and tough unyielding fibres of the hardest 
trees. Necessity admits no intermission of its labours, — 
no interval of sweet repose. Not even the darkness of the 
night, nor sleep, that “ soft restorer,*’ who throws her 
balmy mantle over such a mass of human misery, brings 
any solace here, — ^for the nocturnal hours are spent in the 
same constrained and painful posture as are those of day. 
It never shares in the joyous sports of the other inhabi- 
tants of the woods, and so far from joining in their glad re- 
sponses, it rather deepens the natural sadness of the forest 
glades by its wild and melancholy cries. Now, what is 
all this but the most fantastic coinage of the brain ? — as if 
the blessed beings which people this gladsome world en- 
dured the primal curse, and shared the self-inflicted ruin 
of our race 1 as if their joyful hearts were ever pressed by 
sorrow, or responded in wailing sadness to the woes of 
man ! Spirit of Eblis ! not yet has thy malign influence 
so encroached upon the “ Benigner Power.” Is there any 
thing on earth for which we may not cry alas ! saving only 
the omnipotent goodness of God, who careth for all his 
creatures,” — and amid the unmeasured wretchedness which 
springs from human folly, the wan faces of our fellow-men 
pent up in close-built cities, the drunkard's hollow eyes, his 
shaking limbs, and tattered garments (and all the horrid 
ills that vice is heir to),*what is more inspiring than to see 
even a fragment of the face of nature, — some little open 
plot of garden ground, where in spring the blackbird still 
may sing his evening hymn, or the autumnal red-breast 
cheerily announce approaching winter ? Is there sorrow 
there or suffering, save what may spring from some dark 
spirit in the mind of man, the “ immortal rebel ?* When 
Buffon himselfj a great interpreter of nature, in spite of 
all his fitful fancies, yielded up his life to God who gave 


it, did the lilied fields of France reflect the sun’s warm Scansorea. 
rays less brightly, or her sylvan choristers welcome with v-?^ 
sadder note the rosy day-break of the ensuing morn ; or 
when that more wretched hour arrived (which the hoary 
but irreverent parent was saved the pain to see) when hfs 
son’s fair locks, dishevelled but not dishonoured, were 
streaming on the blood-stained floor of that insatiate scaf- 
fold, what cared the gladsome birds in field or tree ? It 
would indeed be but a doleful thought, if misery such as 
man so often meets with among human kind, and which he 
is therefore prone to picture, were to spread itself from 
his own sad bosom into the depth of darldy shaded forests, 
where so many gorgeous feathered inmates dwell, or among 
ocean rocks amid upheaving waters, or wave-worn caves, 
or crystal rivers with their golden sands. 

Let those who dwell with pity on the fate of our condemned 
bird go with us to America, and listen to the high-toned note 
of Picus principalis (the name itself might “ threaten and 
command”), echoing from the giant trunk or moss-grown 
arm of some colossal tree, or watch his varied movements, 
while from gnarled stems he drives off impetuously broad 
flakes of flashing bark, which so accumulate around the base 
of pine or cypress, as if a human carpenter had there set up 
his habitation. Or if we cannot go to America, let us read 
a great observer’s history of another species. “ No sooner,” 
says Audubon, has spring called them (the golden-winged 
woodpeckers) to the pleasant duty of making love, than 
their voice, which by the way is not at all disagreeable 
to the ear of man, is heard from the tops of high decayed 
trees, proclaiming with delight the opening of the welcome 
season. Their note at this period is merriment itself, as 
it imitates a prolonged and jovial laugh, heard at a con- 
siderable distance. Several males pursue a female, reach 
her, and to prove the force and truth of their love, bow 
their heads, spread their tails, and move sideways, back- 
wards and forwards, performing such antics as might in- 
duce any one witnessing them, if not of a most morose 
temper, to join his laugh to theirs. The female flies to 
another tree, where she is constantly followed by one, two, 
or even half a dozen of these gay suitors, and where again 
the same ceremonies are gone through. No fightings oc- 
cur, no jealousies exist among these beaux, until a marked 
preference is shown to some individual ; when the reject- 
ed proceed in search of another female. In this manner all 
the golden-winged woodpeckers are soon happily mated. 

Each pair immediately proceed to excavate the trunk of a 
tree, and finish a hole in it sufficient to contain themselves 
and their young. They both work with great industry and 
apparent pleasure. Should the male, for instance, be em- 
ployed, the female is close to him, and congratulates him 
on the removal of every chip which his bill sends through 
the air. While he rests he appears to be speaking to her 
on the most tender subjects, and when fatigued is at once 
assisted by her. In this manner, by the alternate exer- 
tions of each, the hole is dug and finished. They caress 
each other on the branches, climb about and around the tree 
with apparent delight, rattle with their bill against the tops 
of the dead branches, chase all their cousins the red-heads, 
defy the purple-grakles to enter their nest, feed plentifully 
on ants, beetles, and larvae, cackling at intervals, and ere 
two weeks have elapsed, the female lays either four or six 
eggs, the whiteness or transparency of which are doubtless 
the delight of her heart. If to raise a numerous progeny 
may contribute to happiness, these woodpeckers may be 
happy enough, for they have two broods each season. 

Even in confinement the golden-winged woodpecker never 
suffers its naturally lively spirit to droop. It feeds well, 
and by way of amusement will contriva to destroy as much 
furniture in a day as can well be mended by a different 
kind of workman in two. Therefore, kind reader, do not 
any longer believe that woodpeckers, I mean those of 
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Scansores. America, are such stupid, forlorn, dejected, and unprovid- 
ed-for beings, as they have hitherto been represented.*^^^ 
The other species to which we have above alluded is 
the beautiful ivory-billed woodpecker {Picus principalis, 
Linn.), of which the broad extent of dark and glossy plu- 
mage, with the well-defined snowy markings of the neck 
and wings, relieved by the rich tracery of the carmine crest, 
and brilliant yellow eye, in some way so reminded the en- 
thusiastic Audubon of the noble productions of a great 
Flemish painter, that whenever he saw one of these gor- 
geous birds flying from tree to tree, he would exclaim, 
« There goes a Vandyke.” The ivory-billed woodpecker 
confines its rambles to a comparatively small portion of the 
United States, and is never observed in the middle por- 
tions of the Union, where the nature of the wood does not 
appear to suit its habits. “ Descending the Ohio,” says 
Mr Audubon, we meet with this splendid bird for the 
first time near the confluence of that beautiful river and 
the Mississippi ; after which, following the windings of the 
latter, either downwards towards the sea, or upwards in 
the direction of the Missouri, we frequently observe it. 
On the Atlantic coast, North Carolina may be taken as 
the limits of its distribution, although now and then an in- 
dividual of the species may be accidentally seen in Mary- 
land. To the westward of the Mississippi, it is found in 
all the dense forests bordering the streams which empty 
their waters into that majestic river from the declivities of 
the Rocky Mountains. The lower parts of the Carolinas, 
Georgia, Alabama, Louisiana, and Mississippi, are how- 
ever the most favourite resorts of this bird, and in those 
states it constantly resides, breeds, and passes a life of 
peaceful enjoyment, finding a profusion of food in all the 
deep, dark, and gloomy swamps dispersed throughout them. 
I wish, kind reader, it were in my power to present to 
your mind’s eye the favourite resort of the ivory-billed 
woodpecker. Would that I could describe the extent of 
those deep morasses, overshadowed by millions of dark 
gigantic cypresses, spreading their sturdy moss-covered 
branches, as if to admonish intruding man to pause and 
reflect on the many difficulties which he must encounter 
should he persist in venturing farther into their almost in- 
accessible recesses, extending for miles before him, where 
he would be interrupted by huge projecting branches, here 
and there the massy trunk of a fallen and decaying tree, 
and thousands of creeping and twining plants of number- 
less species I Would that I could represent to you the 
dangerous nature of the ground, its oozing, spongy, and 
miry disposition, although covered with a beautiful but 
treacherous carpeting, composed of the richest mosses, 
flags, and water-lilies, no sooner receiving the pressure of 
the foot than it yields, and endangers the very life of the 
adventurer, whilst here and there, as he approaches an 
opening, that proves merely a lake of black, muddy water, 
his ear is assailed by the dismal croaking of innumerable 
frogs, the hissing of serpents, or the bellowing of alligators ! 
Would that I could give you an idea of the sultry pesti- 
ferous atmosphere, that nearly suffocates the intruder dur- 
ing the meridian heat of our dogdays, in those gloomy and 
horrible swamps ! But the attempt to picture these scenes 
would be vain. Nothing short of ocular demonstration can 
impress any adequate idea of them. 

“ The flight of this bird is graceful in the extreme, 
although seldom prolonged to more than a few hundred 
yards at a time, unless when it has to cross a large river, 
which it does in deep undulations, opening its wings at 
first to their full extent, and nearly closing them to re- 
new the propelling impulse. The transit from one tree 
to another, even should the distance be as much as a hun- 
dred yards, is performed by a single sweep, and the bird 


appears as if merely swinging itself from the top of the Scansores. 
one tree to that of the other, forming an elegantly curved 
line. At this moment all the beauty of the plumage is ex- 
hibited, and strikes the beholder with pleasure. It never 
utters any sound whilst on wing, unless during the love 
season ; but at all other times, no sooner has this bird 
alighted, than its remarkable voice is heard, at almost 
every leap which it makes, whilst ascending against the 
upper parts of the trunk of a tree, or its highest branches. 

Its notes are clear, loud, and yet rather plaintive. They 
are heard at a considerable distance, perhaps half a mile, 
and resemble the false high note of a clarionet. They 
are usually repeated three times in succession, and may 
be represented by the monosyllable, pail, pail, pail. These 
are heard so frequently, as to induce me to say that the 
bird spends few minutes of the day without uttering them ; 
and this circumstance leads to its destruction, which is 
aimed at, not because (as is supposed by some) this spe- 
cies is a destroyer of trees, but more because it is a beau- 
tiful bird, and its rich scalp, attached to the upper man- 
dible, forms an ornament for the war-dress of most of our 
Indians, or for the short pouch of our squatters and hunt- 
ers, by all of whom the bird is shot merely for that pur- 
pose. 

“ Travellers of all nations are also fond of possessing 
the upper part of the head and the bill of the male ; and 
I have frequently remarked, that on a steam-boat’s reach- 
ing what we call a wooding-place, the strangers were very 
apt to pay a quarter of a dollar for two or three heads of 
this woodpecker. I have seen entire belts of Indian chiefs 
closely ornamented with the tufts and bills of this species, 
and have observed that a great value is frequently put 
upon them. The food of this species consists principally 
of beetles, larvae, and large grubs. No sooner, however, 
are the grapes of our forests ripe, than they are eaten by 
the ivory-billed woodpecker with great avidity. I have 
seen this bird hang by its claws to the vines, in the posi- 
tion so often assumed by a tit-mouse, and, reaching down- 
wards, help itself to a bunch of grapes with much apparent 
pleasure. Persiraons are also sought for by them, as soon 
as the fruit becomes quite mellow, as are hag-berries. The 
ivory-bill is never seen attacking the corn, or the fruit of 
the orchards, although it is sometimes observed working 
upon and chipping off the bark from the belted trees of the 
newly-cleared plantations. It seldom comes near the 
ground, but prefers at all times the tops of the tallest trees. 

Should it, however, discover the half-standing broken 
shaft of a large dead and rotten tree, it attacks it in such 
a manner as nearly to demolish it in the course of a few 
days. I have seen the remains of some of these ancient 
monarchs of our forests so excavated, and that so singu- 
larly, that the tottering fragments of the trunk appeared 
to be merely supported by the great pile of chips by 
which its base was surrounded. Tlie strength of this 
woodpecker is such that I have seen it detach pieces of 
bark seven or eight inches in length at a single blow of its 
powerful bill, and by beginning at the top branch of a 
dead tree, tear off the bark, to an extent of twenty or 
thirty feet, in the course of a few hours, leaping down- 
wards with its body in an upward position, tossing its head 
to the right and left, or leaning it against the bark to as- 
certain the precise spot where the grubs were concealed, 
and immediately after renewing its blows with fresh vi- 
our, all the while sounding its loud notes, as if highly 
elighted. 

“ When wounded and brought to the ground, the ivory- 
bill immediately makes for the nearest tree, and ascends 
it with great rapidity and perseverance, until it reaches 
the top branches, when it squats and hides, generally with 
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Scansores* great effect. Whilst ascending, it moves spirally round 
the tree, utters its loud paitf paii, pait, at almost every 
hop, but becomes silent the moment it reaches a place 
where it conceives itself secure. They sometimes cling 
to the bark with their claws so firmly, as to remain cramp- 
ed to the spot for several hours after death. W’hen taken 
by the hand, which is rather a hazardous undertaking, 
they strike with great violence, and inflict very severe 
wounds with their bill as well as claws, which are ex- 
tremely sharp and strong. On such occasions, this bird* 
utters a mournful and very piteous cry.”^ 

A few species in which the bill is obviously arched 
form the genus Colaptes of Mr "Swainson. They seem, 
moreover, distinguished by the broad, bright-coloured shafts 
of the quill-feathers. Such is the gold-winged woodpeck- 
er (P. auratus) already alluded to. These birds perch 
more frequently than the genuine woodpeckers, that is, 
grasp or encircle the smaller branches, and they also often 
feed upon the ground. A Brazilian species is even nam- 
ed P. campestriSi from its habit of searching about in 
fields and plains for insects in the dung of cattle, or on 
ant-hills, where it finds an ample supply of favourite food. 
This form occurs also in Africa. Certain three- toed 
species were formed into the genus Picoides by Lace- 
pede. (Plate CCCXCV. fig. 3.) 

The genus Yunx of Linn., containing the wrynecks, re- 
markable for their beautifully brindled plumage, is of very 
limited extent. The sole European species (Yunx tor^ 
quillet) is in Britain a rare but regular summer bird of pas- 
sage, breeding in hollow trees, laying numerous eggs, and 
feeding on insects. The genus Picumnus of Temm. is 
nearly allied, but is distinguished by its extremely short 
tail. Example, P. ahnormis^ Temm. PL CoL 871, fig. 3, 
which comes from Java. Pictis minutuSi which some au- 
thors place here, is by others regarded as a Yunx. 

In the genus Cue ulus of Linn, were originally placed 
a number of different insectivorous birds, commonly called 
cuckoos, which agreed in the general form of the feet, 
the lengthened tail, the bill of medium size, rather deeply 
cleft, somewhat compressed, and slightly curved. But 
they have since been formed into numerous minor groups, 
the most marked and conspicuous of which we shall here 
briefly notice. 

The true cuckoos, genus CucuLUS, Cuv., have the bill 
of moderate strength, the tarsi short, and the tail *of ten 
leathers. As an example, we name our common British 
species, C. canorust so remarkable for its singular and 
somewhat anomalous habit of depositing its eggs in the 
nests of other birds, a fact now so well known, and so 
frequently recorded, that we need not here dilate upon 
the subject, however curious in itself. The nest of the 
hedge-sparrow (Accentor modularis) is that most usually 
chosen in the south of England, — that of the yellow-ham- 
mer (Emb. citrinelld), the wagtail (Mot. alba), and the 


meadow titlark {A. pratensis), being, however, likewise Scanaores. 
devoted to the purpose. In Northumberland,*' says 
Selby, ** constant experience tells me, that the nest of 
the last-mentioned bird is the one almost always chosen. 

Taking advantage of the absence of its dupe during the 
time of laying (which generally occupies four or five days), 
the cuckoo deposits its egg among the rest, abandoning 
it from that moment to the care of the foster parent As 
the same period of incubation is common to both birds, 
the eggs are hatched nearly together, which no sooner 
takes place than th® young cuckoo proceeds instinctively 
to eject its young companions and any remaining eggs 
from the nest. To effect this object, it contrives to work 
itself under its burden (the back at this early age being 
provided with a peculiar depression between the shoul- 
ders), and shuffling backwards to the edge of the nest, 
by a jerk rids itself of the incumbrance; and this opera- 
tion is repeated, till the whole being thrown over, it re- 
mains sole possessor. This particular tendency remains 
for about twelve days, after which the hollow space be- 
tween the shoulders is filled up ; and when prevented 
from accomplishing its purpose till the expiration of that 
time, as if conscious of inability, it suffers its companions 
to remain unmolested."^ 

Various supposed reasons have been assigned for this 
anomalous, and we might almost say unnatural, instinct. 

Some have attributed it to the displacement of certain 
viscera (the gizzard is said to be situate farther back than 
in most other birds), which unfits them for the purposes 
of incubation, while others imagine that the early period 
at which cuckoos migrate from this country (they are ge- 
nerally off by the beginning of July) makes it necessary 
that they should leave their offspring to the care of foster- 
parents.^ But anatomical investigation has not proved 
anything sufficiently peculiar in their structure to warrant 
the first conclusion ; and as to the second, it seems to us 
not so much a deduction from a regulating and causative 
fact in their history, as the statement of an additional cir- 
cumstance which renders that history still more singular, 
and which naturally leads to the question, not easily an- 
swered, of why do they migrate so early In short, we 
know nothing at all about the matter, further than that 
the cuckoo of Europe, like the cow-bunting of America, 
always lays eggs, but never hatches them. The same 
custom is alleged, we think upon a narrow and ill-consi-’ 
dered generalization, to characterize the other kinds of 
cuckoo. It may be a practice common to several species, 
but the rare black and white spotted cuckoo (Cuculus Pi- 
sanus, Gm., an odd name for an African bird, which hap- 
pened once upon a time to visit Tuscany) is stated by the 
authors of the Storia degli Uccelli to have built a nest irt 
the woods of Pisa, and reared four young ones. This spe- 
cies is extremely rare in Europe. It is known, however, 
in the Genoese territory, * and the young have been occa- 


* Ornithological Biography, i. 341. * British Ornithology, rol. i. p. 3Q8. ^ British OrnitJtology, yol i. p. 399. 

* Besides, in Italy and other southern parts of Europe, this migration does not take place till September, and yet the habits of the 
bird are precisely the same. Quelli uccellini,” says Savi, “ nel covo de’ quali il cuculo ha lasciato I’uovo, non vi fanno attenzione ; 
come uno de’ loro seguitano a covarlo, e quando e nato imboccano e custodiscono ii piccolo cuculo, con lo stesso amore, e con la cura 
niedeslma de* figU propri. Ma ben presto egli paga d’ingratitudine le^remure deli’amorosa sua balia : crescendo molto piu de coni» 
pagni, dopo poco tempo il nido h per lui troppo stretto : allora ricorre a un barbaro espediente per procurarsi un alloggio piu coniodo : 
&c-...^‘ Kipete quest operazione buccessivainente, in ragione che cresce, e che gli ^tri compagni lo incomodano, di modo cbe alia 
fine rimane solo nel nido usurpato. Cosi quei miseri uccelli che construirono il nido e che han fatto da balia al cuculo, sono da lui 
pnvati ad uno ad uno di tuttl i figli.” liegarding the movements of the parent bird in Italy, he observes, “ E uccello migratono s 
arriva neli’ Aprile, e parti in Setienibre. Appena arriva comincia a cantare, e quantunque il suo verso non abbiaalcuna yarieta, non 
ustante la voce essendo dolce e rotonda, si sente con piacere. Grandissiino ^ il numero cbe ne rimane yn loscana : won vi e bosco in 
monte o in piano, che in primavera ed in estate, non risuoni dal cu cu, cu cu^ di questo uccello. Nel Settembre ccmincia a xnuoversi 
per etnigare : allora in alcuni anni se ne vede passare uiia quantitd grandissima per la pianura Pisana. Nel Settembre del 1323, gli 
albevi deiio slradone che da Pisa va ai Parco Keale di S. liossore, attraversando vastissime praterie, ne furono pieni per una diecina 
di giorni. Volavano i cucuU da una pianta all’ altra, aiidavano a posarsi un poco sul prato, ritornavano sugli alberi, ma di la non si 
allontanavano, bench^ continuamente fossero molestati dai non pochi cacciatori che yi erano acccorsi. Quest! uccelli volano con grande 
agilitk, e spesso, particularmente andando a posarsi, senza muovere le all, come sogliono fare i FalchL** (Orniiologia Toscana, 1. 1. p. 162.J 

* Calvi, Catalogo d'Orniiologia di Genova^ p. 55. 
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. sicnally killed in the south of France.^ Many beautiful The one mentioned by Sparrmaa is said to attract the nor^Scansoreak 
cuckoos are found in foreign countries. tice of the Dutch and Hottentots by a shrill cry of cher^: 

Those of North America belong to the genus Coccyzus cher; and when it perceives itself observed, it flutters on-r 
of Vieillot, and are distinguished by a greater length wards to the hive of a wild bee, in hopes of partaking ofthe 
of tarsus. (Plate XL, figure 4.) They seem to delight plundered honey. « I have had frequent opportunities,’'* 
more in deep woodv solitudes than the true cuckoos, the he observes, “ of seeing this bird, and have been witness 
latter being often found on hilly pastures and open heathy to the destruction of several republics of bees, by means of 
ground, if fringed with wood. A stranger who visits the its treachery. I had, however, but two opportunities of 
United States for the purpose of examining their natural shooting it, which I did, to the great indignation of lay 
productions, and passes through the woods in May or June, Hottentots.” .It may be here noticed, we hope without 
will sometimes hear, as he traverses the borders of deep, offence, that naturalists themselves seem not seldom to 
retired, high- timbered hollows, an uncouth guttural sound, belong to that irritahik genusy of which poets are usually 
He will frequently hear this without being able to discover supposed to form the greater portion. Though Dr Sparr* 
the source from which it comes, as the yellow-billed cuckoo man asserts that he was a frequent eye-witness of the. cu- 
is both shy and solitary, and always rious instinctive habits of the honey-guide, yet Vaillant 
seeks the thickest foliage for concealment. This bird is of doubts if that traveller ever saw the bird at all. He says 
a grayish brown, with bronzed reflections, beneath white, that the account is merely a repetition of a fable believed 
the inner vanes of the primaries reddish cinnamon colour, and repeated by credulous people at the Cape, and that it 
the lower mandible white, and the length from bill to tail is erroneous to suppose that the bird seeks to draw man 
about twelve inches. Considerable discussion has taken after it for the purpose of sharing the plundered sweets, 
place among philologists regarding the native languages of the fact being, that it calls not the man, but that the latter 
North and South America,— remarkable, we are led to un- knows, by attending to the cry of the honey-guide while 
derstand, for their great number and striking dissimilarity, searching for its natural food, that he will be sure ere long 
We know not what may be the intention of the yellow- to find the stores of the industrious insect. According to 
billed cuckoo in speaking as he does, or whether he isdis- Bruce, the morocy for so this singular species is sometimes 
tinctly comprehended by his neighbours; but the follow- named, occurs in Abyssinia; and he too throws discredit 
ing is Mr NuttalFs account of the elements of his conver- on Sparrman’s statements,— his own being but ill received 
sation : “ The male frequently betrays his snug retreat by by not a few. However, Sir John Barrow, a careful and 
his monotonous and guttural how kow how howy or hoo accurate inquirer, though not a professed naturalist, con- 
hoo hoo kooy and ko huky ho kuky hoo hoo hoo kuky hoo ko firms it.by stating that people in the interior of the South 
hooy koo ko hooy uttered rather plaintively, like the call of of Africa are too well acquainted with the raoroc to have 
a dove. At other times the how how kow how, and Uk any doubts, either as to the bird itself, or its singular in* 

*ik Uk Hh *tahy or *kh *hh ^kh 'kaky kow how koto how, stinctive habits. 

beginning slow, rises, and becomes so quick as almost to The Barbacous of Vaillant (genus Monasa, Vieil.) are 
resemble the grating of a watchman's rattle, or else, com- South American birds, with rather conical elongated bills, 
mencing with this call, terminates in the distant cry of slightly arched towards the tip, and furnished at the base 
how how how,** From this peculiar iteration (Shakspeare with setaceous feathers. (Plate XL, figure 7.) Such 
would have called it “ damnable,” a word we sometimes are Cue* tranquilhi$ and tenehrosus of the older sj^stenis, 
hear in pulpits, but ourselves but seldom use), the species and the Bacco albifrons of Spix. We believe they are in- 
in question has received the name of ^oto-bird, and we do sectivorous. The Jfa/co/ia^ of Vaillant, again (genus Phce- 
not wonder at it. It may be satisfactory to know, that the NicoPHiEUS, Vieil.), are Asiatic species, of which the 
St Domingo cuckoo ( C. DondnicuSy Nut.) although it most anciently known is native to Ceylon. (Plate XII., 
sometimes cries both how how kow how and ^hh *kh 'M fig. 1.) We here place the Cuculus curvirosiris of Shaw, 

'M ’kahy yet often utters, in a raucous guttural voice, espe- Latham's red-headed cuckoo, pgrrhocephalus of ForstOr, 

cially preceding rain, a word which sounds like orrattoUoo &c. and certain recent species described by Dr Horsfield 
or worrattottooy exactly which has not been yet determined, and Sir Thomas Raffles. The preceding groups were all 
In the genus Cbntropus of Illiger the bill is compress- regarded as cuckoos by the older authors.* 
ed and carinated, and the nail of one of the hind toes is The genus Scythrops of Latham, however, has a much 
long, straight, and pointed, like a lark's. The tail is greatly stronger bill than any of these, marked by two slight lon- 
elongated. The species are native to India and Africa, gitudinal furrows. There is a naked space around the eye, 
where they build in hollow trees, and feed on locusts and and the nostrils are rounded. Only a single species is yet 
other insects. Such are Cuculus JSgyptiuSy Smegalm- known, / So . Novcb BollandioSy Lath., sometimes called the 
sisy Bengalensisy &c. The genus Leptqsomus of Vieil- channel bill, a most peculiar looking bird, of the size of a 
lot is constituted by the great Madagascar cuckoo (C. crow, gray above, beneath dingy white. (Plate XII., fig. 
cq/or, Lath. — Lep. viridisy Vieil.), the female of which, as 2.) In its bill it almost assimilates to the toucans, but its 
described by Buffon, is according to M. Lesson a distinct tongue is simple. Though it is mentioned both by White 
species — crombtis. These birds are said to be fru- and Phillips, we know as yet but little of its habits. ' It 
givorous. (Plate XL, figure 5.) occurs in New Holland, where it is sometimes seen in small 

In the genus Indicator, Vail.,* the bill is short, high, al- flocks, but more usually in pairs, frequenting trees, and ut- 
most conical. (Plate XL, figure 6.) The tail consists of tering during flight a loiid and screaming cry, not unlike 
twelve feathers, and is somewhat graduated, and at the same the crowing of a cock. Its food is said to consist both of 
time a little forked. The skin is described to be so hard fruits and insects. It also occurs in the Celebes, where its 
and tough as to resist the assaults of most hymenopterous in- voice presages rain. * 

sects ; but bees, which they incessantly torment, are said to ' The getousBucco oFLinn., is characterized by a thick&h 
sting them in the eyes. The species, few in number, are conical beak, bulged laterally from the base, and furnished 
known by the name of honey-guides, and inhabit Africa, with five fasciculi of barbs directed forwar<b. The wings 

^ Boiut, Ornithologie JProvengahj p. 105 . 

modifications of form exhibited by the Cuculida, and the numerous minor groups which have thencs'restiltedy iwf 
M. a d and a paper by Mr Bwainson in the MdgaHne cf Zoology and Botany, 
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• are short, and the flight heavy. The species feed on fruits 
and insects, and occasionally attack small birds. They 
build their nests in hollow trees. Cuvier divides them into 
three minor groups. The Barbicans of (Pogonias, 
Illiger) have one or two strong teeth on each side of the 

' upper bill, of which the ridge is arched and blunt. The 
barbs are very strong. (Plate XII., figure 3.) The spe- 
cies occur in Africa and India, and are more frugivorous 
than their congeners. Example, P, sulch'osirist Leach, 
ZooL MUc. xi. 76. The Barbus (genus Bucco, as re- 
stricted) have the bill simply conic, slightly compressed, 
the culmen blunt, and a little raised about the centre* 
The species live in pairs during the breeding season, 
and in small flocks at other times. They occur in both 
continents, and are adorned with lively colours, — Bucco 
gxandis, viridist Jlavifrons, &c. Lastly, the Tamatiasy 
'genus Tamatia, Cuv., have the bill more elongated and 
compressed, with the extremity^ of the upper mandible 
curved downwards. Their thick heads, large bills, and 
short tails, give them a stupid aspect. They inhabit 
"South America, feed on insects, and are of solitary ha- 
bits. Example, T. welanoleucoSy mela7iotis, &c. They 
are known by the English name of puff-birds ; and Mr 
Swainson describes them as sitting for hours together on 
a dead or withered branch, from which they dart from 
time to time on such unwary insects as approach within 
their reach. He adds, that the hermit-birds (genus Mo- 
nasa)y already mentioned, do the same, and frequently 
rise up perpendicularly into the air, making a swoop, and 
returning again to their former station. Similar manners 
belong to the jacamars, thousrh their flight is weaker. 

, In the genus Trogon the bill is also bearded, but shorty 
and broader than high, the upper edge rounded. Their 

• little feet are often feathered almost to the toes, and their 
soft, full, lax plpmage, and lengthened tails, bestow upon the 
species a peculiar aspect. (Plate XII., figure 4.) These 
birds abound in South America, where they conceal them- 
^selves in the central solitudes of umbrageous forests, and, 
^bxcept during the breeding season, dwell insulated and 
alone. They will sit motionless for half a summer’s day, 
often upon a withered branch, and if not concealed by some 
accidental intervening mass of foliage, they fall an easy prey 
to the keen-eyed hunter, who eagerly searches for birds not 
less remarkable for the delicacy of their flesh than the beauty 
of their plumage. During the morning and evening hours, 
Mr Swainson informs us, they become more active; ven- 
turing at these times into the open parts of the forest, 
and, taking a shady station, dart upon winged insects, 
particularly beetles. At other times they feed upon fruits, 
especially the rich purple berries of the different melastomae, 
“ at which,” says Mr Swainson, “ they invariably dart, pre- 
cisely as if they were insects capable of getting away.*' 
It has been remarked by the woodland hunters, that the 
skins of these birds are of such delicate texture as to be 
with difllculty preserved in a natural or complete condi- 
tion. It. is probably for this reason that in museums they 
exhibit a heavy, shapeless aspect, redeemed, it is true, by 
the gorgeous colours or metallic splendour of their plu- 
mage. The most magnificent of the genus is the quezal 
or golden trogon (T. pavoninuSy Temm.), a rare and re- 
markable species, of which neither delineation nor descrip- 
Hon can convey an adequate idea. The greater proper- 
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highly metallic feathers of the tail-coverts, extending about Scansores. 
three times the length of the whole body, present a com-'' 
bination of beauty almost unexampled in the feathered 
tribes. Tlie first specimens seen in this country were 
brought, we beiieve, by Mr Schenley from Vera Paez, in 
central America. They are celebrated in the Mexican 
mythology, and are much sought after as head-gear by 
Ae Peruvian damsels. Trogons, of other kinds, occur also 
in the Indian islands, and the warmer continental regions 
of the old world.^ 

The genus Crotophaga, Linn., is recognised by its 
thick, compressed, arched bill, without dentation, elevated, 
or surmounted by a vertical cutting crest. (Plate XIL, 
fig. 5.) The species called ants or keel-birds inhabit South 
America and the West Indies. They are of a familiar and 
gentle disposition in confinement, easily tamed, and maybe 
taught to speak. Their plumage is black, with metallic re- 
flections. They build in bushes (some say upon the ground), 
and several pairs will lay and hatch together in the same 
nest, which is made of size proportioned to the partnership. 

They feed on insects, keep much upon the ground, where 
they also attack maize and rice. M. Lesson says that C. 
major dwells more habitually on large trees, while C. minor 
prefers the savannahs and marshy meadows. Mr Swain- 
son never saw the common ani perch on any thing higher 
than a bush. 

The genus Eamphastos, Linn., is distinguished by its 
enormous bill, which in some instances is almost equal in 
size to the body. It is, however, extremely light, and 
cellular within, arched towards the extremity, and irregu- 
larly toothed along the margins.® The tongue is long, nar- 
row, and barbed on each side, like a feather. These birds, 
commonly called toucans, inhabit South America, where 
they live habitually in woods, and prey on fruits, eggs, 
and new-hatched birds. The species are pretty numerous, 
and almost all distinguished by brilliant colouring, wJiich 
however is somewhat too strongly contrasted, and conse- 
quently deficient in that fine gradation or harmonious 
blending which beautifies less gorgeous tribes. We have 
never chanced to see them in the living state, but in mu- 
seums they present a somewhat awkward aspect, fronoL 
their disproportioned bills, short feet, and lengthened tails. 

Their sense of smell is said to be extremely acute, — a fa- 
culty by some attributed to an extended ramification of 
nerves within the nasal portion of the bill. The genus is 
now divided into two: Is^, The toucans proper (genus 
Baiuphastos (Plate XIL, figure 6), which liave the 
largest bills, with the ground colour of the plumage usu- 
ally black, the throat, breast, and rump being more gaily 
ornamented with white, yellow, and red. 2dlys The ara- 
caris (genus Pteroglosstjs, Illiger, Plate XII., figure 
7), in which the bill is smaller tnan the head, and the 
ground colour of the plumage generally green, with red 
or yellow on the throat and breast. A live specimen 
of Bamphastos tucamiSy of which the manners have been 
described by Mr Vigors, was extremely fond of fruit, 
both fresh and dried. These it generally held for a short 
time in the extremity of the bill, touching them with ap- 
parent delight with its slender feathered tongue, and then 
tossing them into its throat by a sudden upward jerk. 

Its tendency to prey on animals was, however, strongly 
evinced by the excitement produced by the sight of a liv- 

• 1 • T _ J ."L . _ - 


tion of the plumage is apparently composed of burnished ing bird ; and the carnivorous propensities of another in- 


gold. The head ornamented by a brilliant crest of de- 
composed barbs, the wing-coverts falling in flakes of gol- 
den green over the deep purplish-black of the primary 
and secondary quill-feathers, the rich carmine of the lower 
parts bestowing a warmth and depth of effect which no 
Venetian painter ever equalled, and the long waving and 


dividual are curiously related by Mr Broderip. A gold- 
finch (though, we repeat, we approve not of the fact), in- 
troduced into the toucan’s cage, was seized and com- 
pressed so suddenly, that the poor little songster had only 
time to utter a short squeak before it was dead, with its 
bowels protruding. ’ The toucan then hopped with it to 


1 Mr Gould published a Monograph of the Trogonidee, with sumptuous coloured plates. 

5* On disseptfon, Professor Traill found it occupied by numerous blood-vessels and expansions of the olfactory nerve^ 
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Scansores» another perch, and began to strip ofF its feathers. When 
it was nearly naked, it broke the bones of the wings and 
legs, taking them in its bill, and giving them a strong la- 
teral wrench. Having reduced the little victim to a shape- 
less mass, it first swallowed the viscera, and then the re- 
maining parts, piece after piece, not even rejecting the 
legs and bill. Mr Broderip adds, that he has sometimes 
observed it return its food from its crop, and swallow it 
again, after a second mastication. 

The genus Psittacus, Linn., comprehending the almost 
innumerable tribe of parrots, lories, parrakeets, maccaws, 
and cockatoos, has the bill thick, hard, solid, rather short, 
rounded on all its outlines, deep, curved, and generally 
sharp-pointed. The tongue is almost always thick, round, 
and fleshy, and the lower larynx furnished on each side 
with three peculiar muscles, which probably contribute to 
the great facility with which these birds acquire the arti- 
culate intonation of the human voice. Their strong and 
powerful jaws are brought into action by muscles more 
numerous than usual. Tlieh* natural food consists of fruits 
and seeds. They climb trees with the greatest facility, 
and sus[)end themselves indifferently from feet or bill. 
Their voices are harsh and discordant, tlieir forms often 
elegant, their plumage usually of great richness. They 
form indeed a magnificent family, abundant in almost 
every region of the’ torrid zone, and in the new world ex- 
tending from the shores of the Ohio to the Straits of Ma- 
gellan, — thus presenting a vast and varied assemblage of 
species from every country of the world, excepting the 
comparatively cold and cloudy clime of Europe. The gor- 
geous maccaws are characteristic of South America, the 
cockatoos of New Holland and the Asiatic islands, the 
lories of the East Indies and the Moluccas; whilst several 
groups of parrots, parrakeets, are widely distributed 
oyer various regions of the earth. Above two hundred 
different kinds are known to naturalists. 

It was the opinion of BufFon that none of the parrot 
tribe extended either nonliwards or southwards beyond 
the twenty-fifth degree, on either side of the equator. 
Having apparently resolved, a priori^ on these lines of cir- 
cumvallation, he despised, as Pennant observed, the au- 
thority of the Dutch navigator Spilbergen, who was eye* 
witness to the woods of Terra del Fuego, the very south- 
ern boundary of the Straits of Magellan, in south latitude 
44®, being full of them. He might also have cited the evi- 
dence ol Captain Hood, who saw a parrot at Port Famine ; 
and of Coram^jdore Byron, who notwithstanding the cold- 
neSsS of the climate observed parrots innumerable in the 
woods of that same harbour. They were found by Captain 
Cook in New Zealand, by Captain Furneaux at Van Die- 
men’s Land, and by the learned Forster in the raw wet cli- 
mate of Dusky Bay. The emerald parrot, Psit. smaragdinus^ 
Gmel., was discovered in great numbers by Captain King, 
among thick underwood, in the Straits of Magellan, south 
latitude 53^® ; and others are well known to occur in Mac- 
qiiarrie Island, which lies in latitude 54;^® south. A spe- 
cies inhabits North America, extending even beyond the 
Illinois River to the neighbourhood of Lake Michigan, in 
the forty-second degree of* north latitude. It was seen by 
Alexander Wilson in the month of February, flying in 
docks along the banks of the Ohio, during a storm of snow, 
and yet in full rejoicing cry. These, and many similar facts, 
are now well known to naturalists. 

The modern subdivisions of this great natural family 
are too numerous and minute to be here recorded.^ We 
must therefore satisfy ourselves with a brief indication of 
the principal groups. , We presume nobody at this time 
ot day, under the pretence popular reading, desires to 


be edified by anecdotes of parrots, so we shall devote the Scansoroa. 
little space we can afford for miscellaneous matters, 
a few notices of some of the species which have bred in 
Europe. Of these we may here mention, as the prin- 
cipal, the great blue and butf maccaw (P. aramuna ) ; the 
gray parrot {P. erythneus ) ; the sinciale, ring-necked, and 
pavouan parrakeets (P. sincinlo, torquatus^ Guianensis) ; 
and the black-capped or Philippine lory (P, tricolor). 

The general belief is that the parrot tribe will not breed 
in Europe ; but knowing several instances to the contrary, 
we wish to impress upon the public the probability that 
many more would occur were the experiment tried with 
frequency and judgment. 

The gorgeous maccaws form the genus Macrocercxjs of 
Vieillot. The face is either naked, or merely striped with 
feathery lines, , The tail is very long, wedge-shaped, and 
sharp-pointed. (Plate XIIL, figure 1.) These birds, the 
largest and most magnificent of the parrot tribe, inhabit 
South America. The great scarlet maccaw (Psitlacus ara- 
canga^ Lath.), when in perfect plumage, sometimes mea- 
sures above three feet in length, the tail of course included. 

The prevailing plumage is scarlet, as its name implies, the 
wings blue, the wing-coverts varied with yellow, the cheeks 
white and wrinkled. It is certainly a sumptuous creature, 
but after all rather too like a richly liveried footman, — an 
association somewhat strengthened by its being so often seen 
as an inhabitant of lordly mansions, and surrounded by other 
menial bipeds, almost as gorgeous as itself. Our feelings 
would no doubt have been different had we ever witnessed 
their natural evolutions. “ It is a grand sight in Ornitho- 
logy*'^ says Waterton, “ to see thousands of aras dying 
over your head, low enough to let you have a full view of 
their flaming mantle.” How delightful would it have been, 
on some bright and dewy morning, to have accompanied 
Lord Anson to view a magnificent rapid in the island of 
Quibo. A fine river of transparent water there precipi- 
tates itself along a rocky channel, forming numerous fails, 
and the great disrupted rocks which form its boundary on 
either side are crowned with lofty forest trees. “ VVlulc 
the commodore and those who were with him attentively 
viewing the place, were remarking the different blendings 
of the waters, the rocks, and the woods, there came in 
sight as it were still more to heigliten and animate the 
prospect, a prodigious flight of maccaws, which hovering 
over this spot, and ol’ten whirling and playing on the wing 
about it, afforded a most brilliant appearance by the glit- 
tering of the sun upon their varied plumage ; so that some 
of the spectators cannot refrain from a kind of transport 
when they recount the complicated beauties which oc- 
curred at this extraordinary water-fall.” The blue and 
yellow species (P. araraunay Linn.) is little inferior to the 
preceding, either in size or sumptuousness. It is less com- 
mon, and seems to have been first described by Aldrovan- 
dus, from a specimen which he saw in the palace of the 
Duke of Mantua. It is said to be also less easily reclaim- 
ed as a domestic bird, — ^yet we have not seldom enjoyed 
the .society of a very fine example which made its way 
familiarly (such is its custom in the afternoon) amid the 
varied horticultural produce which graced the dessert of Dr 
Neill. Many other splendid species are described and 
figured in the works of naturalists. 

In the genus Aratinga of Spix, the bill is slender, 
dentated ; the orbits of the eyes naked, the cheeks rarely 
so ; the tail lengthened, wedge-shaped, the intermediate 
feathers prolonged. The species are peculiar to the new 
world. Such are Ar, Carolince-AugusUSy chrysocephalusy 
&c. To these the genus Psittacara of Vigors seems 
allied, the bill, however, being shorter and stouter, and 


Ph treatises that can be found on the parrot tribe are,— Cowrpfetw Prittacorwn, ab H. KuM, 

1 n. Ur. sc,, in ffowi Acad. Sat. Cur. tom. x. p. 1 ; and Wagler’e Monojp-apkia FiiUaccrum. 
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Scarsores. tlie upper mandible compressed at the tip. The head is 
featliered, but the orbits are naked. The species, such as 
P. squnmosits, &c. are likewise natives of South America. 

The genus Paljeornis of Vigors has the bill rather 
thick, the culmen of the upper mandible rounded, the 
lower broad, short, emarginate. The middle feathers of 
the tail are greatly lengthened. The most anciently known 
of the parrot race belong to this genus, such as the Alex- 
andrine parrakeet, and other long-tailed species, distin- 
guished by their elegance of form, their ruby-coloured 
bills, their semicircled necks, and the rich verdure of 
their plumage. The one just named is native to India 
and Ceylon, and derives its designation from the fact, real 
or supposed, of its having been first transported from Asia- 
tic countries by Alexander the Great. Its most distin- 
guishing characters consist in the broad black patch which 
occupies the fore-part of the throat, and extends laterally in 
two narrow processes on each side of the neck ; a black 
line stretches from the base of the beak to the eyes, and 
there is a deep purplish -red patch at the base of the wings. 
Its bill is larger than that of the rose-coloured parrakeet 
(jP. torquatus), which, however, it greatly resembles in its 
general aspect. The last-named species is widely spread 
over India, and as far eastward as Manilla. It appears, 
indeed, to be identical with another species extremely 
abundant on the African coasts, and well known in Prance 
under the title of perruche de SetiegaL In so far as any 
conclusion can be drawn from the vague and brief de- 
scriptions handed down by ancient writers, if: would appear 
that this species was, as it still continues to be, moi’e fre- 
quent in the days of antiquity than any of its congeners. No 
allusion is made by these authors to those specific marks by 
which the Alexandrine parrakeet is so clearly distinguish- 
ed, and the general description applies very closely to the 
rose-necked kind. That the latter was extensively known, 
and held in high esteem on account of the brilliancy of its 
plumage, the docility of its manners, and its successful 
imitative powers, is proved by innumerable passages in 
the classical writers of antiquity, more especially from the 
earliest times of the Roman empire, to a very late period 
of its annals.^ The Alexandrine parrot is generally sup- 
posed to have been brought to Europe from the island of 
Ceylon, the ancient Taprobane. ' In the reign of Nero, 
the Romans introduced other species from different quar- 
ters of Africa.^ They were highly prized by that luxu- 
rious people, who lodged them in superb cages of silver, 
ivory, and tortoise-shell ; and the price of a parrot in those 
days frequently exceeded that of a slave.® Nor did Ovid 
think it beneath him to write a lengthened elegy on the 
death of Corinna’s favourite, — a bird which, in the love it 
bore its mistress, seems to have emulated that of the 
dying Greek for his country ; — 

Clamavit moriens lingua, Corinna, Vale.* 

In the same group is generally included that beautiful 
and richly varied species from the Molucca Islands, called 
the blue-bellied parrakeet, Ps. cyanogaster, Shaw. Its 
tongue, in common with that of sevex*al New Holland par- 


rakeets, is finely ciliated at the tip on either side. Hence Scaasorefc 
the formation in their favour of Mr Vigors’s genus Tm- 
CHOGLossus. Vailliant, during his residence at the Cape, 
had an opportunity of studying the manners of a pair of 
the species just named, which had been imported from 
Amboyna. They bred during their confinement in the 
menagerie of M. Van Bletemberg, then governor of the 
Cape. The female deplumed her beautiful breast, and 
after having collected the feathers into a heap, deposited 
two round white eggs, on which she sat most assiduously, 
the male feeding her at intervals, by disinterestedly dis- 
gorging what he had swallowed, and presenting the same 
to his spouse. The young were produced at the end of 
nineteen days, and in the space of a few more became co- 
vered with a gray cinereous down, which was by degrees 
succeeded by green feathers on the body, and by blue ones 
on the head. At the end of three weeks they left the 
nest, and perched upon the neighbouring sticks, where 
the male and female fed them in concert, as above de- 
scribed, after the manner of pigeons. The parent birds 
continued to tend them in this manner for six months, 
and often afforded a very interesting scene, — the young 
being frequently seated beyond the female, and the male 
not being able to reach them, first presented the food to 
his mate, who immediately delivered it to her young. 

These, though of different sexes, were perfectly alike till 
the first moulting, at which time red feathers bordered 
with green began to appear upon the breast, and the male 
became distinguished by the blue patch upon the ab- 
domen,® 

In the genus Platycercus, Vigors, the tail is broad, 
depressed, and somewhat rounded. The species inhabit 
New Holland, and the islands of the South Pacific and In- 
dian Oceans. Examples PL PennantiL TabuensiSi &c. 

Among the perruches ordinaires of Cuvier (a portion of 
the genus Conurus, Kuhl), distinguished by a regularly 
graduated tail, without any disproportionate prolongation 
of the central feathers, we have the Carolina parrot of 
Wilson (Ps^ Carolinenszs, Linn.), a green plumaged bird, 
with yellow head and neck, the foreliead and cheeks orange. 

Of more than two hundred species now known to belong 
to the parrot tribe, this is the only one which inhabits the 
United States, where it is chiefly restricted to the warmer 
portions, — venturing but rarely beyond Virginia, West 
of the Alleghanies, however, circumstancesinduceitto visit 
much higher latitudes, — so that, following the great valley 
of the Mississippi, it is seen to frequent the banks of the 
Illinois, and occasionally to approach the southern shores 
of Lake Michigan. Straggling parties have even been 
sometimes observed in the valley of the Juniata, in Penn- 
sylvania ; and a flock, to the great surprise of the Dutch in- 
habitants of Albany, are said to have appeared in that vi- 
cinity. This species constantly inhabits and breeds in the 
southern states, and is so far hardy as to make its appear- 
ance, commonly in the depth of winter, along the woody 
banks of the Ohio, the interior of Alabama, and the banlw 
of the Mississippi and Missouri around St Louis and other 
places, when nearly all other southern birds have migrated 


* Ancient writers are unanimous in their statements that parrpts came to us first of all from India. Aristotle calls the Psittacus 

and Arrian also makes it a native of the East Jnd. cap. xv.). The parrots of Africa became fi^t knoi^m to 
the Romans in the time of Nero. (Plin. Nat. Hist. lib. vi. c. 29.) Por the classical history of these birds, see Mr Vigors s Sketches 
in Ornithology ,”-l-Zoo/o^ica/ Journal, vol. li. p. 37* 

S See Zoological Gardens, vol. ii. p. 96. 

® The splendour of a parrot’s cage is thus described by Statius 

At tibi quanta domus, rutila testudine fulgens, 

Connexusque ebori virgarum argenteus ordo, 

Argutumque tuo stridentia limina cornu, 

Et querulae jam sponte fores : vacat iUe beatui 

• Edinlurgh Cabinet Library, Africa, p.. 480. Shaw s Gcnerdt Zoology, vol. viii. p. 414. 
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-Scansores. berore the storms of that inclement season.^ We may 
judjre of the abundance of this sfiecies, oven up to a recent 
period, from the starenient of Vaillant, who assures us that 
be saw a package containing above 6000 skins, which had^ 
been sent to a pluiTicfssier at Paris, for the formation of 
ornamental dresses.^ Mr Audubon, however, discovered 
that their numbers were rapidly diminishing, and that in 
some districts where, not many years ago, they were plenti- 
ful, scarcely one was to be seen.* “ I should think,” he adds 
(speaking ofhis own time), that along the Mississippi there 
is not now half the number that’ existed fifteen years ago.” 
To illustrate the habits of these birds, we give the follow- 
ing account from the work of an English gentleman who 
settled in America. “The Carolina parrakeets in all 
their movements, which are uniformly gregarious show a 
peculiar predilection for the alluvial, rich, and dark forests 
bordering the principal rivers and larger streams, in which 
,the towering cypress^ and gigantic sycamore^ spread their 
vast summits, or stretch their innumerable arms, over a 
wide waste of moving or stagnant waters. From these, the 
beech, and the hack-berry,* they derivean important supply 
of food. The flocks, moving in the manner of wild pigeons, 
dart in swift and airy phalanx through the green boughs 
of the forest; screaming in a general concert, they wheel 
in wide and descending circles round the tall button-wood, 
and all alight in the same instant, their green lustre, like 
the fairy mantle, rendering them nearly invisible beneath 
the shady branches, where they sit, perhaps arranging 
their plumage, and, shuffling side by side, seem to caress 
and scratch each other’s heads with all the fondness and 
unvarying friendship of affectionate doves. If the gun 
thin their ranks, they hover over the screaming, wounded, 
or dying, and returning and flying around the place where 
they miss their companions, in their sympathy seem to lose 
all idea of impending danger. More fortunate in their ex- 
cursions, they next proceed to gratify the calls of hunger, 
and descend to the banks of the river or the neighbouring 
fields in quest of the inviting kernels of the cockle burr,® 
and probably of the bitter weed, 7 which they extract from 
their husks with great dexterity. In the depth of winter, 
when other resources begin to fail, they, in common with 
the yellow-bird and some other finches, assemble among 
the tall sycamores,® and, hanging from the extreme twigs, 
in the most airy and graceful postures, scatter around 
them a cloud of down from the pendant balls, in quest of 
the seeds which now afford them an ample repast. With 
that peculiar caprice, or perhaps appetite, which charac- 
terizes them, they are also observed to frequent the saline 
springs or Hckst to gratify their uncommon taste for salt. 
Out of mere wantonness, they often frequent the orchards, 
and appear delighted with the fruitless frolic of pluck- 
ing apples from the trees, and strewing them on the ground 
untasted. So common is this practice among them in 
Arkansas territory, that no apples are ever suffered to 
ripen. They are also fond df some sorts of berries, and 
particularly of mulberries, which they eat piecemeal in 
their usual manner, as they hold them by the foot. Ac- 
cording to Audubon, they likewise attack the outstanding 
stacks of grain in flocks, committing great waste ; and on 
these occasions, as well as the former, they are so bold 
or incautious as readily to become the prey of the sports- 
man in great numbers. Peculiarity of food appears wholly 
to influence the visits and residence of this bird, and in 
plain, champaign, or mountainous countries, they are 
wholly strangers, though common along the banks of all . 
the intermediate water- courses and lagoons. 


« Oftheir manners at the interesting period of propagation Scansoreit 
and incubation we are not yet satisfactorilyinformed. They 
nest in hollow trees, and take little if any pains to provide 
more than a simple hollow in which to lay their eggs, like the 
woodpeckers. Several females deposit their eggs in the same 
cavity ; the number laid by each is said to be only three, 
which are nearly round, and of a light-greenibh v\hite.® 

They are at all times particularly attached to the large sy- 
camores, in the hollow trunks of wliich they roost in close 
community, and enter at the same aperture, into which 
they climb. They are said to cling close to tlie sides of 
the tree, holding fast by the claws and bill; and into 
these hollows they often retire during the day, either in 
very warm or inclement weather, to sleep or pass away 
the time in indolent and social security, like the Rupicolas^^ 
of the Peruvian caves, at length only hastily aroused to 
forage at the calls of hunger. Indeed, from the swiftness 
and celerity of their aerial movements, darting through the 
gleaming sunshine, like so many sylvan cherubs, decked in 
green and gold, it is obvious that their actions as well as 
their manners are not calculated for any long endurance, 
and, shy and retiring from all society but that to which 
they are inseparably wedded, they rove abroad with inces- 
sant activity, until their wants are gratified, when, hid from 
sight, they again relapse into that indolence which seems 
a relief to their exertions.”^^ 

The pavouan parrakeet (Ps. Guianensis^ Lath.) belongs 
to our present group. This species is native to Cayenne, 
and the Antilles, where it is not uncommon, often flying 
about in flocks, frequenting the wooded savannahs, and 
feeding by preference on the berries of Erythrina coraU 
lodendron. Its length is about twelve inches, its prevail- 
ing plumage green, the cheeks and sides of the neclc being 
speckled with bright red, which becomes more conspicu- 
ous as the bird advances in age; the smaller wing-coverts 
are bright red, the greater yellow, and both the quill and 
tail feathers are dusky yellow beneath. The bill is wliit- 
ish, the legs and feet gray. We owe to M. Gabriac the 
following interesting particulars regarding the breeding of 
a pair of this species in the domestic state. Two cages 
were prepared for their reception in the month of April. 

They were placed contiguous, but communicating only by 
a small door, and the one enjoyed the “ blessed light of 
day,” while the other was kept covered, so that no light 
could enter but by the mutual door. The latter also con- 
tained an abundant supply of saw-dust. The birds were 
placed in the open apartment, which was the larger of fhe 
two, and they speedily showed symptoms of tender attach- 
ment to each other. They long declined, however, to en- 
ter the darkened dwelling, although the female put in her 
head, withdrew it again, advanced part of her body, then 
returned tail foremost,— but finally, after several days of 
hesitation, she entered the mysterious chamber. There 
she expressed her satisfaction by little kindly cheerful 
cries, and often called in the male, who exhibited every 
proof of affection. She soon began to scrape about, and 
arrange a kind of nest, and on the 18th of May she layed 
her first egg, succeeded at intervals of three days by a se- 
cond, third, and fourth, — after which she sat assiduously. 

The male took no share in the hatching, but he kept con- 
stantly close by the nest, as if to cheer her sedentary hours. 

He did not however allow his affection to his wife to inter- 
fere with his duty to his hoped-for family. If the female, 
who never left the nest but to solace herself mth meat 
and drink, appeared to devote too much time to that indul- 
gence, he remanded her back by a little blow with his 
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S^sores.beak, which occasionally produced something approaching row feathers, and the face naked. The tongue is cylin- Scansorefc 
to a quarrel. At the termination of twenty-five days, there drical, lengthened, and tubular, capable of being greatly 
being no appearance of progeny, the eggs v/ere purposely protruded from the mouth, and ending in a kind of corne- 
withdrawn and broken, and were found to contain young ous gland, cloven at the tip, (See Plate XTII,, figures 5 
in different stages of development, but all dead. This re- and 6.) The legs are more naked than usual, and the tarsi, 
suit was attributed to stormy weather, which had pre- on which they occasionally rest while walking, very short 
vailed during incubation. Fortunately a second laying, and square. The tail is square or even. We are not ac* 
accompanied by the same circumstances as the first, com- quainted with more than two species, both from eastera 
menced on the 14th of July, and after twenty-three days, countries. The black or giant cockatoo (jPs- gigas), called 
counted rigorously, the young appeared from each egg in by old Edwards ‘‘ a parrot of the first magnitude,” and Ps. 
a succession corresponding to the order of laying. They aterrimus of Gmelin, are the birds alluded to. Their sy- 
were at first covered by a grayish down, and were cherish- nonymy seems confused. They inhabit New Guinea and 
ed with the tenderest solicitude by the parents, who on the isle of Waigiou ; and Edwardses figure was taken from 
the approach of any threatened danger defended them a living specimen in Ceylon, but whether indigenous or 
with the greatest courage. It was in truth a curious sight imported does not appear. Vaillant observes of one of 
to see two creatures before so kind and tenderly afiec- the species (his ara noir d trompe)^ that in cold weather 
tionate t<? those around them, so grateful for their food, it covered the bare space on each side of its face by low-' 
and so solicitous of human kindness, converted by the efing over them the feathers of the crest, 
strength of this new passion into little tigers, and so in- The great New Holland species, called the Banksian 
tractable as to attend no longer to fair hands or gentle cockatoo, discovered in the course of Captain Cook's first 
voices. This natural wildness showed itself also strongly circumnavigation, forms, with others, the modern genus 
in the young ones, who recognised alone their parents, CalygUyrhynchm^ (Plate XIIL, figure 2.) These large 
and bit and scratched at all the world besides. dark-coloured species are as yet but ill defined. They are 

A few species have the tail square, with the central fea- said to live on roots ; but Mr Bennet alludes to one which 
thers prolonged, and these in Ps^ seiarius, Temm. PL CoL feeds on the larvae of insects, as well as on the seeds of 
15, are bare of barbs, except at the tip. Banksia, Hakea, and even of Xanthorrhoea, or grass tree ; 

The great mass of parrots properly so called, belonging and in the travels of that gentleman we find the following 
to the restricted genus Psittacus, have the bill rather passage, which relates to a certain locality in New Holland, 
strong, the face clothed with feathers, the head large, “ Black and white cockatoos had lately become very nu- 
without crest, the body thick, and the tail rather short and merous about this part of the country : the former appear- 
square. Green is the prevailing colour of the plumage, ed to have been attracted by some trees that had been 
and the species are native to various countries both of the felled when clearing a spot of land for cultivation, — as these 
old world and the new. One of the best known, and birds visit the dead or fallen trees to procure the larvse of 
most remarkable for its easy docility, the distinctness of insects that breed in them. 1 have seen, more than once, 
its articulation, and general loquacious powers, is the com- small trees lying prostrate, occasioned by the powerful bills 
mon gray parrot, Psi erythacus, of which the tail is red, of the large black cockatoos, who, observing on the trunk, 
and the orbits white and naked. It is an African species, externally, indications of a larva being within, have diligent- 
and one of the earliest and most frequently imported. It ly laboured to extract it; and should the object of their 
has been known to breed in Europe, — a French gentleman search be situated (as often occurs) far in, before they reach 
at Marmande having had a pair which produced young it the trunk is so much cut through, that the slightest puff 
ones for five or six years successively. They made their of wind lays it prostrate.”^ 

nest in spring, in a cask filled with saw-dust, the number The white-plumaged cockatoos, with conspicuous crests, 
of eggs being four, of which one was always unproductive, tinged in part with orange, red, or yellow, pertain to the 
According to Labat a similar instance had previously oc- genus Plvctolophus, Vieil. (Plate XIIL, figure 3.)' 
curved at Paris. Our present square-tailed group is very They inhabit New Holland and the eastern islands, and are 
numerous. remarkable for their great docility. They are said to pre* 

The lories (genus Lorius, Vig,) have the bill rather fer the vicinity of marshy places, 
attenuated, the upper mandible much arched, compressed, A beautiful small parrot, with longer legs than usual, 
the lower lengthened, and nearly entire. The tongue is and straighter claws, forms the genus Pezoporus, Illiger. 
described as bristly and tubular. The tail is rather short, It is green and yellow, spotted with black, the frontlet 
slightly graduated. Various shades of red form the pre- red, the tail long and graduated. The outer hind claw is 
vailing colour of the plumage. The species inhabit the very long. This singular bird, commonly called the ground 
East Indies and the Asiatic islands. Example, Ps. wm- parrot (P. terreslrisy Shaw, — P.formosus^ Latham), differs 
color, garrulus, &c. from its congeners in hardly ever perching upon trees. It 

Certain short-tailed species, of small size, which inhabit remains upon the ground in sedgy plains, or runs among 
the tropical countries of both the new and old world, form the lung grass, almost after the manner of a rail. (Plate 
the genus Psittaculus of Kuhl. Such are Ps. passerinus, XIIL, figure 4.) 

tui, &c. They are erroneously called parrakeets by some At the conclusion of the scansorial order Cuvier has 
of our English writers, a name which would confound them placed two genera which have certainly but little in com- 
with the long-tailed species already alluded to, and more mon with the preceding groups, and whicli some consider 
generally recognised under that title. The vast extent of as allied to the gallinaceous order, while others have plact-a 
the parrot tribe renders subdivision extremely desirable as them in the conirostral tribe of Passeres, — we mean Cory- 
a matter of convenience ; but it must be confessed that a thaix and Musophaga. In both the bill is rather short, 
mere difference in size and colour is not of itself sufficient the upper mandible bulged or rounded, the feet have a 
to authorize the separation of groups, or the formation of short membrane between the toes, and although these are 
genera. not placed exactly in pairs, yet the outer toe is versatile 

The genus Microglossus, Vieil., is, however, better to a considerable degree. The nostrils are simply pierced 
founded. The bill, especially the upper mandible, is very in the corneous portion of the bill, the margins ot which 
large and strong, the head ornamented by a crest of nar- are dentated. In the plantain-eaters (genus Musophaga 
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Bafor««. isert, Plate XIIL, figure 8) the base of the bill forms 
a raised expancletl disk upon the forehead. The violet 
plantain-eater (if/l violacea) is a bird of great beauty, the 
general plumage being of a rich glossy violet blacky the 
crown and primaries crimson, the bill yellow tipt with red, 
and a clear white stripe beneath the eye. It occurs in 
the province of Acra, in Guinea, and in other parts of 
Western Africa, and feeds on the fruit of the musa or 
plantain tree. The touracos (genus Corythaix, Illiger, 
Plate XIIL, figure 7) want the expansion at the base 
of the bill, and have the head adorned by an elongat- 
ed crest Several beautiful species belong to this genus, 
such as the Cuculus Persa of Linn., a native of the Cape, 
— of a fine green colour, with a portion of the quill-fea- 
thers crimson. Vaillant informs us that there are great 
numbers of these birds in the country of the Kottinquas, — 
that they are very difficult to shoot, as they perch only on 
the summits of the tallest trees, and rarely suffer any one 
to approach within gun-shot, — but that they are easily 
caught alive in snares baited with such fruits as are in 
season. He adds, that they are excellent eating. Another 
species of this genus, which it is delightful to look upon, 
is the Pauline touraco, C. Paulina^ also a native of South- 
ern Africa. M. Vieillot, who had occasion to examine 
one alive in Paris, informs us that its manners were mild 
and familiar, that it lived on succulent ftuits, and was fond 
of sugar. Its habits were active, its voice sonorous, and 
apparently ventriloqual. 

Order IV.— RASORES.^ 

OALLtNACEOUS OB RASOBIAL BIRDS. 

The species of this order, by far the most valuable to the 
human race of all the feathered tribes (how many, regard- 
less of Ornithology, yet dwell with pleasure on a roast- 
ed turkey), are characterized by a rather short and con- 
vex bill. The upper mandible is somewhat curved, and 
furnished M'itli a cere, sometimes naked, sometimes fea- 
thered. The head is generally small in proportion to the 
body. The nostrils are placed on each side of the bill, 
and usually in a fleshy protecting membrane. The tarsi 
are for the most part elongated. The toes are four in 
number, three of which are anterior, and united by a mem- 
brane more or less extended, at their bases; the fourth, 
posterior, is articulated higher than the others, and is in 
some cases very small, or even entirely wanting. 

This order, as we have elsewhere noticed, contains se- 
veral of the most ornamental, and a great majority of the 
most highly prized and useful species of the feathered 
race. While the peacock and golden pheasant stand un- 
rivalled alike for elegance of form and beauty of plumage, 
the turkey and domestic fowl, the grouse quail and par- 
tridge, lay claim to more substantial though less sentimen- 
tal regard, as conducing in no small degree to the social 
enjoyments of civilized life. Gallinaceous birds are gene- 
rally di^tiiiguished by a bulky form, and a heavy and some- 
what laborious flight. In fact, the sternum or breast-bone 
IS so deeply notched on either side as to diminish the sup- 
port afforded to the action of the pectoral muscles ; and the 
power of the wings, and consequent duration and velocity 
of their movements, suffer a corresponding diminution. 

With the exception of the alectors or curassoes, few 
of the gallinaceous species build on trees (in which they 
differ remarkably from the preceding orders), though all 
delight in basking on the ground, and scraping in the dry 
and sultry soil, for which purpose they are provided with 
luuscular limbs and feet. They live upon all sorts of grain 


and seeds,— occasionally upon berries, or the buds of shrubs llasorea. 
and trees, — and, the younger birds especially, show them- 
selves sufficiently eager and expert in the capture of in- 
sect prey. The females lay a great number of eggs, in a 
rude and carelessly constructed nest ; and the newly-pro- 
duced offspring, unlike the callow nestlings of the other 
orders, though they remain for some time associated with 
their parents, run swiftly, and pick freely from their first 
exclusion. The males, particularly towards the breeding 
season, are quarrelsome and courageous, — indulging in 
frequent and sometimes fatal contention. Tliey are often 
furnished with spurs. In the satyr pheasant both sexes 
are so armed, and the males are moreover provided with a 
couple of horns. In the polyplectron the tarsi of the male 
are doubly armed, there being two spurs on each leg. 

In their general form and habits, the particular structure 
and functions of the digestive system, and the great bene- 
fits wdiich they confer upon the Imman race, birds of this 
order have been observed to bear a considerable resem- 
blance to the ruminating or herbivorous quadrupeds. Like 
these, their stomach is of a more complex character, 
consisting of a dilated membranous pouch or crop, and 
a muscular gizzard,— in the former of whicli their Ibod is 
rendered moist and pulpy, in the latter it is bruised and 
broken, and otherwise prepared for the production of the 
life-sustaining chyle ; whereas in accipitrine birds the 
crop is either inconspicuous or non-existent, and the sto- 
• mach, if not membranous, at least has its muscular coating 
very thin. The intestine in gallinaceous birds is rather 
long and wide, of nearly uniform diameter, and provided 
with two enormous ca^ca. Their flesh, we need scarcely 
say, is very delicate, and highly esteemed as a pleasing 
and nutritious food. It varies considerably in colour,— 
that of the turkey and common poultry being white, of the 
moor grouse brownish red, while the breast of tlie black- 
cock presents two distinct layers of red and white, the one 
imposed upon the other. We allude at present to its cw- 
linary aspect. 

Naturalists have erred in assigning the polygamous ha- 
bit as a general characteristic of our present order The 
instinct to j^air, or habit of monogamy, is no doubt be- 
stowed only on those species to which it is necessary fqr 
the sustentation of their young, and differs considerably in 
the nature and permanence of the attachment, accord- 
ing as the nest is placed above or upon the surface of the 
ground. All birds which build on trees, as was long ago 
observed by Lord Karnes, are hatched blind, or extrenae- 
ly defective in the sense of sight, and almost without fea- 
thers, — thus requiring the sedulous care of both parents. 

But the generality even of gallinaceous birds, which breed 
upon the ground, do likewise pair, though the hatching of 
the eggs is entirely confided to the female, who completes 
her task by leading the young towards tlieir proper food, 
which they are able to select for themselves, being active, 
completely formed, and well feathered, from their first ex- 
clusion. What is indeed more beautiful than the fond 
affection of these devoted creatures, teaching in the blind- 
ness of instinctive love, a lesson to proud but cold huma- 
nity? Who knoweth not (now divinely told) how the 
hen doth gather her brood beneath her wings \ how she 
shelters them from the nipping blast, expanding her downy 
breast and feathery pinions, till she becomes a populous 
tabernacle, a living temple of maternal love, beset with 
small protruding bills, and. bright but gentle eyes ; how 
she will dare, with upraised ruffled plumes, the fiercest on- 
set of the direst foe, — the callous school-boy with his 
threatening club, the snarling cur-dog with his ivory fangs, 
the insidious weasel, creeping serpent-like through tangled 
herbage, or the bolder bird of prey, ** lord of the lion 
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I^as ores.^ heart and eagle eye/’ descending swift and sure, like thun- trees, and dwelling gregariously in love and amity. They 
der-bolt from heaven ! What are each or all of these in are known under the by no means euphonious names of 
dread array, with death itself, to her at other times a fear- hoccos Sindjacons (words which we shall not pronounce ex- 
ful creature, but now pervaded by the deep intensity of cept when necessary), and are arranged as follows by Ba- 
mother love ? Who knoweth not these things may have ron Cuvier. The hoccos properly so called, which are alsa 
wandered far through wood and wilderness, up vast and known as curassoes (genus Crax, Linn,, Plate XIV., 
lonely mountains, in moist and green savannahs, o’er dry fig. 1), have the bill strong, and its base surrounded by a 
and desert sands, — but he has never turned a kindly and skin sometimes of lively colour, and containing the nostrils, 
considerate eye towards perhaps the too familiar features The head is ornamented by a tuft of long, narrow, recurved 
of some lowly farm-stead close by his early home. Yet to feathers. The most common kind is the Crctx alector^ or 
such thoughts the mind, in those that loved them once, not crested curasso, which was at one time almost completely 
seldom turns. The hoary worn-out warrior, with “ scars acclimated in Holland, where they were as prolific as corn- 
entrenched,” and decked with emblems of the blood-stain- mon poultry. It is so frequent in the woods of Guiana as 
ed field, — the smooth but hollow statesman, gorgeous on to form, according to M. Sonnini, the surest resource 
gala days in regal throngs, — the lawyer with insidious of every hungry traveller whose stock of provisions may 
tongue, by which the worse is made the better reason, — be found exhausted, and who has therefore become de- 
the nabob “ with visage discomposed,” sallow as his gold pendent on his gun. They are gregarious, and even when 
(his heart as pure ?), — the soft physician, with stilly foot a considerable number have been shot, the rest will re-* 
and ever ready palm, — the merchant prince dreaming of main quietly perched, as if unconscious of the surrounding 
Tyre and Sidon,” of freighted vessels, and “ the injuri- slaughter. Several other species are described in syste- 
ous sea,” — think they not often of their boyish years, when matic works. (7. glohicera is distinguished by a large 
one bright summer day seemed like a century of such de- rounded tubercle on the base of the upper mandible, 
light as all their best planned schemes of proud ambition In the genus Ourax, Cuv., the bill is shorter and thicker, 
since then have yielded never ? But in these fantastic with its basal membrane, as well as the greater portion of 
thoughts forget we not our gallinaceous order 9 the head, covered with short, velvety feathers. (Plate 

The male, though somewhat less assiduous than the fe- XIV., figure 2.) Here is placed the Ourax pauxi 
male, continues to manifest a certain degree of parental (^Crax pauxi^ Linn.), or galeated curasso, a large turkey- 
solicitude, by uttering the alarm note on the approach of like bird, with plumage of a shining black with green re- 
birds of prey, or other dangerous foes. Black game and flections, the abdomen and under tail-coverts white. At 
wood grouse, however, do not seem to pair at all, but in the the base of the beak is a great oval tubercle, of a pale 
genial spring a male assembles round him a certain num- blue colour, and as hard as stone. The structure or posi- 
ber of devoted females, which afterwards deposit their tion of the windpipe is peculiar. ‘‘ Sa trachee,” says Cu-^ 
eggs, and rear their young altogether independent of the vier, descend dehors, le long du c6t6 droit jusqu’en ar- 
male parent. These birds are therefore polygamous in liire du sternum, se recourbe versTe c6t6 gauche, et re- 
the proper acceptation of the term. Indeed, even among vient en avant pour rentrer dans la poitrine par la four- 
herbivorous quadrupeds pairing is rare, because the female chette. Tous ces anneaux sont comprimes.” This species 
can suckle her young while she herself is feeding ; — but ,is a native of Mexico, where it lives gregariously, perching 
the monogamous habit probably obtains among most carni- on trees, but building usually on the ground, and leading 
vorous quadrupeds, and certainly among all carnivorous about its young after the manner of the pheasant and com- 
Lirds, because Incubation leaves the female no sufiicient mon hen* It is easily domesticated, 
time to hunt for food,^ and because young birds cannot The guans or yacous, genus Penelope of Merrem, have 
bear a long fast, and therefore require the assistance of the bill more slender than the preceding, with a bare space 
both parents while unable to provide for themselves. around the eye, and on the lower part of the throat, — the 

An extraordinary circumstance has been observed in latter generally capable of inflation. The individuals of 
the females of certain genera of this order, viz. an assump- the same species seem to vary considerably, so that many 
tion of the male plumage after a certain period of life, doubtful kinds have been described by naturalists. ^ The 
We believe it to be a fact in the natural history of com- guan, commonly so called (^Fen, cristaia^ Gmelin), is the 
mon poultry, that all hen-birds which either by accident largest of the genus, measuring about thirty inches in total 
or design have been allowed to attain the age of sixteen length. The whole upper surface of the body is of a dusky 
years complete, have been observed to assume the plumage black or bronze colour, glossed with green and olive. The 
of cocks ! The same change has been seen to take place feathers on the back of the head form a thick erectile crest, 
both in the female pheasant and the pea-hen, but at more The fore part of the neck and breast are spotted with white, 
indeterminate periods of life, and less in connection with each feather being surrounded by a white border. The- 
an advanced age. Though these facts have not escaped naked part of the throat is bright scarlet, with a depend-- 
the observation of the philosophical naturalist, yet the ing fold of the same colour. The manners of this bird re- 
different circumstances attending their occurrence have serable those of the curassoes. They search for food along 
not been detailed with sufficient frequency or fulness to the ground, but perch and build upon the tops of trees, 
admit of any satisfactory theory being offered in their ex- They are less gregarious, generally keeping together in 
planation.® We shall conclude these general remarks by pairs, and remarkable, it is said, for the strictest constancy, 
observing, that the gallinaceous order, with the exception and their strong attachment to each other, — ^being thus 
of the pigeon tribe, and the genus Opisthocomus (Jhaozin^ deserving of the name they bear, that of the devoted con- 
Buffon), which certainly offer some very anomalous cha- sort of Ulysses. 

racters, is naturally and consistently composed. We shall The genus Ortilda of Merrem scarcely differs from 
now proceed to a brief notice of the principal genera. the preceding, except in having a much smaller portion bare 
The birds known by the general name of Alectors are around the eye and throat. We are acquainted with only 
species of large size from South America, somewhat allied a single species, the Phasianus motrmt of Gmelin (Phasm 
to turkeys. Their tails are broad and rounded, and com- parragua. Lath.). Its voice is very strong, and the wind- 
posed of large stiff feathers. They inhabit woods, living pipe descends beneath the skin towards the abdomen, and 
on fruits and buds, perching and building their nests on then remounts into the chest. The plumage is of a bronzed 

See Karnes's Sketohet, * Wilson’s Jllustrationi of Zoology^ vol. i Order Gallina. 
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Rasores, brown abovej and ashy-white below, the crest red. It in- 
habits Brazil, Paraguay, and Guiana. Two other species 
are described by M. Lesson, OtL Goudotii and sqtiamaia ^ — 
the former inhabits the mountains of Santa Fe de Bogota, 
the latter is native to Brazil/ 

The genus Opisthocomus of Hoffmansegg {Sosa of 
Vieil.) is associated in our present system with the preced- 
ing electors. The only known species (JPha&ianm crista- 
iicSf Lath.) has the bill short and thick, the nostrils pierced 
in its corneous portion, without the usual surrounding mem- 
brane. The head bears a crest of long, slender, decomposed 
feathers, and the toes (in which character it also differs 
from all the genuine gallinaceous kind) have no connect- 
ing membrane at the base. The bird occurs in Guiana, 
where it is usually seen perched in places subject to inun- 
dation. It lives chiefly on the leaves and seeds of a species 
of arum. Its flesh has a strong smell of castoreum, and is 
used only as a bait for fishes. ** II forme,” says Baron 
Cuvier, “ un genre tres distinct des autres gallinacees, et 
qui pourra devenir le type d’un famille particuliere quand 
on connaitra son anatom ie.”^ Its true situation in the na- 
tural system seems at present quite uncertain, but, from its 
great diversity in different works, must assuredly in some 
be most erroneous. 

In the genus Pavo of Linn., the bill, of moderate size, 
is bare at the base, the nostrils lateral, sub-basal, open. 
The head is crested, the cheeks are naked, or nearly so. 
The tarsi are rather long, and armed with a conical spur. 
The upper coverts of the tail are of singular length and 
magnificence. The tail itself is erectile and wedge-shaped. 
The wings are rather short. This genus, as now restricted, 
contains only two species. The common peacock (Pavo 
eristatus, Linn.), so much admired for the surpassing splen- 
dour of its plumage, and now so familiarly known as a do- 
mestic bird, has probably been reduced to a state of de- 
pendence, if not of servitude, for some thousand years. 
The earliest notice we possess of it is contained in the se- 
cond book of Chronicles. For the king’s ships went to 
Tarshish with the servants of Hiram : every three years 
once came the ships of Tarshish, bringing gold, and silver, 
ivory, and apes, and peacocks.’* The introduction of this 
beautiful bird to the western countries of Europe has never 
been clearly traced, — ^but every step of its progress has no 
doubt been owing rather to the agency of man than the in- 
stinct of nature. Its inborn tendency would clearly have 
been to return to whence it came, — to seek again the per- 
petual sunshine, and ever-verdant forests of Asia, the 
banks of Ganges or Hydaspes, Indian streams.” It ap- 
pears to have been unknown even in Greece during the early 
manhood of Alexander the Great, by whom it was first 
observed with no Jess wonder than delight in the progress 
of his southern expedition, and then transmitted to his na- 
tive country. There, however, it must have multiplied 
speedily, as Aristotle, who died in a year or two after “ the 
great Emathian conqueror,” mentions the peacock as a 
well-known bird. It is now distributed among most civi- 
lized nations, beautifying with lustrous train our verdant 
lawns, and arching its proud emblazoned neck among the 
“ ancestral trees” of many lordly dwellings. The cry of 
the peacock, unless when mellowed by distance, is harsh 
and unmusical, but extends far and wide. Indeed the notes 
of all birds, Whether musically toned or inharmonious, are 
very clear and forcible. The voice of a blackbird may be 
heard as far as that of a man,— the clanging cry of the 


stork has been calculated to fill a circumference of nearly Kasorou 
half a league, and the harsh scream of the peacock extends 
as far as that of an elephant.® Mr Waterton observes, that 
the singular metallic note of the campanero or bell-bird of 
America is audible from a distance of three miles. 

The only other species of this genus (as now restricted) 
is the Japan or Javanese peacock (P. Japonensis^ Briss., — 

P. Javamcus, Horsfield), of which w^e have elsewhere 
figured both the adult male and young, under the name 
of Aldrovandine peacock, from the specimens in the Edin- 
burgh Museum.^ It occurs *in Japan, Java, and other 
eastern and southern regions of Asia. The particular 
markings and general distribution of the colours in the 
train scarcely differ from those of the better-known species ; 
but the Aldrovandine bird may be distinguished at first 
sight from the common kind, by a difference in the form, 
colour, and consistence of the cervical feathers; by the 
shape and structure of the occipital crest, of which the 
plumes are lance-shaped, or broadly linear, and barbed 
throughout their entire length, instead of being merely 
tufted at the extremities ; by the dissimilar plumage of the 
wing-coverts, and the number of feathers in the tail, which 
in the former consists of twenty, in the latter of only 
eighteen. 

The genus Polyplectron, Temm., contains a few spe- 
cies formerly classed with the preceding, but of smaller 
size, and distinguished by a pair of spurs on each tarsus. 

Such is the beautiful Thibet peacock (Pol Tkihetanus)^ the 
peacock-pheasant of Edwards, of which a great proportion 
of the plumage is ornamented by large and very brilliant 
spots of greenish blue, changing with the varying light to 
gold and purple, and surrounded by circles of black and 
yellowish white. The male is about the size of the golden 
pheasant. The plumage of the female is less brilliant, 
and her tail shorter. The colour in the young of both 
sexes is earthy gray, with large spots and small lines of 
brown. This species is of easy domestication, and not re- 
markable for shyness even in a state of nature. It is na- 
tive to the mountains of Thibet, and is said also to occur 
in China. At least it is frequent in the aviaries of that 
leaf-soaking people. 

The genus Lophophorus, Temm., distinguished by its 
tufted hanging crest, and strongly bent and broadly mar- 
gined bill, contains that splendid bird the Impeyari phea- 
sant (Loph, refulgens)^ of which the colours of the plumage 
are so exceedingly brilliant from their metallic lustre, and 
so variable according to the direction of the light or the 
position of the spectator, that they cannot be expressed 
by words, and even the skill of the most accomplished 
painter would in vain attempt to equal the bright original. 

Purple, green, and gold, are the prevailing hues. The fe- 
male, however, is almost entirely destitute of metallic splen- 
dour. This bird inhabits the mountains in the northern 
parts of Hindustan. Lady Irapey endeavoured to trans- 
port it alive to England, but it died on the passage. It is 
known to the natives by the name of monaul^ which signi- 
fies the bird of gold. 

The genus Meleagris, Linn., distinguished by its bare 
and wattled head and neck, and broad erectile tail, con- 
tains the valuable but unromantic turkey, iHf. galh-pavo^ 

Linn., a heavy and ungraceful bird, as it exists in the poul- 
try-yards of Britain, but of a richer plumage and more 
powerful wing in its native wooded wilderness. “ The wild 
turkey,” observes Mr Nuttall, “ once prevalent throughout 


* ^ionnaire des Sciences^ NaU t. lix. p. 1.P5. » Animal, t. i. p. 473, note. 

We have few opportunities (fortunately) afforded us in this country of judging of the strength of voice in wild beasts. Our own 
e^enence extends only to the following homely fact, which, however, it may be worth while to mention. During the residence in 
Jmnburgh of Mr Wombwell’s and other travelling menageries, we have endeavoured to test the extension of the lion’s voice from 
aiiterent quarters. We have often heard it very distinctly on a still evening, about feeding time, from the top of Craieleith quarry, 
distant from the menagerie (on the Mound, Princes Street) about two miles and a half. 

* UlMStraHoM of Zoology, vol. i. pL 14, 16. 
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Rtsores. the whole continent of North America, from Mexico and 
the Antilles to the forests of Lower Canada, is now, by 
the progress and density of population, chiefly confined to 
the thickly wooded and uncultivated tracts of the western 
states, being particularly abundant in the unsettled parts 
of Ohio, Kentucky, Illinois, Indiana, and throughout the 
vast forests of the great valleys of the Mississippi and Mis- 
souri. On the banks of the latter river, however, where 
the woods disappear beyond the confluence of the Platte, 
the turkey no longer appears, and the feathers of the wings, 
for the purpose of pluming arrows, form an article of small 
commerce between the other natives and their western 
countrymen. For a thousand miles up the Arkansas and 
Red River, in the wooded alluvial lands, they are not un- 
common. They are likewise met with in small numbers 
in Tennessee, Alabama, and West Florida. From the At- 
lantic states generally they are now nearly extirpated. The 
wild turkey is neither gregarious nor migratory, but from 
the necessity of wandering after food ; it is otherwise re- 
sident throughout the whole of the vast region it inhabits, 
including the greatest diversity of climate ; and it is pro- 
lific in proportion to its natural resources, so that while in 
the United States and Canada it only breeds once in the 
year, in Jamaica and the other West India islands it is 
said to raise two or three broods in the same period. In 
quest of mast, they therefore spread themselves through 
the country, and insensibly assemble in considerable num- 
bers to the district where their food abounds. These 
movements are observed to take place in October (the tur- 
key moon of the aborigines). The males, or gobblers as 
they are often called, from their note, are now seen apart 
from the other sex, in companies varying from ten to a 
hundred. The females move singly, or accompanied by 
their almost independent brood, who all at first shun assi- 
duously the persecuting society of the selfish male. Yet 
after a while, when their food proves abundant, separate 
mixed flocks of all ages and sexes often promiscuously 
join in the bounteous repast. Their migration, very un- 
like that of the rapid pigeons, is made almost entirely on 
foot, until their progress is perhaps arrested by a river. 
Their speed, however, is very considerable, and when sur- 
prised, they more commonly trust to their legs than their 
wings, running nearly with the velocity of a hound. On 
meeting with an impediment of this kind, after consider- 
able delay, they ascend to the tops of the tall trees, and, at 
the cluck of the leader, they launch into the air for the op- 
posite shore. The transit is a matter of little difficulty, 
though considerable labour, for the older birds ; but the 
younger and less robust sometimes fall short of the bank, 
and are either drowned or attain the land by swimming. 
After crossing, it is remarked that they often become an 
easy prey to the hunter, as they seem bewildered by the 
new country in which they have arrived, or more probably 
are fatigued by the novelty and extent of their excursion. 
After long journeys and privations, particularly in frosty 
weather, or while the ground is covered with snow, they 
are sometimes reduced to the necessity of making their 
appearance near farm-houses, where they now and then 
even associate with the poultry, and enter the stables and 
cribs after grain. In this desultory and foraging manner 
they spend the autumn and winter. 

According to the latitude, and the advancement of 
the season, though always very early in the spring, they 
begin to be actuated by the instinct of propagation. The 
males commence their gobbling, and court the society of 
their retiring mates. The sexes roost apart, but in the 
same vicinity, and at the yelp of the female the gobbling 
becomes reiterated and extravagant. If heard from the 
ground, a general rush ensues to the spot, and whether the 
hen appears or not, the males, thus accidentally brought 
together, spread out their train, quiver and depress their 


rigid wings, and strutting and puffing with a pompous gait, 
often make battle, and directing their blows at the heact, ' 
occasionally destroy each other in a fit of jealousy. As 
with our domestic fowls, several hens usually follow a fa- 
vourite cock, roosting in his immediate neighbourhood, 
until they begin to lay, when they withdraw from his re- 
sort to save their eggs, which he would destroy if disco- 
vered. 


Rasores. 


The females are therefore seen in his company only 
for a few hours in the day. Soon after this period, how- 
ever, the male loses his ardour, and the advances of affec- 
tion now become reversed, the hen seeking out the society 
of her reluctant mate. In moonlight nights the gobbling 
of the male is heard, at intervals of a few minutes, for 
hours together, and affords often a gratifying means of 
their discovery to the wakeful hunter. After this period 
the males become lean and emaciated, so as to be even 
unable to fly, and seek to hide themselves from their mates 
in the closest thickets, where they are seldom seen. They 
now also probably undergo their moult, and are so dry, 
lean, and lousy, until the ripening of the mast and berries, 
as to be almost wholly indigestible, and destitute of nutri- 
ment as food. So constant is this impoverished state, that 
the Indians have a proverb, ‘ As lean as a turkey in sum- 
mer.* 


“ About the middle of April, in Kentucky, the hens be- 
gin to provide for the reception of their eggs, and secure 
their prospects of incubation. The nest, merely a slight 
hollow scratched in the ground, and lined with withered 
leaves, is made by the side of a fallen log, or beneath the 
shelter of a thicket, in a dry place. The eggs, from ten to 
fifteen, are whitish, covered with red dots. While laying, 
the female, like the domestic bird, always approaches the 
nest with great caution, varying the course at almost every 
visit, and often concealing her eggs entirely by covering 
them with leaves. Trusting to the similarity of her home- 
ly garb with the withered foliage around her, the hen, as 
with several other birds, on being carefully approached, 
sits close without moving. She seldom indeed abandons 
her nest, and her attachment increases with the growing 
life of her charge. The domestic bird has been known 
not unfrequently to sit stedfastly on her eggs until she 
died of hunger. As soon as the young have emerged from 
the shell, and begun to run about, the parent, by her cluck, 
calls them around her, and watches with redoubled suspi- 
cion the approach of their enemies, which she can perceive 
at an almost inconceivable distance. To avoid moisture, 
which might prove fatal to them, they now keep on the 
higher sheltered knolls ; and in about a fortnight, instead 
of roosting on the ground, they begin to fly at night to 
some wide and low branch, where they still continue to 
nestle under the extended wings of their protecting parent. 
At length they resort during the day to more open tracts, 
or prairies, in quest of berries of various kinds, as well as 
grasshoppers and other insects. The old Wnls are very 
partial to pecan-nuts, winter grapes, and other kinds of 
fruits. They also eat buds, herbs, grain, and large insects ; 
but their most general and important fare is acorns, after 
which they make extensive migrations. By tlie month of 
August the young are nearly independent of their parent, 
and become enabled to attain a safe roost in the higher 
branches of the trees. The young cocks now show the 
tuft of hair upon the breast, and begin to strut and gobble, 
and the young hens already pur and leap. One of the 
most crafty enemies which the wild turkey has to encoun- 
ter is the lynx or wild cat, who frequently seizes his prey 
by advancing round, and waiting its approach in ambush. 
Like most other gallinaceous birds, they are fond of wal- 
lowing on the ground, and dusting themselves. 

“ When approached by moonlight, they are readily shot 
from their rousting- tree, one after another, without any 
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Rasotes. apprehension of their danger, though they would dodge or 
fly instantly at the sight of the owl. The gobblers, during 
the season of their amorous excitement, have been known 
even to strut over their dead companions while on. the 
ground, instead of seeking their own safety by flight. In 
the spring, the male turkeys are called by a whistle nnade 
of the second joint bone of the wing of the bird, which 
produces a sound somewhat similar to the voice of the fe- 
male ; and on coming up to this call they are consequent- 
ly shot. They are likewise commonly caught in quadran- 
gular pens made of logs crossing each other, from which 
is cut a slanting covered passage sufBcient to allow the 
entrance of the turkey. Corn is then scattered in a train 
to this cage for some distance, as well as within ; and 
the neighbouring birds, in the surrounding woods, hav- 
ing discovered the grain, call on each other by a cluck- 
ing, and entering one at a time, they become secur- 
ed in the pen, as, for the purpose of escape, they constant- 
ly direct their view upwards, instead of stooping to go out 
by the path by which they had entered. The male wild 
turkey weighs commonly from fifteen to eighteen pounds, 
is not unfrequently as much as twenty-five, and some- 
times, according to Audubon, even thirty-six. The hen 
commonly weighs about nine pounds; and the usual 
price for a turkey from the Indians is twenty-five cents.^’^ 

The only other species of turkey is a very rare and 
beautiful bird {M. ocellata^ Cuv.), of which, we believe, 
only a single specimen is yet known. It was captured by 
the crew of a vessel who were cutting wood in the Bay 
of Honduras, and was brought alive to the Thames, for pre- 
sentation to Sir Henry Halford, but met with an accident 
which caused its death. It afterwards became the pro- 
perty of Mr Bullock ; and on the dispersion of his collec- 
tion, was purchased by the French government for the 
Paris Museum. It is nearly equal in size to the common 
turkey. The tail is less ample, but its colours are more 
varied and beautiful, almost rivalling those of the peacock 
in its little mirrors of sapphire, surrounded by circles of 
gold and ruby.® 

The species known to us by the name of Guinea fowls, 
form the genus Numida, Linn. The head is bare, the 
top in some crested, and the throat wattled. They are 
all either from Africa or Madagascar. 

The great genus Phasianus, Linn., including our cocks 
and pheasants, has the cheeks more or less bare of fea- 
thers, usually covered by a scarlet skin, and the tail-fea- 
thers so placed as to slope downwards, roof-like, from 
either side. The group was soon found to be too exten- 
sive and varied in its component parts to accord with the 
preciser views of modern times, and several subdivisions 
have been in consequence effected. 

, The restricted genus Gallus, for example (Plate 
XIV., figures 3 and 3 a\ of which the head is gene- 
rally surmounted by a tleshy vertical crest, tl)e base of 
the lower mandible furnished with two flattened wattles, 
and the tail-feathers, fourteen in number, rising in two 
almost upright planes, with ample coverts in the male sex, 
contains, among other remarkable species, our domestic 
cock and hen ( Gallus domesHcus — Phasianus gallus^ Linn.). 
The general attributes or special qualities of this brave, vi- 
gilant, and invaluable species, need not be here recorded; 
and indeed a volume would scarcely suffice to describe its 
numerous variations, from the pure undaunted blood of 
Derby, fearless of death, to the crested dung-hill breed, 
almost equally pugnacious, and by no means cowardly, yet 
apt to turn tail on the sudden touch of unexpected steel. 

In our present paragraph we avail ourselves in part of 
a recent brief compendium. The cocks with ample crests, 


and five toes, — the rumpless cock, and those of many- Kasories. 
mingled colours, — appear to have arisen chiefly from the 
various and prolonged circumstances attending domestica- 
tion, and the intentional crossing of the breeds. The 
most picturesque are those with superabundant crests, and 
full auricular plumes. The crest is composed of narrow, 
hackled feathers, which grow erect from the head, but 
fall down in graceful curves, sometimes of such length as 
to shadow or overhang the eyes. In some districts this 
breed is much cultivated, being esteemed in proportion 
as the colours of the body and crest can be made to form 
the most conspicuous contrast, the body black, the crest 
white, and vice versa. Other admired fancy breeds are 
the Dutch pencilled fowl, which are pure white, with black 
spots ; the Siberian fowl, with long tufts of hanging feathers 
springing from the lower jaw.; and the Barbary fowl, of a 
pale dun colour, with the feathers of the neck extremely 
ample, and spotted with black. But a more singular ano- 
maly is exhibited by those with five toes, commonly called 
dorhings^ from being bred in most abundance in the neigh- 
bourhood of Dorking, Surrey. This race is easily conti- 
nued, and is much esteemed for the table, being white 
and large. Dr Latham records one which weighed near- 
ly fourteen pounds. A still more remarkable race is that 
without a tail, the rumpless or Persian cock, as it is some- 
times called, which actually wants a portion of the caudal 
vertebrae. These are usually regarded as mere varieties, 
for the most part, probably, of accidental origin. There 
are, however, three races of cocks, of a very marked cha- 
racter, although their claim to actual specific distinction 
cannot be yet made out. The first is Gallus morio^ of 
which the periosteum of the bones is black, and the comb, 
wattles, and skin, of a dull purple. It has received the 
name of negro or blackamoor cock, but is scarcely ever 
seen in the poultry-yards of this country. The otlier two 
races are more frequent, and are known as the silky cock 
( G. lanatus), and the Friesland cock ( G. crispus), M. 
Temminck is inclined to regard the former as a distinct 
species. It occurs in China and Japan, where it is sold 
as a rarity to Europeans. In this country it crosses easily 
with the white domestic breed, and a mixed race is pro- 
duced with the feathers still silky, but less disunited. It 
is singular that the skin and periosteum of this kind are of 
the same sable hue with those of G, nwrio, although the 
flesh is remarkable for its whiteness. The size is rather 
small, the plumage of the purest white, the comb and 
wattles purple. The Friesland cock evidently belongs to 
the opposition, having all the feathers turned the wrong 
way, or standing nearly at right angles with the body. 

The general colour of the plumage of this kind is also 
white, but it varies like that of other captive races. It 
occurs in the domesticated state in Java and Sumatra ; 
but M. Temminck thinks it is also a distinct species, pe- 
culiar in the wild state to some unexplored quarter of tlie 
Indian islands.® We doubt that nature, in her first in- 
tent, should ever have produced such an oddity. 

Many fanciful and superstitious feelings are still main- 
tained regarding the domestic cock, and his nocturnal 
crowing; and even his more familiar morning salutation is 
supposed to dispel all spirits, “ whether in sea or fire, in 
earth or air.^’ 

Some say that ever ’gainst that season comes 

Wherein our Saviour’s birth is celebrate, 

The bird of dawning singethall night long ; 

And then, they say, no spirit walks abroad ; 

The nights are wholesome ; then no planets strike ; 

Is^o fairy takes, nor witch hath power to charm ; 

So hallowed and so gracious is the time. 


' Manual^ vol. i. p. 640. 


• Naturalist* 8 Library^ 


' * Mtm, du Museum^ vi. pi. 1 ; and PL CoL 112» 
voL iii. p. 173. 
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Rasores, Of the numerous benefits which the goodness of God 
enabled man to derive from the wide circle of the 
feathered race, there is probably none which surpasses, 
either in extent or utility, the domestication of these most 
familiar birds. Of so long standing, however, has been the 
subservience of the race to man, that no authentic tradi- 
tionary traces now remain of its original introduction to any 
of the more ancient kingdoms of the earth, — its existence 
under human guardianship seeming indeed coeval with 
the most antique records. It may therefore be regarded 
as one of those particular and providential gifts, which, 
like the faithful and accommodating dog, was at an early 
period of the world added to the fortunes of the first fa- 
milies of the human race, and has since followed man in 
his wonderful and far-spread migrations through every 
clime and country. For some thousand years the observ- 
ers of nature were ignorant of any wild species which, even 
in a remote degree, resembled any variety of the domes- 
tic breed, — and from the era of Herodotus to that of Son- 
nerat, the domestic cock and hen might have been re- 
'garded as birds, the living analogues of which were no 
longer known to exist in a natural and unsubdued condi- 
tion. 

In consequence of the remote obscurity in which the 
subject is thus involved, few points in natural history have 
occasioned more inconclusive speculation, or are even now 
more difficult to solve with certainty, than the source 
from which we have primarily derived our different races 
of domestic poultry. That they came originally from Per- 
sia, has been inferred from the circumstance of Aristo- 
phanes calling the cock the Persian bird.’^ Such an 
origin, however, is improbable, when we consider that the 
researches of modern travellers, and indeed of all who 
have visited that country since the revival of learning, 
have failed to discover there any species of wild poul- 
try, — no gallinaceous bird being found in Persia more 
nearly allied to the genus Gallus, than a species of 
phophortis. If, however, it is merely meant that the Greeks, 
during the intercourse, hostile or otherwise, which existed 
between them and the Persian nation, may have obtained 
a breed previously domesticated, the idea is less objec- 
tionable ; for it is known that in a domestic state poultry 
have existed in Persia from a very remote antiquity. 

It appears from an ingenious dissertation by the late 
Dr Scot of Corstorphine, to have been the opinion of that 
learned Hebraist, that poultry were unknown to the Jews, 
or at least that they are not distinctly alluded to in the 
Old Testament. It cannot, however, admit of a doubt, 
that they were well known over many parts both of Eu- 
rope and Asia for several hundred years before the Chris- 
tian era. When Themistocles took the field to combat 
the Persians, he alluded, while haranguing his troops, to 
the invincible courage of the feathered biped. Observe 
with what intrepid valour he fights, inspired by no other 
motive than the love of victory ; whereas you have to con- 
tend for your religion and your liberty, for your wives and 
children, for the tombs of your ancestors f and it was on 
this occasion that the Athenians achieved one of the most 
memorable victories recorded in history. According to 
jElian, it was in commemoration of this signal event, and 
of the ornithological image by which the courage of the 
soldiery had been excited and sustained, that the Athe- 
nians instituted those annual games of which cock-fighting 
formed so conspicuous a feature. Now Themistocles died 
in the sixty-fifth year of his age, and about the 4f49th 
year preceding the Christian era, and must consequently 
have been contemporary with Nehemiah the prophet; and 
as the Old Testament history does not conclude till about 
twenty years after the death of Themistocles, it may be 


inferred, that if the later of the sacred historians do not Basores. 
mention poultry, it must be from some other cause than 
ignorance of their existence, — seeing that as the early 
Greek nations had received them prior to that period, 
either from Persia or the more south-eastern countries of 
Asia, they could scarcely have remained unknown in the 
intermediate regions inhabited by the Jews. For tUtse and 
other reasons, which it would here be tedious to detail, we 
do not agree with Dr Scot. 

In regard to the natural origin of these domestic birds, 
the first approximation to the truth (and we deem it but 
an approximation) resulted from the discovery by Son- 
nerat of a species of wild poultry native to the mountains 
of the Ghauts, in India. This is the Gallus Sonneratii of 
systematic naturalists, better known to British residents 
by the now familiar name oijungle^coch Our knowledge 
of gallinaceous birds, however, has so greatly increased 
during recent years, and so many additional species have* 
been discovered, that we are able to proceed upon much 
more certain ground than were the naturalists of the last 
century. The jungle-cock is not only no longer the only 
claimant to the long dormant title which, under whatever 
name of honour, may be due to the species so greatly be- 
neficial to the human race, but other aspirants have come 
forward with such better-founded claims, that his may 
fairly be regarded as altogether set aside. In fact, seve- 
ral important characters of the jungle-cock have never 
been traced in any of the domestic varieties, and many of 
these latter present features which, if not incompatible 
with, at least bear no resemblance to any attributes of 
the supposed original. We may here observe, that the 
naiVLXdXform and structure of any portion of the animal or- 
ganization are much less easily effaced or altered than the 
more superficial character of colour; and hence, if a par- 
ticular species of bird be naturally distinguished by a pe- 
culiar consistence as well as colour of plumage, the influ- 
ence of those causes which produce variation less fre- 
quently affect the former than the latter. Reasoning 
therefore a priori^ it would be more natural to expect 
that if the jungle-cock were the parent of our domestic 
breeds, such breeds, however they might vary in the co- 
louring of their plumage, would at least at times exhibit 
those marked and peculiar characters of form and struc- 
ture by which the feathers of the supposed original are 
distinguished. This, however, is not the case. Amid the 
infinite varieties which occur among our domestic poultry, 
the plumage of none is found characterized by those horny 
laminae, or -expansions of the shaft, which form so marked 
a feature in the plumage of the jungle-cock, and which 
assuredly would have either continued a permanent fea- 
ture, or been occasionally manifested in one or other of 
our domestic breeds, had these been derived from the spe- 
cies in question. We may mention another circumstance 
on which we believe we were ourselves the first to insist.^ 

The native tribes of Indians inhabiting the districts where 
the jungle-cock abounds rear a breed of poultry which 
differs as much from the supposed original as our own, and 
which never intermingles with the forest brood. 

According to M. Temminck (and in this we quite agree 
with that industrious and observant naturalist), the species 
to which our domestic races are most nearly allied, are 
the Jago cock of Sumatra {Gallus giganteus)^ a wild spe- 
cies of great size, and the Bankiva cock of J ava, another 
primitive species, which occurs in the forests of the last- 
named island (see Plate XIV., figures 3 and 3 a.) There 
are several circumstances which render the claims of these 
two birds much stronger than those of the jungle-cock. Isf, 

Their females bear a strong resemblance to our domestic 
hens ; 2d/y, the common village cock, in its most ordi- 


1 See our Essay « On the Origin of Domestic Poultry,’’ in the ITcmmo* Memoirs^ vol. vi. p. 402. 
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Hasorei* nary condition, is intermediate, in respect to size, between 
these two species; the nature ot the plumage, which 
in its form, consistence, and distribution, is absolutely the 
same as in the common cock, greatly strengthens the sup- 
position ; Uhly, it is in these species alone that we find the 
females, as well as males, provided with a fleshy crest and 
small wattles,— characters which likewise distinguish both 
sexes of our common poultry, although they are for the 
most part but slightly developed in the females. Now the 
female jungle-cock possesses neither comb nor wattles. 

It maybe stated as a curious though well-known fact, that 
when Captain Cook first visited the South Sea Islands, he 
found them well stocked with domestic poultry; and the 
more recent as well as more ample narratives of the mission- 
aries have confirmed the statements of the great navigator re- 
garding the practice of cock-fighting in Otaheite, and other 
islands of Polynesia. Mr Ellis describes the Faa-ti-to-raa- 
moa^ or literally the causing fighting among fowls, as the 
most ancient game of the Tahitians; and he informs us, that 
according to the tradition of the natives, poultry have ex- 
isted in the islands as long as people, — that they either 
came with the first colonists, or were produced by Taaroa 
contemporaneously with men. Long before the first fo- 
reign vessel was seen off their shores, they were in the 
practice of training and fighting cocks. However, they 
never trimmed, as we do, their flowing plumes, but were 
proud to see the beautiful and gorgeous combatants with 
ample natural wings, full-feathered necks, and lengthened 
tails. We may observe, that the breed of these islands do 
not appear to have been what in this country we would 
denominate game ; for Mr Ellis (in his Polynesian 
searches) incidentally mentions, that as soon as one bird 
avoided another, he was considered as viy or beaten, and 
victory was declared in favour of his opponent. It is in- 
deed a singular circumstance that this barbarous practice 
should have pervaded so many unconnected nations, both 
savage and civilized. It has entirely ceased among the in- 
habitants of the Friendly and Society Islands since the 
establishment of Christianity, although still pursued by the 
practical heathen of other and more ancient Christian lands. 
We ourselves, to our shame be it spoken, once fought a 
main of cocks with an English clergyman who afterwards 
rose to a high and conspicuous station in the church. We 
believe, indeed, that he became a bishop, — ^haply forgetful 
of us and of our famous Faa-ti-to-raa-moa. 

In the genus Phasianus properly so called, the sides 
of the head around the eyes are covered for a space by a 
naked warty skin. The tail is very long and slender, each 
feather laterally inclined or roof-shaped, and the central 
pair usually much prolonged. The common pheasant of 
our coverts {Ph. cohhicus) is the most familiar example. 
This bird is now well known in most of the temperate parts 
of Europe, though originally introduced from the banks of 
the Phasis (now the Rioni), a river of Chalcis in Asia 
Minor. Need we describe his glowing bright attire? 
Splendid his form, his eyes of flaming gold 
Two fiery rings of living scarlet hold ; 

His arching neck a varying beauty shows, 

Now rich with azure, now with emerald glows. 

His swelling breast with glossy purple shines, 

Chesnut his back, and waved with ebon lines ; 

To his broad wings gay hues their radiance lend, 

His xnaihclad legs two knightly spurs defend. 

The variety called the ring-pheasant {Ph. torquatus)^ cha- 
racterized by a more or less completed circle of white 
around the lower portion of the neck, is by some regarded 
as a distinct species. The gold and silver pheasants of our 
aviaries {Ph. pictus and nyctkemerus), and several other 
still more magnificent birds, on the beauty of which we 
regret we cannot here dilate, pertain to our present genus. 


One of the most singularly superb of all the gallinace- 
ous order, we mean the argus pheasant, now forms a se- 
parate genus under the name of Argus. Of this rare and 
remarkable bird {A. giganteus, Temm.) China and the ad- 
joining provinces of Tartary have been assigned as the na- 
tive country by various writers. This, however, requires 
confirmation, as all the specimens of which the origin is 
accurately known have been brought from the great east- 
ern islands and peninsula of Malacca. There is a passage 
in Marco Polo^s Travels^ which may perhaps be construed 
as relating to the bird in question. In his description of 
the kingdom of Erginal (a district of Tangout, in the north- 
west of the empire), he observes, “pheasants are found in 
it that are twice the size of ours, but something smaller 
than the peacock. The tail-feathers are eight or ten palms 
in length.” “ This,” observes Mr Marsden, the learned edi- 
tor of the English edition, “ is probably the Argus phea- 
sant, which although a native of Sumatra (where I have 
frequently seen it alive), is said to be also found in the 
northern part of China.”^ Though of late years well 
known in the Basses-eours of Batavia (from which M. Tem- 
minck received a splendid series), we are not aware that 
the Argus has been ever imported alive into Europe. It 
would certainly prove a more magnificent addition than 
any which has been made to our aviaries in modern times. 
The great apparent size of this bird arises chiefly from the 
peculiar formation of the wings, of which the secondaries 
are three times the length of the primaries, being nearly 
three feet long. In consequence of the unwieldy extent 
of that portion of the wing which is not under the imme- 
diate influence of muscular action, this magnificent bird is 
alleged to be almost destitute of the power of flight. Its 
progress, however, when running on the ground, is greatly 
accelerated, — the expanded secondaries, according to M. 
Temminck, acting as powerful and capacious sails, and 
furnishing a very fleet and effectual mode of transporta- 
tion. The body, when stripped of the feathers, scarcely 
exceeds that of a barn-door fowl, but in its “ high exidplumy 
state” it measures in total length about five feet three 
inches, — the tail-feathers being themselyes nearly four feet 
long. The female is, as usual, less adorned. Her second- 
aries want the peculiar breadth and extension, as well as 
the beautiful eye-like markings which adorn the male. In 
consequence, however, of this homely appearance, she is 
less frequently sought for in her native forests, and is thus 
(in collections) by far the rarer of the two. M, Temminck, 
for example, thought himself fortunate in finding a brace 
of females among thirty males. 

In the genus Euplocomus, Temm., the head is crested, 
the tail much broader than in the true pheasants, and some** 
times forked. The beautiful Macartney cock, or fire-back- 
ed pheasant (jBw. ignitus\ is the most characteristic, if not 
the sole example. It was met with by Sir George Staun- 
ton in a menagerie at Batavia, and is believed to be a na- 
tive of Sumatra.® 

The horned pheasant of Edwards and Latham has been 
made by Cuvier to constitute the genus Tragopan. The 
head, though crested, is elsewhere almost naked ; a little 
slender horn projects backward from behind each eye, and 
a loose and pendent skin, inflatable at pleasure, han« 
from the base of the lower mandible (see Plate XIV., 
fig. 4). The group now consists of about four species, all 
remarkable for their richly varied and beautifully spotted 
plumage. They are bulkier birds than pheasants, with 
rounded tails of ordinary length. The females of such as 
are known are brindled with brown and black. We have 
yet learned nothing of the habits or natural economy of the 
Tragopans, although their external aspect has been render- 
ed familiar in elegant representations by Mr Gould.^ The 


^ Travels f pp. 225>9. 


* Embassy to Chinay pL xiii. 


3 Century of Birds from the Himalaya Mountains* 
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_ diy;overed species ( T» satyrus)^ though usually brought of America, they are chiefly found in the vicinity of the Kasores. 

by the banks of rivers, and among the willow 
and Lninese specirnens from the mountain province of Yun- and other copse woods of the lower and more sheltered 
nan^were seen by Mr Bennet in Mr Beale’s aviary at Ma- vales. The species of Europe and America are not yet in 
^ ^ respects sufficiently characterized and distinguished. 

The germs Cryptonyx, Temm., has a bare space around The genus Ptbrocles, Temm., has a naked space 
tne eye, the tail or medium size and flat, and the tarsi around the eye, but not of a scarlet colour, as in grouse ; 
witliout spurs ; but the most peculiar character consists the toes are bare, the hind one very small, and the tail 
in the hind toe being destitute of claw. The best-known pointed (Plate XIV., figure 6). These birds, called gan- 
species IS C7. coronatuSt or rouloul of Malacca (see Plate gas, or sand-grouse, live in sandy plains and deserts in 
XIV., figure 5). The fetnale is described by Latham the warmer regions of Asia and Africa, although two spe- 
under the title of Tetraoviridis. It inhabits deep forests, cies, Pl arenarius and selariics, Temm., inhabit some of 
IS wild and cunning in a state of nature, and in confine- the southern countries of Europe, especially Spain. The 
ment impatient of restraint. ^ latter is the pin-tailed grouse of Latham, Tetrao alchata^ 

The great genus Tetrao of Linn, has also been greatly Gmelin. 
subdivided in recent times. All the species seem to agree The genus Perdix of Brisson contains the partridges, 
in having a bare band above the eye. distinguished by having the legs or tarsi bare, as well as 

The restricted genus Tetrao has the legs covered with the toes. The tail is also very short, although of greater 
feathers, and without spurs. In some the toes are naked, length among the kind called francolins, and other foreign 
and the tail either forked* or rounded. Such is the great species. Of these several are armed with spurs ; and one 
wood grouse or capercailzie ( 71 urogallus)^ the largest especially, the sanguine partridge (P. Temm.), 

and finest example of the gallinaceous order indigenous to has sometimes three or four spurs on each leg. The fran- 
Europe. In Britain it has been long extinct in the wild colins perch on trees. The partridges properly so called 
state (although of late several times imported with a view always rest upon the ground. Their bill is not so strong, 
to re-establish the breed), and now occurs chiefly in Scan- and their spurs, if they have any, are very short, or simply 
dinavia, although not unknown among mountainous and tubercular. Four or five sorts are found in Europe, al- 
woody regions southwards, as far as the Alps of Savoy and though the common gray partridge (P. dnerect) is our only 
the Veronese. Although rather difficult to rear in Britain, truly indigenous kind. The red-legged partridge (P. 
the capercailzie is often domesticated in Sweden, where it rubra) f which in Italy is the most frequent, has been in- 
becomes so tame as to eat familiarly from the hand, troduced of late years into the south of England, where it 
Though naturally shy and wary, they sometimes, even in continues to breed spontaneously in a state of nature. 
their unreclaimed condition, manifest a singular and un- Many other species occur in foreign countries, 
accountable degree of boldness. Mr Brehm mentions a The quails (genus Coturnix) are of smaller size than 
cock bird that inhabited a wood near Renthendorf, through the preceding, the tail is still shorter, the spurs are 
which there was a roadway, and whenever anjr one passed wanting, and there is no coloured space above the eye. 
through, it would fly towards him, peck at his legs, and The only British species is the common quail (C. Euro^ 
strike him with its wings. The black-cock ( 71 ietrix) is a peus)^ a well-known bird of passage, generally but not 
smaller, but very beautiful species, ofhardy habits, and much abundantly distributed over the island. In Scotland it is 
on the increase in many parts of Britain, where it prefers even scarce, although we have found it occasionally near 
alpine pastures, with a sprinkling of natural wood, inter- Edinburgh, as well as in Koss-shire, and along the coasts 
mingled with moist places covered by long coarse herbage, of Aberdeen and Kincardine. The whole migrate from 
It is widely dispersed over the northern and temperate the colder and temperate parts of Europe during autumn, 
parts of Europe, and spreads somewhat farther south than and re-appear in spring, in certain places, in enormous 
the preceding, being found, though rarely, on the Apen- numbers. Along the Neapolitan coasts, for example, 
nines. We know that it breeds among the lofty hills above 100,000 have been taken in a single day. In some of the 
Albenga, near the Colle de Tende. Other species of bare- southern countries of Europe, however, many quails remain 
toed grouse occur in Europe, and a still greater number in throughout the winter. In Portugal they are even more 
North America. For the history of the latter we must numerous during that season than in summer; and Signor 
refer to the well-known works of Alexander Wilson, C. Savi says, in regard to those of Italy, “ Sono le quaglie 
L. Bonaparte, Audubon, Richardson, and others. uccelli viaggiatori, giacche la massima parte lasciano TEu- 

Of the feather-footed game-birds (genus Lagopus), the ropa, traversano il mare, e vanno a passare il verno in 
most noted for gastronomic excellence is our common red Affi-ica, ed in Asia ; ma di Toscana, come pure dalle altri 
grouse, or moor-game {L, Scoticus), so highly prized and parti meridionali, non partono tutti, anzi una gran quantity 
eagerly pursued by sportsmen. This well-known species ne resta per le stoppie delle nostre Maremme, ove trovano 
restricts itself chiefly to the sides of sloping mountains, e molto nutrimento e dolce dima. Negli ultimi giorni 
and those extensive tracts of elevated land called moors, d’Aprile si rimetteno in moto ; quelle die avevan passate 
where it is careless of other shelter than that afibrded by il mare lo passan di nuovo, e quelle che eransi ritirate ne' 
the natural roughness of the ground, and its plentiful co* siti aprici si spargon per tutti i campi e prati.”* A vast 
vering of heath, or other alpine plants of still more lowly number of quails of various kinds are found in foreign 
growth. The most singular fact in its history is its re- countries. A beautiful small species (G. eascalfactoria, 
striction to Great Britain and Ireland, — all other parts of Temm., — P. Chinensis, Lath.) is very abundant in China, 
the world, from Indus to the pole,’’ being sought in vain where it is bred in the domestic state, and kept in cages 
for a single example. In this little group we also place for the singular purpose of warming people’s hands in win- 
the ptarmigans, distinguished from the other grouse by the ter. It is also patronised on account of its pugnacious 
assumption of a snow-white plumage during winter. These disposition, being fought with its own kind, as common 
birds seem to prefer, in comparatively temperate climates, cocks are in this country. 

such as that of Scotland, the bare and stony sides or sura- The American quails now form the genus Ortyx, ana 
mits of the highest mountains ; but under the rigorous are in some measure intermediate between the true quails 
temperature of Greenland, and the most northern portions and partridges. The bill is thick and strong, but short 


* Wanderings, &c. voL ii p. 61. 


* Omiiologia Tutcana, tom. iL p. 200. 
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Kasorefl. and rounded ; the tail more lengthened than in those of 
" tlie old continent. One species, O. Californica^ has the 
head ornamented by a beautiful slender recurved crest. 
(See Plate XIV., figure 7.) Several other kinds were 
recently discovered and described by the lamented Douglas, 
the botanical traveller and collector, whose tragical fate in 
the Sandwich Islands caused the most sincere regret in the 
scientific world. They differ from the ordinary quails in 
usually perching upon trees at night. The Virginian Ortyx, 
0. borealis^ has of late been reared in several parts of Eng- 
land, and may be said to be naturalized in Sussex. It 
is considerably larger than the common qu'ail. 

The genus Ortygis of Illiger resembles the quails in 
general form, but the bill is somewhat compressed. The 
toes are so deeply divided, as scarcely to exhibit a vestige 
of the usual intervening membrane, and the hind toe is 
wanting. The species are of small size, and occur in In- 
dia, Africa, and New Holland. They are of polygamous 
habits, and dwell in barren places on the confines of de- 
serts, seldom taking wing except when closely run. One 
of these birds is also much used by the Malays and other 
eastern nations for fighting with its kind. (See Plate 
XIV., figure 9.) 

A bird of a very anomalous aspect and character, called 
the heterocly te grouse ( Tetrao paradoxus of Pallas), now 
forms the genus Syrrhaptes of Illiger. The bill is rather 
slender and compressed, straight, but as usual somewhat 
bent towards the tip. The tarsi are short and densely 
clothed with feathers ; the toes are also very short and fea- 
thered, and connected together almost to the claws. The 
hind toe is not wanting, but seems buried in the feathers. 
The wings and tail are very long, and are terminated 
by lengthened slender-pointed plumes. The only known 
iSpecies (named S. Pallasii by M. Temminck), inhabits the 
deserts of Tartary, near the shores of Lake Baikal. Owing 
to the peculiar structure of its feet, it can scarcely move 
upon the ground; but its flight is brisk and raoid, though 
seldom long sustained. 

The last group we shall here mention contains the Tina- 
mouths — genus Tinamus, Lath., — Crypturus^ Illig. (Plate 
XIV., figure 8.) The bill is lengthened and slender, 
slightly arched, blunt-pointed, grooved on each side, the 
nostrils central, deepening obliquely backwards. The 
wings are short, the tail almost rudimentary. The pal- 
mation at the base of the toes is very short; and the 
hind toe, reduced almost to a little spur, does not reach 
the ground. The bare space around the eye is very cir- 
cumscribed. These birds abound in the Brazilian and 
other tropical forests of America, where they run swiftly, 
seldom fly, conceal themselves among long herbage, and 
perch (as some say) upon the lower branches of trees. 
They live on fruits and insects, and their flesh is much es- 
teemed. Rather than exercise their natural powers of 
flight, they will sometimes foolishly allow themselves to be 
killed in great numbers with a stick. They are also hunted 
with dogs. They build upon the ground, and their eggs 
are remarkable among those of gallinaceous birds for their 
brilliant tinting, some being bright blue, others of a bril- 
liant violet colour. The different species of Tinamous ex- 
hibit a great diversity in size, from that of a pheasant to 
a very small quail ; and “ as for their flesh,” says Mr Swain- 
son, “ we have often tasted . it, and consider it, both in 
whiteness and flavour, infinitely above that of the partridge 


or pheasant We believe these birds never perch, as some Rasores. 
suppose, but that they live entirely among herbage, prin- 
cipally in the more open tracts of the interior.”^ 

The great family of the pigeons (Columba, Linn.) 
comes next in order in Baron Cuvier’s arrangement, and 
in that indeed of most of our systematic writers. There 
are several circumstances, however, which make it doubt- 
ful whether the pigeons should not form either a separate 
order of themselves, or undergo some other change in 
their position. As conjpared with ordinary gallinaceous 
birds, every one will admit that they present numerous 
and striking disparities. Their powers of flight, for ex- 
ample, if equalled are not surpassed even by those of the 
falcon tribe, their habits are monogamous, their haunts 
very generally arboreal, their eggs few in number, and 
hatched by the male as well as female, the young are at 
first extremely helpless, and are fed for a length of time 
from the crop of both parents, — in all these points, and 
many more, they differ remarkably from other gallinaceous 
birds. Professor Savi, we observe, places the pigeons in 
his concluding tribe of Passeres ( Uccelli silvani), as a con- 
necting link with the gallinaceous order, and for reasons 
closelv corresponding with those we have just assigned.^ 

Dr Macgillivray was the first to observe that “ the beauti- 
ful, very extensive, and generally distributed family of 
birds commonly known by the names of pigeons, doves, and 
turtle-doves, appears to form an order of itself, separated by 
well-defined limits ; but yet, as in other cases, presenting 
modifications of form indicative of its affinity to contermin- 
ous groups. The peculiar shape of the head and bill, more 
than any other external feature, serves to render the dif- 
ferent species readily cognizable as belonging to a single 
tribe ; for, whatever may be the size, colour, or even shape, 
of a pigeon, it cannot be mistaken. But the relations of 
the family, it would appear, are not so readily perceived, — 
some of our most approved systematists having associat- 
ed them with the passerine, others with tlie gallinaceous 
birds, — while a few consider them as constituting a dis- 
tinct group. Linnaeus included them all under the single 
genus Columba, which has merely been sectioned by M. 
Temminck, and from which M. Vieillot has only separat- 
ed two genera under the names of Treron and Lophyrus ; 
while Mr Swainson and other Ornithologists have convert- 
ed it into several generic groups, such as Vinago, includ- 
ing the thick-billed species, Ptilonopus, Columba, Turtur, 
Ectopistes, Peristera, and others, characterized by differ- 
ences in the wings and tail ; and Lophyrus, formed, by 
Vieillot, of the great crowned-pigeon. The latter seems 
to connect this family with the Cracinae, which belong to 
the gallinaceous order, while other groups manifest an af- 
finity to the partridges and allied genera. The pigeons 
vary much in form, some having the body full, others 
slender ; while the tail is very short, moderate, or greatly 
elongated. In all, however, the head is small, oblong, 
compressed, with the' forehead rounded; a circumstance 
depending partly upon the form of the skull, and partly 
upon the absence of feathers at the base of the bill. The 
latter organ is characterized more especially by having 
the nasal membrane bare, generally scurfy, fleshy, and 
tumid, with the narrow longitudinal nostrils placed un- 
der its anterior margin. It varies in size, but the upper 
mandible has its ridge always obliterated at the base by 
the encroachment of the nasal membranes, and its extre- 


^ Nai, Hist and Class, of Birds ^ voJ. ii. p. 16*8. 

* “ Questa tribii forma il passagio dai Silvani ai Gallinacei, giacch^ i Piccioni, quantunque somigliano piu ai primi che ai secundi, 
pure ban caratteri comuni agli uni ed agli altri. Somigliano i Silvani, perch^ avendo ali grandi e coda larga, volano facilmente, con 
velocita, ed a grandi distanze ; sono monogami : nascono nudi, e per un tempo assai lungn (almeno per tutte lo specie nostrali) non 
wsendo capaci nfe di moversi, di cercare il cibo, ban bisogno d’esser covati, e imbeccati da* Iciro genitori : fanno il nido sugli al 
ben, 0 nelle buche. Somigliano poi i Gallinacei per avere un gozzo molto dilatabile, e dove gli alimenti si trattengono e provano una 
certa preparazione alia digestione ; i semi, di cui quasi esclusivamente si cibano, li inghiottono seuza sbucciarli, o rompei li, e final 
mente, come i Gallinacei, hanno lo sterno doppiamente scavato.’* {f)rnitologia Toscana^ tom. iL p. 152.) 
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Rasores. mity horny, arched, or convex, more or less compressed, 
with a blunt thin-edged point. The tongue is fleshy, ta- 
pering to a point, and triangular in its transverse section. 
The throat is very narrow. The oesophagus is of mode- 
rate width, but expanded, or opening into a large crop, 
placed on the lower part of the neck and the fore part of 
the breast, and terminates below in an oblong proventri- 
culus, completely surrounded with large oblong glandules. 
The stomach is a powerful gizzard of a somewhat rhom- 
boidal form, and furnished with two very thick lateral 
muscles inserted into two tendinous centres, with an infe- 
rior thinner muscle inserted into the same tendons. The 
intestine is long and slender ; the caeca very small and cy- 
lindrical ; the rectum very short, and but slightly enlar- 
ged. The tarsi are generally short and stout, either scu- 
tellate or feathered. The foot is of that kind equally adapt- 
ed for walking and perching, having three toes before and 
one behind ; the middle toe considerably longer than the 
two lateral, which are nearly equal, and the hind toe di- 
rected backwards, and shorter than the lateral. They are 
covered above with numerous short scutella, laterally mar- 
gined, beneath flat and papillate. The claws are short, 
compressed, moderately arched, rather blunt. The plu- 
mage is various, so that no general character can be derived 
from it, farther than that the feathers have the tube very 
short, the shaft commonly thick, and are entirely destitute 
of the accessory plumule, which is largely developed in 
the gallinaceous birds. The wings are for the most part 
large, more or less pointed, with the second, third, and fourth 
quills longest ; but the primary quills vary in form, and pre- 
sent several very curious modifications. The tail is even, 
rounded, cuneate, or graduated.”^ The skeleton, Dr Mac- 
gillivray further remarks, differs very materially from that 
of gallinaceous birds, and the intestine is much longer, 
the difference, however, in the other Gallinae being made 
up by the great development of the caeca, which in pigeoni 
are merely rudimentary, that is, extremely small, and secret- 
ing only a mucous fluid. We may add the following im- 
portant character, that the hind toe is articulated on the 
same plane with the three anterior ones, instead of being 
placed higher up, as in the rest of the gallinaceous order. 
Although their legs are short, pigeons walk with great ease 
and considerable celerity. 

These beautiful birds abound in most of the temperate 
and tropical regions of the earth, being, however, both 
more numerous and more gorgeously attired in the latter, 
where they often rival even the tribe of parrots in the 
splendour of their plumage, and literally realize the de- 
lightful expressions of the Holy Scripture — *‘as the wings 
of a dove covered with silver, and her feathers with yel- 
low gold.” The old genus Columba is one of the most 
cosmopolite with which we are acquainted, being found 
diffused alike through Europe, Asia, Africa, and America ; 
and even in the forests of the far-distant Southern Ocean, 
their radiant plumage 

Fills many a dark obscure recess 

With lustre of a saintly show. 

In no tribe of the feathered race do we meet with more 
to delight the eye by its richness and diversity. In some,” 
says Mr Selby, “ the plumage shines with a dazzling and 
metallic gloss, varying in tint with every motion of ^e 
bird, and which vies in lustre with that of the diminutive 
and sparkling humming-birds. In texture the plumage is 
generally close and ad pressed, and the feathers feel hard 
and firm to the touch, from the thickness and strength of 


the rachis or shaft. Upon the neck they assume a variety 
of forms, in some species being rounded and stiff, and dis- 
posed in a scale-like fashion 5 in others of an open, dis- 
united texture, or with the tips divided and curiously 
notched ; and in the hackled and Nicobar pigeons they are 
long, acuminate, and laciniated, like those of the domestic 
cock ; and, we may add, that in nearly all they are so con- 
stituted as to reflect prismatic colours when held at various 
angles to the light.*’^ 

The vast variety of species and numerous sub-genera of 
which the Columbida are now composed render a full ex- 
position impossible. We must, indeed, rest satisfied with 
a very brief notice of a few remarkable kinds. We have 
four species of pigeon in Britain, and we are not aware 
that more occur in Europe. 

l 5 ^, The ring-dove, cushat, or wood-pigeon, C, palum^ 
bus, Linn., a large, beautiful, and well-known species, very 
generally distributed over the more or less wooded dis- 
tricts of our island, but avoiding bare and rocky regions. 
It breeds on trees in single isolated pairs, but is often gre- 
garious to a great extent in winter. It is a wary bird, of 
powerful wing, not easily approached even in the forest 
glades, yet not seldom building in groves or groups of 
trees in the immediate vicinity of human dwellings ; and 
we have seen a gentle pair sitting for hours upon the 
branches of an almost leafless sycamore in early spring, 
preening their feathers in assured confidence, within a few 
footsteps of our cottage door. Indeed we have often no- 
ticed, as others must have also done, what may be called 
the discrimination of birds, in relation both to persons and 
to places. We allude to what we should call their ac- 
commodating rather than their natural instincts, — ^how, for 
example, after a season or two of observation or experi- 
ence, they will congregate around a spot where no rude 
hands disturb their mossy dwellings, nor climbing urchin 
shows his visage grim among the umbrageous boughs. 
This is beautifully exemplified (and on a greater scale 
than in a cottage garden) among the gladsome palace- 
groves of the Tuileries and Luxembourg in Paris, where, 
notwithstanding the gay and giddy stream of human life 
which flows for ever through those royal walks, the wood- " 
pigeon builds her frequent nest, though far her flight to 
rural solitudes for every offering which she brings her 
much-loved young. This species generally breeds twice 
a year. 

2 dfy, The rock or wild pigeon, C. livia, Briss., a smaller 
species, totally regardless of all the leafy glories of the 
forest, but loving devotedly the craggy cli& and hollow 
caverns by the ocean-shore. This species is believed to 
be the original of our common domestic breed, of which 
the numerous and extraordinary, yet, with proper care, 
permanent varieties, are among the more puzzling pro- 
blems of Ornithology.^ 

3d, The smaller wood-pigeon, erroneously called the 
stock-dove, C, anas, Linn. This bird is much more li- 
mited in its distribution than either of the preceding, being 
as yet unknown in Scotland, and frequenting chiefly the 
southern and midland counties of the sister kingdom. It 
is almost entirely confined to wooded districts, its habits, 
according to Mr Selby, being strictly arboreal ; yet Mr 
Salmon records it as abounding in heaths and rabbit war- 
rens in the neighbourhood of Thetford, to which it an- 
nually resorts for the purpose of nidification.^ 

Tkth, The turtle-dove, C. twrim, Linn., a small and delicate 
species, unknown in bleak Caledonia,” but a constant 
summer bird in Kent, and other counties of the south of 
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Basores. England, where it breeds in woods. It is sometimes seen 
towards the end of summer in little flocks of a score or 
two together. This bird leaves Britain in the course of 
the autumn, and does not to our knowledge remain in any 
part of Europe throughout the winter season. 

Of the exotic pigeons one of the most remarkable is the 
goura, or great-crowned oigeon, Lophyrm coronatus^ Vieil- 
lot. (See Plate XV., figure 1.) It is by far the largest 
of the tribe, measuring nearly two feet and a half in length. 
It inhabits Java, New Guinea, and most of the Molucca 
Islands, and is occasionally brought alive to Europe, where, 
however, the climate is too moist and variable to admit of 
its ever attaining to a good old age. 

One of the most magnificent of the tribe is the hackled 
pigeon (C. Frandd)^ distinguished by the irregular form 
of the feathers on the head, neck, and breast, which are 
long and narrow, and terminate in a shining appendage 
resembling in consistence, though not in colour, the tips 
of the wing-feathers of the waxen chatterer. It inhabits 
Southern Africa and the island of Madagascar. Another 
singular species is the parabolic pigeon ((7. arquatrix\ 
discovered by Vaillant, and figured in his splendid work on 
the birds of Africa. The flight of this bird is very re- 
markable. It never proceeds in a straight line, but on 
commencing its route describes a parabola, and continues 
forming a series of arcs during the whole time, frequently 
uttering a peculiar cry. It inhabits the forests of Anteni- 
quois, and is so bold as to persecute the white eagle. 

The carunculated pigeon (C. carunculatGLy Temra.) is 
placed by Mr Selby with the ground doves, genus Geo- 
PHILUS of that author. This little group is not only dis- 
tinguished by a greater length of tarsus and other organic 
characters, but by a striking departure from the general 
economy of the Columbidae, the number of eggs not being 
confined to two, but extending to eight or ten. Incuba- 
tion also takes place upon the ground ; and the young, like 
those of the true gallinaceous birds, are produced from the 
egg in so matured a state as to follow their parents from 
the first. They live entirely on the ground, but roost at 
night on trees and bushes. The carunculated species just 
referred to is observed by M. Temminck to show a strong 
resemblance to the gallinaceous tribes both in aspect and 
manners. The fleshy scarlet lobes around the eyes and 
throat correspond, it is supposed, to the wattles of domes- 
tic poultry. It builds its nest in slight depressions on the 
ground, of twigs and stems of grass, and lays from six to 
eight eggs, which are sat upon alternately by male and fe- 
male. The young are able to follow their parents as soon 
as hatched, and are led about by them, and brooded over 
with extended wings. Their first food consists chiefly of 
the larvae of ants and other insects, and when greater 
strength is gained, of seeds and berries. The beautiful 
Nicobar pigeon (C. Nicoharica^ Lath.) has been likewise 
referred to the same genus. Though of a heavy form and 
ungraceful carriage, it yields to none of its tribe in splen- 
dour of plumage, of which the prevailing hue is rich metal- 
lic green, with various reflections of copper and purplish 
red. It is generally described as residing habitually upon 
the ground, where it runs with great celerity, — ^perching 
on the lower limbs of trees at night. Yet Mr Bennet al- 
ludes to this species as usually seen perched on trees, even 
on the loftiest branches, ^where, he adds, it rears its 
young ‘‘ similar to all the pigeon tribe.” ^ It inhabits Ni- 
cobar, Java, Sumatra, and other eastern islands. 

We have already alluded briefly to the turtle-dove. The 
most common kind in cages, in this country, is not the 
English species, but that called the laughing or collared 
turtle, T, nsorius {forqiiatuSi Briss.). It is bred with great 
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facility in Britain, but the winter cold would probably be Gralla- 
too much for it out of doors ; and it seems, moreover, to ^ores. 
want that instinct of local attachment which induces our'‘''‘'^'V^ 
common pigeon to continue in the place where it was born 
and bred. In its natural state this species occurs in vari- 
ous parts of Africa. 

Somewhat resembling the turtles in the length of its 
wings and tail is the famous passenger pigeon of America, 
of whose rapid flight and countless congregations we have 
such graphic accounts in the delightful pages of Wilson 
and Audubon. This bird is the Columba migratoria of 
authors, and is placed by Mr Swainson in his genus Ecxo- 
PISTES. It may be presumed to be sufficiently common in 
North America, from a fact, or rather calculation, given by 
Alexander Wilson. He estimated a flock which continued 
to pass above him for the greater part of a day, to have 
been a mile in breadth, and 240 miles in length, and to 
have contained (three birds being assigned to every square 
yard), at least two thomand two hundred and thirty million 
two hundred and s&venty-two thousand pigeons ! Mr Audu- 
bon confirms his predecessor's account by a narrative still 
more extraordinary ; and adds, that as every pigeon con- 
sumes fully half a pint of food (chiefly mast), the quantity 
necessary for supplying Ids flock must have amounted to 
eight millions seoen hundred and twelve thousand bushels 
per day 1 ® We wonder, after this, that any farmer should 
ever dare to migrate to America. 

The genus Vinago of Cuvier consists of pigeons with 
strong solid compressed bills, short tarsi, and broad distinct- 
ly bordered feet. They inhabit forests, live on fruits and 
berries, and occur in the tropical regions of the old world. 

Their prevailing colours are various shades of green and 
yellow, contrasted with purple or reddish-brown. The 
Columba aromatica of Latham is a Vinago.* (See Plate 
XV., figure 3.) 

We shall now close our brief sketch of the gallinaceous 
order. 


Order V.— GRALLATORES.* 

SHORE-BIRDS, OR WADERS. 

The characters of this order, so far as they can be for- 
mally stated, are as follows. The shape of the bill is in- 
determinate. The legs are long and slender, and more 
or less bare above the tarsus. There are three anterior 
toes, more or less united at their bases by a membrane or 
rudimentary web. The hind toe is wanting in one division 
of the order. 

Among the extensive and varied tribes which constitute 
the grallatorial order, the bill, as we have just intimated, 
is formed after so many different models (though always 
in beautiful accordance with the habits of each particular 
^oup), that its structure cannot be generalised, or senten- 
tiously expressed. The structure of the feet and legs is 
also admirably adapted for the exercise of their peculiar 
habits of life, being so lengthened as to admit of the species 
wading to a considerable depth without wetting their fea- 
thers, and of running with great rapidity along the mar- 
gins of lakes and rivers, or the sea’s more sandy shores. 
It is to this length of limb that they owe the name of Gro/i* 
htores, as if they went on stilts. The French title of 
echassiers is also derived frotn the resemblance which the 
legs bear to the echasseSf so frequently used by the natives 
of the hndes of Aquitaine. A too exclusive attention, 
however, to this character seems to have misled some mo- 
dem naturalists, who have included several very remotely 


• IVand^ngs^ &c. vol. ii. p. 64. 
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allied genera under one order. Indeed a considerable di- 
versity of opinion exists as to what ought to form the com- 
ponent parts of the grallatorial order. By means of the 
flamingoes and others, they are closely allied to the nata- 
torial or web-footed birds, — while a dismemberment, partly 
from the latter order, partly from the original Grallae, has 
been advocated in favour of the Grebes, Phalaropes, &c. as 
a separate and intermediate division under the name ofPin-^ 
natipedes. 

The Grallatores seek their food in marshes, and along 
the banks of rivers and the shores of lakes. They also 
frequent the sea-coasts, where many kinds, especially in 
autumn, congregate in numerous flocks. But although the 
habits of the majority are littoral^ many haunt habitually 
the arid deserts, the green and sedgy meadows, or the up- 
land moors. Who knows not the plover’s wailing cry among 
the desolate mountains, — the curlew’s shrilly voice, “ a 
viewless spirit of the elements,” far up amid those scenes 
of pastoral melancholy, where the lonely rocks seem some- 
times silent as gigantic spectres, and anon resound with 
varied and innumerable bleatings, as some gray-haired 
shepherd, loving the land which once he gloried in,” his 
dog his sole companion, gently leads along the fleecy 
people ? In truth we often seek in vain to generalise the 
habits of the feathered race. In our systems we can give 
them both a local habitation and a name, but in nature 
they have wings, and like the wind travel where’er they 
please, and no philosopher either from field or college can 
say from whence they come, or whither they are going. 
The food of our present order varies according to the form 
of the mandibles. Such species as are provided with a 
long, hard, sharp-pointed bill, as in the heron tribe, live on 
fish and reptiles ; the species in which that organ is softer 
and more flexible feed on worms and insects, whilst a more 
limited number, for example the land-rail (Ballus crew). 
are partly granivorous, and consequently aflect a drier soU. 
The jacana (P. chwarid) is said to feed on grass. The 
habits of many species are migratory j and it has been re- 
marked, that the young and old birds always perform their 
journeys in separate assemblages. A great proportion of 
the order congregates in the southern countries of Europe 
before the arrival of winter, — a season which many of them 
are supposed to spend in Africa. A few are winter birds 
of passage, that is to say, the temperate countries of Eu- 
rope form their southern boundary, and during the breed- 
ing season they seek the colder regions of the north. The 
woodcock breeds in Scandinavia, where the observant 
traveller may frequently see it, not as with us the har- 
binger of storms, but darting across his dappled dusty 
path “ in the leafy month of June.” However, in several 
parts of the^orth of Scotland, woodcocks are now very 
frequent throughout the summer season, rearing their ab- 
surd-looking, long-billed progeny along the banks of the 
Dee, or in the well-wooded valleys of the eastern parts of 
Ross-shire. The smaller species, such as rails and sand- 
pipers, run with great celerity ; the paces of the larger 
kinds are more measured and sedate. During flight the 
legs in many kinds are extended on a line with the body. 
In some entire genera, and in certain species of other ge- 
nera, the moult is double, that is, takes place both in spring 
and autumn, and occasions a great disparity between the 
plumage of the winter and summer seasons. The attire of 
the sexes is for the most part not very dissimilar. An ap- 
parent non-conformity may be said to exist in a few of the 
species, between the structure of the feet and the func- 
tions of these organs, which would disenable us from indi- 
cating, a priori, the habits of such species merely from an 
inspection of their organization. For example, the water- 
hen (Fulica chloropm) is an excellent and constant swim- 


mer, and much more strictly aquatic than the avocet or 
flamingo, yet its toes are long and deeply divided, and fur- 
nished with an extremely narrow rudimentary web, while 
the last-named species, though semi-palmated, never volun- 
tarily venture beyond their depth. 

The migratory movements of the Grallatores are proba- 
bly determined in a great measure by the necessity of ob- 
taining suitable nourishment. The rigour of a Scandina- 
vian winter, which entirely congeals the surface of the 
moist forest-lands of Sweden and the swamps of Lapland, 
drives the woodcock to seek its food in the comparatively 
milder copses of Britain and Ireland ; while the landrail, 
which is with us a native or summer bird, migrates in au- 
tumn to more southern regions, where it is probably known 
only as a winter visitant. Analogous facts have been ob- 
served in various parts of the world. Thus in regard to 
North America, the Grallatores, feeding by preference in 
marshy and undrained lands, frequent the Saskatchewan 
prairies only in the spring ; and as soon as the warm and 
comparatively early summer has rendered the soil too dry 
for their accustomed purposes, they retire to their breed- 
ing places within the arctic circle. There,” says Dr 
Richardson, “ the frozen sub-soil, acted upon by the rays 
of a sun constantly above the horizon, keeps the surface 
wet and spongy during the two short summer months, 
which suffice these birds for rearing their young. This 
office performed, they depart to the southward, and halt 
in the autumn on the flat shores of Hudson’s Bay, which, 
owing to the accumulations of ice drifted into the bay 
from the northward, are kept in a low temperature all the 
summer, and are not thawed to the same extent with the 
more interior arctic lands before the beginning of autumn. 
They quit their haunts on the setting in of the September 
frosts, and passing along the coasts of the United States, 
retire within the tropics in the winter.”^ 

The majority of the Grallatores are swift and powerful 
flyers, being provided with rather long, acutely-pointed 
wings ; but to these attributes we have a few strong and 
singular exceptions in such birds as the ostriches and cas- 
suaries, which have scarcely any wings, and cannot fly 
at all. 

Baron Cuvier has established the five following tribes 
among the Grallatores, viz. Beevipennes, Peessibos- 
TRES, Cultrirostres,Longieostres, Macrodactyees. 

Tribe 1st. — Bbevipennes. 

The small number of gigantic birds which constitute our 
present tribe difier greatly, not only from the other Gral- 
Ise, but from all known species ; Ist, in the extreme short-' 
ness of their wings, which, though no doubt useful in their 
way, are altogether destitute of power to raise their bo- 
dies from the earth j and, 2dlp, in the sternum or breast- 
bone being destitute of a ridge or keel. The muscles of 
the breast are also extremely slight and thin. II pa- 
rait,” says Cuvier, « que les forces musculaires, dont la 
nature dispose, auraient insuffisantes pour mouvoir des 
ailes aussi 6tendues que la masse de ces oiseaux les aurait 
exigies pour se soutenir en I’air.”^ This is not expressed 
according to the English mode of thought and feeling, but 
it may pass for what it means. To make amends, how- 
ever, for this supposed incapacity of nature, we find that 
the muscles of the legs have received an enormous deve- 
lopment, which enables the species to run almost with the 
rapidity of race-horses, and to be thus independent of aerial 
flight. In some of our modern systems these birds form 
the family Struthionidcs, and are placed in the gallinaceous 
order. 

In the genus Struthio, which contains tjie true ostrich, 
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Gralla- the wings are adorned by loose flexible plumes, and though 
tores, of small extent, are still suflScient to afford effectual aid in 
running. The toes, at least externally, are only two in 
number. 

The only known species is the ostrich commonly so 
called [Struthio eamelus^ Linn., Plate XV., figure 5), 
a bird which forms one of the most remarkable cha- 
racters in the Ornithology of Africa, to which country it 
is believed to be almost entirely peculiar. It presents the 
tallest, and in many other respects the most singular ex- 
ample of the feathered race. It measures from six to seven 
feet in height ; its head is very flat, extremely small, and 
almost naked; as is also the upper portion of the neck, 
which is very slender, and nearly three feet long. The 
general plumage of the male is black, varied with white 
and gray, the fine full feathers of the wings and tail being 
either black or white. Our engraving will best explain its 
outer aspect. The female is brown or ashy-gray upon the 
body ; the young are likewise of the latter hue, and have 
at first the head and neck densely cloAed. The ostrich 
inhabits the deserts of Arabia, and a vast extent of open 
sandy plains in Africa, from Barbary to the Cape of Good 
Hope. Being consequently native to one of the most an- 
ciently peopled countries of the earth, it has excited the 
attention of mankind from the remotest periods of anti- 
quity. It is frequently mentioned in the book of Job, and 
in other portions of the Old Testament. Herodotus among 
the early Greek writers was well acquainted with its his- 
tory and appearance, and in after times it was not only 
frequently exhibited by the Romans in their games, but 
the brains of hundreds' at a time were scooped out as a 
choic^e delicacy for the luxurious table of Heliogabalus. 

The ostrich is gregarious and polygamous. The female 
deposits her eggs, weighing nearly three pounds, in the 
sand. These, in equatorial regions, are hatched by the 
heat of the sun, with little or no attention on the part of 
the mother; but on either side of the tropics are said to 
be incubated in the usual fashion. This gigantic bird 
feeds naturally on seeds and herbage ; but its taste is so 
obtuse, and its swallowing propensities so universal, that 
there are few substances, however incongruous or indi- 
gestible, which it declines. It is said by some to be the 
swiftest of all running creatures, and Adanson seemed sa- 
tisfied that those he saw at Podor, a French factory on 
the southern side of the Niger, would have distanced the 
fleetest, race-horse that was ever bred in England. There 
is no doubt that the peculiar construction of birds, in rela- 
tion both to the respiratory and circulating systems, is 
such as to admit of their keeping in much better wind 
than is possible for any quadruped ; and when, as in the 
case of the species in question, great muscular power is 
superadded, the natural result must be prodigious swift- 
ness. 

The nandou or American ostrich now forms the genus 
Rhea, of which it is the sole species, characterized by 
having three toes, the wings terminated by a little spur, 
and the tail wanting. It is not above half the size of an 
ostrich, of a whitish-gray, lead coloured on the back, the 
head covered with close-set blackish feathers, almost as 
stiff as hair. This bird inhabits the pampas of Paraguay, 
in troops of a few dozen, and extends almost as far south 
as the Straits of Magellan. It is a gentle, innocent crea- 
ture, of herbivorous habits, easily tamed if taken young, 
and laying an enormous number of eggs. As several fe- 
males sometimes sit together, it is probable that the num- 
ber of seventy or eighty eggs, alleged to Lave been found 
in a single nest, are not the produce of one bird, but ra- 


ther the result of a kind of joint-stock Incubating com- 
pany. Its flesh is eaten by the Indians, and its feathers, 
from their peculiar structure, make very good hair-brooms. 

In the genus CASUARitrs, the wings are still shorter than 
in either of the preceding, and seem of no use even in rim- 
ing. They consist, in fact, merely of a few hard, stiff, 
sharp-pointed, barbless shafts. The head is surmounted by 
a bony crest, and the bill is laterally compressed (see Plate 
XV., figure 2) The sole species is the common cas- 
suary ( C. galeatus, Vieil.), a bird first imported to Europe 
by the Dutch in 1597. Like the rest of its tribe, it is ex- 
tremely large, measuring about five feet in height. Its plu- 
mage is very peculiar, being long, narrow, decomposed, and 
hair-like, and the plumule, or short inner feather (which 
exists in almost all birds except pigeons), is of nearly equal 
length with the outer portion, so that an appearance is pro- 
duced of there being a double feather to each quill. The 
prevailing colour is blackish. The cassuary inhabits the 
Moluccas, Ceram, Bourou, and especially New Guinea. 
These birds usually live in pairs, and the female lays three 
eggs, of a greenish hue, and punctured surface. They run 
with great swiftness, and defend themselves from dogs and 
other animals, by kicking like horses. The inner claw is 
very large and strong. 

The emeu, or New Holland cassuary, forms the genus 
Dromecius of Vieillot. The bill is much depressed, the 
head feathered, without osseous crest, the throat naked. 
The claws are of nearly equal length. The general co- 
lour is dull brown mottled with dingy gray ; the young 
are striped with black. The plumule is equally extended 
as in the preceding species. (See Plate XV., figure 
6.) Next to the ostrich, the emeu is the tallest bird we 
know. Its flesh affords admirable eating, — truly exqui- 
site,’^ says Peron, “ and intermediate, as it were, between 
that of a turkey and a sucking pig.” Mr Cunningham com- 
pares it to beef; which is also an excellent thing. This 
bird is widely spread over the southern parts of New Hol- 
land and the adjacent islands. It is tamed with great ease, 
and of late years has frequently bred in Britain. 

In the genus Apteryx of Shaw,^ the bill is slender and 
of considerable length, the legs short, with three anterior 
toes, and a posterior spur to represent the hallux. The 
wings are rudimentary. The only known species was ob- 
tained a number of years ago on the south coast of New 
Zealand, by Captain Barclay of the ship Providence, and 
was presented by him to Dr Shaw. It equals a goose in 
size. This bird, of which the history was long obscure, 
was several years ago received in London.® 

The last ornithological form to which we shall allude 
under our present tribe is the mysterious Dodo (JDidus 
ineptus), a bird which some regard as an extinct, others 
as^ a fabulous, species. In neither supposition would it fall 
within the limits of our present treatise, which seeks to 
present a sketch, however imperfect, of living nature ; and 
we shall therefore not occupy our narrow limits by a sub- 
ject of doubtful disputation,” on which we cannot our- 
selves throw any light, having neither been in the Mauri- 
tius, nor studied the works of Clusius and the early Dutch 
navigators.® 


Tribe 2d. — Peessirostres. 

This tribe consists of the bustards, plovers, and other 
species which, like all the preceding, either want the hind 
toe, or have it so short as not to touch the ground. The 
bill is of medium size, but of sufficient strength to pierce 
the ground in search of worms and insects, the feebler 


“ summit vie J of authorities regarding the dodo,liy'M^r t! to the^L./<5ri«il Jaufnd 



ORNITHOLOGY. 


Gralla- 

tores. 


species often frequenting moist meadows and tilled ground 
in search of food. The stronger billed kinds feed also on 
grain, &c. 

The genus Otis, Linn., possesses the bulky massive 
form of the gallinaceous order, and the upper mandible is 
somewhat arched ; but the bare space above the tarsus, 
the want of the hind toe, and the general structure both 
outward and internal, connect them more closely with the 
Grallatores. The great bustard ( Otis tarda) is the largest 
of the European birds, and one of the rarest of our Bri- 
tish species. It sometimes weighs nearly thirty pounds, 
and is now believed to be confined exclusively to Nor- 
folk. We have another species called the little bustard 
( O, tetrax\ also very rare. Many fine species occur in 
Africa and the East. (See Plate XV., figure 4.) 

The genus Charadrtus, Linn., likewise wants the hind 
toe. The bill is compressed, and somewhat enlarged to- 
wards the tip. It contains the various species commonly 
called plovers, and may be divided into two. Ist, CEdic- 
'NEMUS, Temm., in which there is an inflation towards the 
terminal portion of the bill in both mandibles, and the 
nasal fossae are less prolonged. These are the larger spe- 
cies, of which the great plover (6Edic, crepitans), or thick- 
knee*d bustard of our English writers, affords a good ex- 
ample. It is a migratory bird, of rare occurrence, confin- 
ed chiefly to our southern and eastern counties, which it 
visits about the end of April. It is as yet unknown in 
Scotland. This bird is a nocturnal feeder, and preys 
principally upon insects. 2d, Charadrtus, in which the 
bill is inflated only above, and two thirds of its length on 
each side are occupied by the nasal fossae, which renders 
the organ comparatively feeble. The species are grega- 
rious, and, like the gulls, beat the moist soil with their pat- 
tering feet, to terrify the incumbent worms. “ The mem- 
bers of this genus,^^ says Mr Selby, “ are numerous, and 
possess a very wide geographical distribution, species be- 
ing found in every quarter of the globe. Some of them, 
during the greater part of the year, are the inhabitants 
of open districts and of wild wastes, frequenting both dry 
and moist situations, and only retire towards the coast 
during the severity of winter. Others are constantly re- 
sident upon the banks or about the mouths of rivers, 
particularly where the shore consists of small gravel or 
shingle ; such are most of the smaller species. Except 
during the season of reproduction, most of them live in 
societies, larger or of less amount, according to the spe- 
cies. Their migrations are also performed in numerous 
bodies, the old birds usually congregating by themselves, 
and preceding the young in their periodical flights. They 
run with much swiftness, as might be expected from the 
simple structure of their feet; and from the shape and 
dimensions of their wings, they fly with strength and ra- 
pidity. They live on worms, insects, and their larvae, 
&c. and most of them are nocturnal feeders, as indicated 
by their large and prominent eyes. They are subject to 
the double moult, and the change at the different seasons 
is in many species very marked. Their nest is on the 
ground, and their eggs are always four in number. The 
flesh of the larger species, and such as inhabit the plains 
of the interior, is delicate and high flavoured; but in 
many of the smaller kinds, that live on the coast, or on the 
banks of rivers, it is not so palatable.’’^ The beautiful gold- 
en plover (CAar, ptuvzatis) is the best-known example to 
which we need refer. The prevailing plumage of the up- 
per parts is brownish, or very deep hair-brown, each fea- 
ther being tipped and otherwise spotted with yellow. The 
chin and throat are white, the fore part of the neck, breast, 
&c. ash-gray, streaked with darker gray, and tinged with 
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yellow. During the breeding season, the cheeks, chin, 
throat, fore part of the neck, centre of the breast, and ab- 
domen, are of an intense black, and in this state it has been ' 
erroneously regarded as a distinct species. To the same 
group belong the dotterel {Char* rnorinellus), the ring- 
plover {CharJiiaticula), and many other kinds, exotic and 
indigenous. Several of the foreign plovers have sharp spurs 
upon the anterior margin of the wing, as well as fleshy flat- 
tened lobes upon the head. 

The genus Vanellus of Bechstein differs but little 
from the plovers, except in the possession of a small hind 
toe. We here place our elegant crested lapwing, or green 
plover ( V» cristatus)y commonly called in Scotland the 
pees-weep. ^ The gray plover ((?. squatarola, Linn.) forms 
the genus Squatarola of Cuvier, distinguished, like the 
preceding, by a very small hind toe ; but the bill is more 
bulged beneath towards the extremity, and the nasal fossae 
are short. 

The genus Hjematopus, Linn., commonly known by 
the ^ name of oyster-catcher, has the bill rather long, 
straight, pointed, compressed. The hind toe is wanting. 
Oar British species {H. ostralegus), breeds along the 
rocky ledges of friths and bays, and is said to open oyster 
and other shells by means of its bill. We could never 
detect it in the performance of this feat, and we rather 
doubt the fact, till assured of it by a credible eye-witness. 
Oysters are by no means easily opened, even with a knife. 
Several nearly allied species have been discovered of late 
years in Asia, Africa, and America. One is found in New 
Holland. 

In the genus Cursorius the bill is slender, rounded, 
somewhat arched, without furrow. The legs are .long, 
the hind toe wanting. Five or six species occur in Afri- 
ca and Asia, and of these, C* IsaheUmus, Meyer, some- 
times accidentally appears in the south of Europe. A few 
specimens have been even seen in Britain. 

The genus Microdactylus, Geoffrey {Dichohphus^ 
Uliger), has the bill stronger and more curved, with a 
wider gape. The legs are of great length, the toes slight- 
ly palmated at the base, the hinder one very small, and 
not reaching to the ground. The only known species is 
a singular South American bird called the gariama or 
crested screamer fJIf. cristatus^Geo^,, — Palamedea cristata, 
Gm.). It is larger than a heron, the plumage reddish 
gray waved with brown, the forehead ornamented by a 
crest of recurved slender feathers. (See Plate XV., figure 
3.) The plumes of the head and neck are also de- 
composed. The 9 ariama inhabits elevated plains in Brazil 
and Paraguay, where it feeds on serpents and other rep- 
tiles, as well as on insects and their larvae. It flies feebly, 
owing to the shortness of its wings, but runs with consi- 
derable swiftness. When pursued, it is apt to conceal it- 
self by squatting in some cunning corner. Its flesh af- 
fords excellent food, and it is sometimes reared by the 
Spaniards in a domestic state. The female lays only two 
eggs. 

Tribe 3d. — Cultrirostres. 

In this tribe the bill is usually strong, of considerable 
length, straight, cutting, sharp-pointed. In many spe- 
cies the trachea undergoes a peculiar duplication in the 
male sex. The caeca are short. Cuvier divides the tribe 
into three lesser groups, — the cranes, the herons, and the 
storks. 

The cranes properly so called (genus Grus) have the 
bill longer than the head. The most noted species is the 
common crane of Europe ( G, dnerea), a migratory bird, 


Gralla- 

tores. 
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Gralla- well known in Britain during former ages, and still breed- 
tores. jjjg ^ northern and eastern countries of Europe. 

Part loosely wing the region, part more wise, 

In common, ranged in figure, wing their way. 

Intelligent of seasons, and set forth, 

Their airy caravan high over seas ^ 

Flying, and over lands with mutual wing, 

Easing their flight ; so steers the prudent crane 
Her ^nual voyage, borne on winds, the air 
Elotes as they pass, fann’d with unnumber’d plumes. 

In our own island the appearance of this bird now-a-days 
may be regarded as accidental. It is a very large species, 
measuring above four feet in height. The prevailing plu- 
mage is of a deep ash-gray, the face and throat black, the 
rump and tertial feathers very long, loose, flowing, decom- 
posed. 

The whooping crane of the new world {Qrus Americana) 
has a pure white plumage, with black primaries. (See 
Plate XVI., figure 1.) This stately bird, when standing 
erect, measures nearly five feet in height, and is the largest 
. of the feathered inhabitants of the United States (bating 
Lynch law and the use of tar). It is widely spread over 
North America, from which it usually retires in winter to 
the West Indies, although a few hybernate in the warmer 
parts of the Union, or even linger throughout that inclement 
season in the swamps of New Jersey, near Cape May. When 
wounded this crane defends itself with vigour, and has been 
known to strike its bill through a person’s hand with the 
strength and sharpness of a dagger. It builds upon the 
ground, and sometimes congregates in vast flocks, the cla- 
mour of which is more easily imagined than described. It 
was heard with astonishment by Captain Amidas, the first 
Englishman who ever landed in North America, when he 
visited the island of Wokokou, off the coast of North Caro- 
lina. “ Such a flock of cranes,’^ says he, ‘‘ (the most part 
white) arose under us, with such a cry, redoubled by many 
echoes, as if an army of men had shouted all together.’’ The 
bustle of their great migrations, and their passage, as of 
mighty armies, fill the mind with wonder. Mr Nuttall, while 
descending the Mississippi in December, observed the 
whooping cranes in countless thousands, as if assembled 
from all the swamps and marshes of the north and west, — as 
if the entire continent was giving up its quota to swell the 
mighty host. Their flight took place during the night, down 
the great aerial valley of the river, whose southern course 
conducted them every instant towards more genial climes. 
“ The clangour of these numerous legions passing along, 
high in the air, seemed almost deafening ; the confused cry 
of the vast army continued with the lengthened procession, 
and as the vocal call continued nearly throughout the whole 
night without intermission, some idea may be formed of the 
immensity of the numbers now assembled on their annual 
journey to the regions of the south.” Several other fine 
cranes inhabit America, as well as Africa, and the East. 

The beautiful Balearic crane (-4. pavoninay Linn.) be- 
longs to the genus Anthropoides of Vieillot. (Plate 
XV., figure 9.) It occurs in Africa and in some of 
the Mediterranean islands. The Demoiselle {A. virgo)y re- 
markable for its peculiar and what may be almost called 
affect^ gestures, is nearly allied. It is likewise of African 
origin, as is also the Stanley crane {Anth Stanleganus), 
belonging to the same restricted group, and more recently 
described by Mr Vigors.^ 

^ In the genus Psophia, which contains the South Ame- 
rican trumpeters, so called from their peculiar voices, the 
bill is less elongated, and the head and neck clothed with 
short down-like feathers. JP, crepitans is easily domesti- 
cated, and becomes much attached both to places and to 
persons* It is even said to act as a guard or conductor to 


domestic poultry. It flies indiiferently, but runs with Oralla- 
great swiftness. "(Plate XV., figure 7.) There are only two tores, 
species. 

The genus Aramus of Vieillot is constituted by the 
courliri of Buffon, or scolopaceous heron, of which the 
bill, slenderer and more deeply cleft, is inflated towards the 
tip. The toes, all rather long, have no palmation. The 
only known species (4n scolopaceus) inhabits Cayenne, 

Brazil, and Paraguay, spreading into Florida and other 
southern parts of the Union. It is a shy and solitary bird, 
dwelling in pairs, and crying in a loud sonorous voice, con- 
tinusdly by night and day, caraUy carau. It runs swiftly, 
and builds upon the ground, ^but often lights on trees. It 
is not fond of wading. 

A still more singular bird, classed by Linnaeus with the 
herons (Ardea helia$\ is the caurale snipeof Latham, which 
now forms the genus Eurypyga of Illiger. C’est un 
oiseau,” says Cuvier, ‘‘ de la taille d’un perdrix, k qui son 
cou long et menu, sa queue large et 6talee, et ses jambes 
peu 61ev^es, donnent un air tout different de celui des au- 
tres oiseaux de rivage. Son plumage, nuanc6 par bandes et 
par lignes, de brun, de fauve, de roux, de gris, et de noir, 
rappelle les plus beaux papillons de nuit. On le trouve 
le long des rivieres de la Guiane.”- 

The second group of the cultrirostral tribe, composed 
chiefly of the herons, is more strictly carnivorous than the 
preceding. 

The first genus is Cancroma, Linn., composed likewise 
of a single species called the boat-bill — C. cochlearia. The 
bill is comparatively short, but very broad, boat-shaped, 
with the upper mandible overlapping the lower. It inha- 
bits the moist hot regions of South America, frequenting 
the banks of rivers, preying on fish, and building its nest 
on low bushes. It is of an irritable passionate nature, and 
when enraged raises the feathers of its crest, so as to al- 
ter its usual aspect surprisingly. As it scarcely ever fre- 
quents the sea-coast, its alleged propensity to feed on crabs 
is probably ill founded. The boat-bill varies considerably 
in plumage, but it does not appear that there is more than 
one authentic species. 

The genus Ahdea, Cuv., contains the true herons. The 
bill is as long or longer than the head, strong, hard, straight, 
compressed, sharp-pointed ; the masticating edges sharp, 
the culmen rounded. The eyes are encircled by a bare 
skin, which extends to the base of the bill. The herons 
form a considerable group, almost all of which, according 
at least to our particular taste, are remarkable for beauty 
of plumage. They seldom, however, exhibit a preponde- 
rance of the brighter or more gaudy colours, such as red 
or yellow, being chiefly distinguished by a delicate har- 
monious blending of pearly-gray and brown, black, white, 
pale blue, slate-colour, and other sober hues. The farms 
of the plumage are graceful and elegant. Long pendent 
plumes frequently ornament the hinder portions of the 
head and neck, the lower part of the breast, and the dorsal 
region. The body is usually small and light, the limbs long 
and delicate, the toes narrow and taper, and the neck thin, 
pliant, and extremely graceful. Many species formerly re- 
garded as true herons are now excluded from the modern 
genus. The habits of the heron tribe are fully as aquatic as 
those of the majority of Gi‘allatores. They usually walk, 
or rather wade, along the shores of lakes, rivers, stagnant 
marshes, or the land-locked waters of narrow seas, in search 
of their natural food, which consists of fish, frogs, several 
marine and fresh-water shells, slugs, worms, and various 
insects. During flight they extend their legs backwards 
instinctively, as if to counterbalance the weight of the an- 
terior extremity, and by a duplication of the neck they 
lower the head between the shoulders. In some instances 
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they are gregarious, in others solitary. In the former case 
they build in trees, — in the latter, more frequently among 
reeds or rushes. Several species afford an excellent 
though now much-neglected article of food, and were not 
only prized as such in England in the olden time, but were 
objects of still higher interest and regard, as affording the 
finest display of strength and intrepidity in the practice of 
the noble art of falconry. Birds of this genus occur in al- 
most every (juarter of the known world. The species 
which inhabit high northern latitudes, such as Kamts- 
chatka and the shores of Hudson’s Bay, migrate south- 
wards before the arrival of winter. Such as breed in warm 
or temperate climates are more stationary. 

Our common or long-necked heron (Ardea majcyr et 
dnerea^ Linn.) affords a familiar example of the genus. 
‘‘ Yon Cassius hath a lean and hungry look,” yet when ex- 
amined close at hand he is an elegant and beautifully plu- 
maged species. The heron usually builds on the tops of 
lofty and umbrageous trees, yet in an island of Loch Conn 
we have seen its nest on poUards not more than ten feet 
high ; and we lately noticed a large heronry among the 
precipitous cliffs which overhang the sea about a mile out- 
side the entrance to the Cromarty Frith, upon the northern 
shore. We have several other British herons, the majo- 
rity of which, however, must be regarded rather as strag- 
glers or accidental visitors, than as truly indigenous spe- 
cies. The egrets are beautiful crested herons, with the 
plumage usually pure white, and in part decomposed, or 
very loose and flowing. Of these, the little egret (^Ardea 
garzetta, Linn.) is common in Turkey, and the east of Eu- 
rope, as well as in many parts of Asia, Africa, and the 
islands of the Mediterranean. It is frequently alluded to 
in the ancient household books of England ; and in the re- 
corded bill of fare of the famous feast of Archbishop Ne- 
ville, in the reign of Henry IV., a thousand are said to 
have been served up at a single entertainment. It is in- 
deed extraordinary that a bird now so rare in all the west- 
ern countries of Europe, should have been at any time so 
superabundant in Britain j and Dr Fleming has judicious- 
ly suggested that the lapwing, which is so beautifiilly 
crested, may have been indicated under the old title of 
egritte. The true egret is not even alluded to as an indi- 
genous bird so far back as the time of Willughby and 
Ray. The great egret {Ardea egretta, Temm.) is well known 
in Poland and Hungary, but scarcely ever shows itself in 
the western parts of the European continent. 

The bitterns have the plumage of the neck extremely 
full and elongated. Their colours are usually brownish 
yellow, radiated or spotted with black. They form^ the 
modern genus Botaurus. The night-herons constitute 
another generic group, under the title of Nycticorax. 
The term, which signifies night-raven, has been no doubt 
applied from the circumstance of their feeding at night, 
and remaining in a state of comparative rest and inactivity 
throughout the day. The European species {Ardea nycti-^ 
carax^ Linn., — Nyc, EuropeuSy Stephens) is more common 
in America than in the old world. New Holland and Af- 
rica each possesses a species. In form. Sir William Jar- 
dine observes, these birds are intermediate to the bitterns 
and true herons ; the bill is short, and stronger in propor- 
tion than in either, and the hind head is adorned with 
(generally three) narrow feathers in the form of a crest. 
They feed by twilight, or in clear nights, and take their 
prey by wary watching, like the herons. They are grega- 
rious and build on trees, and are noisy and restless during 
the period of incubation. The prevailing colours are ash- 
gray and black, or pale fawn and chesnut. The young are 
always of a dingier hue than their parents, and have their 
feathers marked with whitish spots. 


The remaining genera of the Cultrirostres form Cuvier s Gralla- 
third group. tores. 

In the genus Ciconia, Cuv., the bill is large, without 
nasal groove or furrow, the nostrils pierced near the base, 
and towards the dorsal portion. The tarsi are reticulated, 
and the anterior toes strongly palmated, especially the ex- 
ternal. The mandibles are broad and light, and when 
struck together produce a frequent and peculiar snapping 
sound, almost the only one they ever utter. The best- 
known European species is the white or common stork 
{Ciconia alba)y a bird somewhat smaller than the crane, 
but larger than the heron. The bill and legs are red, the 
whole plumage pure white, except the greater coverts, 
scapulars, and quill-feathers, which are black. It is a com- 
mon summer bird in several European countries, espe- 
cially Holland, where it is esteemed and protected, and 
has become so familiar as to build on the tops of houses 
even in the centre of large towns. Its periodical migrations 
have long excited the admiration of naturalists by their 
extent and regularity. They are indeed beautifully and 
wisely directed. ‘‘ Yea, the stork in the heavens knoweth 
her appointed times ; and the turtle, and the crane, and 
the swallow, observe the time of their coming.” The species 
appears to have been regarded with peculiar favour in al- 
most all ages and countries. By the ancient Egyptians it 
was looked upon with a reverence only inferior to that 
which they paid to the mystical ibis ; the same feeling still 
preponderates in many parts of Africa and the East ; while 
nearer home the Dutch are remarkable for their affection- 
ate attachment to this “ household bird.” On the other 
hand, the stork itself appears to reciprocate this friendly 
feeling. Undismayed by the presence of man, it builds its 
capacious nest upon the house-top, or on the summits of 

ancestral trees” in the immediate vicinity of human dwell- 
ings, or even environed by the busiest haunts of men. It 
stalks,” says Mr Bennet, perfectly at ease along the busy 
streets of the most crowded town, and seeks its food on 
the banks of rivers, or in fens in close vicinity to his abode. 

In numerous parts of Holland its nest, built on the chim- 
ney top, remains undisturbed for many succeeding years, 
and the owners constantly return with unerring sagacity 
to the well-known spot. The joy which they manifrst in 
again taking possession of their deserted dwelling, and the 
attachment which they testify towards their benevolent 
hosts, are familiar in the mouths of every one. Their af- 
fection for their young is one of the most remarkable traits 
in their character. It is almost superfluous to repeat the 
history of the female which, at the conflagration of Delft, 
after repeated and unsuccessful attempts to carry off her 
young, chose rather to perish with them in the general 
ruin than to leave them to their fate ; and there are many 
other and well-authenticated proofs of a similar disposition. 

They generally lay from two to four eggs, of a dingy yel- 
lowish white, rather longer than those of the goose, but 
not so broad. The incubation lasts for a month, the male 
sharing in the task during the absence of the female in 
search of food.”^ 

Of the foreign species, the gigantic stork (C. argala) 
is well known in India by the name of adjutant. It mea- 
sures upwards of six feet in height. A nearly allied spe- 
cies is the marabou of Africa {C marabouy Temm.), very 
common in many parts of the interior. According to Ma- 
jor Denham, it is protected by the inhabitants on account 
of its services as a scavenger. Its appetite is most vora- 
cious, and nothing comes amiss to its omnivorous propen- 
sities. Mr Smeathman has given a long account of a bird 
of this kind which regularly attended at the dining table, 
and frequently helped itself to what it liked best. It one 
day darted its enormous bill into a boiled fowl, which it 
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Gralla- swallowed so instantaneously that all hope of rescue was 
uores- in vain. On another occasion it actually bolted a cat. 

The genus Myctebia, Linn., contains the birds called 
jabirus. They scarcely differ from the storks, except in 
the bill exhibiting a slight curvature upwards. The spe- 
cies, if correctly referred to by naturalists, though few in 
number, inhabit widely distant regions,— AM&riccLifici 
being native to Cayenne, M, Amtralis to New Holland, 
and M, Senegalensis to Western Africa. Is the latter sy- 
nonymous with Dr Kuppell’s saddle-billed stork, C. epkip- 
piorhyncha ? 

The genus Scopus is composed of a single species, S. 
umhretta, Linn., an African bird, of the manners of which 
we are still entirely ignorant. In English books it is called 
the tufted umber. Its generic title is Greek for 

sentinel. It is probably watchful and solitary. 

The genus Anastomus, of which the Pondicherry and 
Coromandel herons of Latham serve as examples, is pecu- 
liar to the East Indies. These species present a remark- 
able peculiarity in the structure of the bill. The mandibles 
touch each other only at their points and bases, thusleav- 
ing a gaping intervening space. An. Coromandelianus is 
common on the banks of the Ganges, and other eastern 
rivers, and likewise frequents the Coromandel coast during 
the months of Septembei', October, and November, feed- 
ing on fish and reptiles. A more recently discovered spe- 
cies is /In. lamelligerus of Temm. (PZ. CoL 236), a native 
of the Cape. 

The genus Dromas of Paykull has the hill compressed 
and swollen at the base beneath, with the commissures 
close. The only known species is 2). ardeola, Temm. PL 
(JoL 362, an African bird, with white plumage, the back 
and pinions, as well as the legs and bill, being black. It is 
of rare occurrence, but rather extended distribution, spe- 
cimens having been obtained both from the shores of the 
Eed Sea and the Senegal coast. “ L’ardeole,'^ says M. 
Lesson, tient des cedicn^mes par son bee, et memes des 
sternes, de Tavocette, par son plumage et les tarses. C'est 
un veritable oiseaux de transition dans fetablissement des 
families.’'^ Some recent writers regard this bird as iden- 
tical with the corrira so long ago described by Aldrovandi® 
as an Italian species, but not since seen either in Europe 
or elsewhere. The descriptions however do not accord. 
Bechstein, Vieillot, and others, think the Italian corrira 
a fictitious species, made up from the body of an avocet 
and the legs of a thick-knee*d plover ; but Professor Ran- 
zani is of opinion, that as its name is a vernacular one, and 
there is no proof that Aldrovaudi possessed any stuffed 
birds (none being mentioned in the catalogue of his mu- 
seum, and the art in those days being almost unknown), a 
well-known living species must have been alluded to. In- 
deed it appears that Charleton, at least seventy years after 
the printing of the Italian author’s third volume, received 
a specimen from Merret of what he considered as the bird 
in question.® Non vi ha al certo,*^ observes Ranzani, 
** alcun giusto motivo di rivocare in dubbio, che al tempo 
di Aldrovandi si trovasse ne^ luoghi vallivi del territorio 
Bolognese un uccello steganopodo, il quali venisse da’ cac- 
ciatori chiamato corrira, perch ^ correva veloc^mente.” “ E 
quantunque,” he afterwards adds, “ oggidl niuno de’ mold 
cacciatori Bolognesi da me consultati conosca la corrira, 
non cesserd io per questo dal fame le piu diligent! ricerche, 
potendo benissimo accadere, ch’essa torni alcuna volta a 
visitare i nostri terreni vallivi.”^ 

In the genus Tantalus, Linn., the bill, nostrils, and 
feet resemble those of the storks, but the back of the 
upper mandible is rounded, its point curved a little down- 


wards, and sligntly notched on either side. A portion of GraJa- 
the head, and sometimes of the neck, is bare of feathers, tores. 
The species, formerly confounded with the ibises, are 
large size, and inhabit Asia, Africa, and America. The 
best known is Tantalus loculator^ called the wood ibis in 
the United States. It is white, with the face and head 
greenish blue, the quill and tail feathers black, with co- 
loured reflections. It measures above three feet in lengtli, 
and the bill itself is about nine inches long, very broad at 
the base. The wood ibis is a solitary indolent bird, sel- 
dom associating in flocks, but resting alone, like a feather- 
ed hermit, listlessly on the topmost limb of some tall de- 
cayed cypress, with his neck drawn in upon his shoulders, 
and his enormous bill resting like a scythe upon his breast. 

Thus pensive and lonely, he has a grave and melancholy 
aspect, as if ruminating in the deepest thought ; and in 
this sad posture of gluttonous inactivity (for in truth he 
has only over-eaten himself) he passes much of his time, 
till aroused by the cravings of hunger. He feeds on 
snakes, young alligators, fish, frogs, and other reptiles, and 
wisely migrates southwards on the approach of winter.® 

In the United States the principal residence of this bird 
is in the inundated wilds of the peninsula of East Florida. 

The Tantalus ibis of Linn, is an African species, long er- 
roneously regarded as the bird so highly venerated by the 
Egyptians ; but it scarcely occurs in the country of the py- 
ramids, being usually imported from Senegal. The other 
species of this genus are T. leucocephalus^ from Ceylon and 
Bengal ; and 2\ lactea (Temm. PL CoL 352), from Java. 

The last genus we shall mention of our present tribe is 
Platalea, Linn., containing the birds called spoon-bills, 
which, like the preceding, are also few in number. The 
chief character is constituted by the rounded flat enlarge- 
ment or dilatation at the extremity of the bill, from w'hich 
they derive their English name. They inhabit marshy 
and muddy places, where they grope about with their 
spoons in search of worms and mollusca. They are gre- 
garious and migratory, build on trees, occasionally among 
rushes, and occur in Europe {PL leucorodia)^ Airica {PL 
nudifrons)^ and America {PL ajaja). The last-named 
species, called the roseate spoon-bill, is a beautiful bird, 
the ground-colour w'bite, but richly tinged with rose-colour, 
deepening in part into carmine-red. The feet are half 
webbed, and the toes are very long. (See Plate XVL, 
fig. 2). This bird is more maritime in its habits than the 
European kind, and wades about the coast in quest of shell- 
fish and small crabs. According to Captain Henderson 
(in his account of Honduras), it occasionally both swims 
and dives. Although it now and then straggles up the 
Mississippi towards Natchez, into Alabama, and even as 
far north as the banks of the Delaware, it is a truly tropi- 
cal bird, frequent in Jamaica and other islands of the West 
Indies, as well as in Mexico, Guiana, and Brazil. In a 
southerly direction, it is said to spread as far as Patagonia. 

Tribe 4th. — Longirostkes. 

In this tribe the bill may be characterized as lengthened 
and feeble. The species belong chiefly to the old genera 
Scolopax and Tringa of Linn. They bear a general resem- 
blance in their forms and habits, and frequent moist places, 
where tlieir slender bills can probe for worms and insects, 
without the risk of fracture. 

In the genus Ibis, Cuv., the bill is long, arched, broad, 
and squarish at the base, with the point depressed, obtuse, 
rounded, and the upper mandible deeply furrowed through- 
out its whole lengtli. The nostrils arc narrow and oblong, 


Troiitc d Omiihoh^^ p. ^31. » Exerciiationes de differeniiis Animalium^ Oxonii, 16*77, p. 102-3. 

Ornwiologia^ t. iii. p. 28S, * Elementi di Zoologiay t. iii. parte ix. p» 300-2. 

^ Nuttall's Manual, voL ii. p. 83. 
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Gralla- and pierced through the membrane of the furrow near its 
tores, base. The forehead and lores are bare of feathers. 

The species of this remarkable genus are distributed 
over the warmer zones of all the four quarters of the 
globe, the green or glossy ibis {Ibis falcinellus)^ being it- 
self found in Europe, Asia, Africa, and America, and oc- 
casionally in Great Britain. The sacred or Egyptian ibis 
{Ibis religiosa^ Cuv ., — Tantalus EthiopicuSi Latham) is a 
bird of a more striking and peculiar aspect, though undis- 
tinguished by much diversity in the colours of its plumage. 
It measures about two feet six inches in length. The head 
and neck are, in the adults, bare of feathers, presenting 
nothing but a dark cutaneous surface. The prevailing 
colour is white, with long funereal-looking nlumes of a 
purplish black colour, proceeding from beneath the ter- 
tiary wing- feathers, and hanging down not ungracefully 
on either side. The legs and feet are deep lead-colour. 
Among the ancient Egyptians, a people prone to award 
divine honours to the brute creation, the ibis was regarded 
as an object of superstitious worship, and its sculptured 
outline frequently occurs among the hieroglyphical images 
which adorn the walls of their temples. The conserva- 
tion of its mystical body occupied the assiduous care of 
their holiest priests while living, and exercised the gloomy 
art of their most skilful embalmers when dead. To slay 
or insult it would have been deemed a crime of the dark- 
est hue, and sufficient to call down upon the offender the 
immediate vengeance of heaven. The incarnation of their 
gods was effected through the medium of this sacred bird, 
and the tutelary deity of Egypt was supposed to be thus 
imaged to the eyes of adoring mortals when he descended 
from the highest heavens. The embalmed bodies of this 
species are still found in the catacombs, and other places 
of ancient sepulture ; and the antiquary and the natural- 
ist marvel alike at the wonderful art which, for some 
thousand years, has handed down unimpaired to a far-re- 
moved posterity the form and features of so frail a crea- 
ture- The pei^ection of an unknown process has almost 
defied the ravages of time, and through its intervention 
the self-same individuals exist in a tangible form, which 
wandered along the banks of the mysterious Nile in 
the earliest ages of the world, or “ in dim seclusion 
veiled,*' inhabited the sanctuary of temples, which though 
themselves of most magnificent proportions, are now 
scarcely discernible amid the desert dust of an unpeopled 
wilderness. 

The natural and mythological histories of this remark- 
able bird are so closely combined by ancient authors, that 
it is scarcely possible to gather from their statements any 
rational meaning. Those, indeed, whose province it is to 
illustrate the history of mankind, by explaining the rise 
and progress of superstition, and the frequent connection 
between certain forms of a delusive worship, and the phy- 
sical conditions of clime and country, may find in the dis- 
torted history of Egyptian animals an ample field for the 
exercise of such ingenious speculations ; but the Zoologist 
has to do rather with things as they are, than as^ they 
were supposed to be, — and his province is to explain (or 
attempt so to do) the works of the God of nature as they 
exist in their most beautiful and harmonious simplicity, 
undeformed by the multitudinous fables of a remote an- 
tiquity. We need not, then, to inquire whether the basi- 
lisk be born from an egg produced in the body of the ibis, 
by a concentration of all the poison of all the serpents 
which it may have swallowed in the course of a long and 
reptile-eating life ; — nor whether the casual touch of its 
lightest plume still suffices not only to enchant and ren- 
der motionless the largest crocodile, but even to deprive 
it at once of life nor whether the ibis itself, according 
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to an expression of the priest of Hermopolis, sometimes Gralla- 
attains to so great an age that « it cannot die," unless 
when, removed from the sustaining soil of its beloved 
it sinks beneath the nostcdgia of a foreign land I 
For we know that the basilisk does not exist ; that young 
ibises have been seen fiapping themselves across the out- 
stretched bodies of sleeping crocodiles, which afterwards 
sought the waters of the Nile with their accustomed ala- 
crity ; and that the age of the sacred bird, though from 
the skill of the embalmers it may be said to be “ in death 
immortal," does not exceed that of the rest of its con- 
geners. 

The sacred ibis is usually observed either in pairs, or 
in small groups of eight or ten together. They build 
their nests on palms and other elevated trees, and lay two 
or three whitish eggs. They do not breed in Egypt, but 
arrive in that country when the waters of the Nile begin 
to swell. This apparent connection (as of cause and ef- 
fect) between the presence of these birds and the ferti- 
lizing flow of the mighty and mysterious river, probably 
gave rise to their worship as divine agents in immediate 
connection with those grander processes of nature by 
which the surface of the earth was regulated, and sustain- 
ed in a fit condition for the health and prosperity of the 
human race. A slight knowledge of natural history* would 
indeed have sufficed to show, that such divine honours had 
not been awarded as a consequence of their destruction 
of serpents and other venomous reptiles ; for the modern 
Egyptians confirm the views of Colonel Grobert, that the 
ibis does not prey on serpents at all, but feeds very much 
after the manner of the curlew, on insects, worms, small 
fishes, and molluscous animals.^ 

A smaller sized though much more splendidly attired 
species, is the scarlet ibis (/. ruber) of America. This 
brilliant bird is confined to the new world, where it is 
chiefly tropical, abounding in the West Indies and the 
Bahama Islands, and stretching southwards of the equator 
at least as far as Brazil. In the course of the summer (ge- 
nerally in July and August) it migrates into Florida, Ala- 
bama, Georgia, and South Carolina, retiring into Mexico 
and the Carribbean Islands on the approach of the winter 
season. It is gregarious, feeding along the sea-coast, the 
shores of estuaries, and the banks of rivers, on small fry, 
shell-fish, insects, and worms. Although they often perch 
on trees (where the contrast of their fiery plumage with 
the surrounding folSage is said to produce a most resplen- 
dent effect), they build their nests upon the ground. The 
young for several seasons exhibit obscure shades of brown, 
they afterwards become spotted with red, and then assume 
the splendid attire of the parents, which is a uniform and 
dazzling scarlet, with the exception of the extremities of 
the first four primaries, which are of a rich bluish black. 

Pennant says that the scarlet ibis has been domesticated in 
Guiana; and Dr Latham possessed one which was brought 
alive to England, and lived for some time with his poul- 
try. It is clear from the statements of American writers, 
that it is, at least in temperate countries, a bird of pas- 
sage, although Cuvier observes, “ que cette espece ne 
voyage point." When taken young it is easily tamed, and 
submits to domestication without repining. Delaet says 
it has even propagated in captivity ; and M. Delaborde 
has given the history of an individual which he kept for 
above two years, feeding it on bread, raw or cooked meat, 
and fish. It was fond of hunting in the ground for worms, 
and was in use to follow the gardener in expectation of that 
favourite food. It roosted at night upon the highest perch 
in the poultry-house, and flew out at an early hour of the 
morning, sometimes to a great distance from home. Our 
climate is probably too cold and variable for a bird which 


* Wilson’s lUuttrations of Zoology y vol. i. pi- xix. 5 I 
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Gralla- on the approach of winter always migrates southwards, 
tores, otherwise it would assuredly form a splendid (it is even 
said a savoury) addition to our stock of domestic fowls.^ 

In the genus Numenius, Cuv,, the hill is arched, as in 
the preceding, but still more slender, and rounded through- 
out its entire length, instead of being square at the base. 
The extremity of the upper mandible extends beyond the 
under one, and projects a little over it at the base. There 
is an obvious palmation at the root of the toes. 

To this genus belong the curlews, — ^well-known birds, of 
shy and wary habits, which, according' to the season, haunt 
either the hilly pastures or the sandy shores. The North 
American species (iV. longirostris^ Wilson) - is remarkable 
for the extraordinary length of its bill. (See Plate XVI„ 
fig. 3.) The common curlew of Britain {N, arguatd) seems 
to inhabit exclusively, during the breeding season,' our up- 
land moors and pastures, and descends £d the sea-coasts in 
winter. The smaller British species, called wKimbrel (iV. 
phcBopus)) seems scarcely known in England during sum- 
mer, but is then frequent in the north of Scotland, where 
it breeds. It is distinct from any of the American curlews, — 
with one of which, however, it has sometimes been con- 
founded. A nearly allied species, first described by M. Vieil- 
lot under the title of Mimemus tenuirostris, as a native of 
Egypt, has been ascertained by C. L. Bonaparte to exist in 
' great numbers along the banks of the Tiber, where it occurs 
during winter. It has also been discovered by Signor Savi 
in th6'lneighbourhood of Pisa, by Dr Pajola in the Venetian 
territory, and by Professor Bonelli in Piedmont. We doubt 
ho tit occurs bccksiotiallyin most parts of Europe j[e^pe- 
bmlly ihb eastern countries),' although it escapes detection 
in consequence of its strong resemblance to the common 
whimbrel. Its distinctive phrase is — Numenius pileo ci- 
cerino e nigfo maculato : pennis longioribus ilium candi- 
dis, immaculatis.*^ The small esquimaux curlew (iV*. kh 
realis^ Lath, and Eichardson) passes over a vast extent 
of territory in its migrations, — ^breeding in the barren 
lands within the arctic circle, and spending the winter in 
Brazil. 

In the genus Scolopax,'Cuv., containing the snipes and 
woodcocks, the bill is very long, but straight, and pervaded 
almost throughout its entire length by a nasal furrow. 
The upper mandible is slightly inflated at the tip, which 
is rather soft, and extremely delicate in its perceptions. 
The feet are not palmated. The head is compressed, the 
eyes large, and situate far back upon the head,-^^‘ ce qui,'* 
says Cuvier, leur donne un air singulierement stupide, 
qu'ils ne d^rnentent point par leurs moevirs.'* Now, though 
the birds in questioh may want those accommodating in- 
stincts which elevate the character of many other species al- 
most into a semblance of reason, we are not aware that they 
are in any way of defective intellect, that is, that their pro- 
ceediiigs ate at all discordant with self-preservation, the 
enjoyment of their natural propensions, or the continuance 
of their kind ; and as to the position of the eye, whatever 
may be it§ physiognobical effect, is it hot admirably adapt- 
ed to their general modes of life, and their particular habit 
of plunging their bills into the mud of marshes, enabling 
them so to do, and yet to keep a sharp look-out around 
them ? Depend upon it^ their eyes are in the right place, 
and their large size cannot be otherwise than advantageous 
to birds which feed by nigh ti ^ * 

I ,, have five British species of Scoiopctx^ of which the 
woodcock (/S'. Tusticola) is the chief, a bird much admired 
by epicures, who eat him, entrails and all,-— a dirty practice, 
we opine : but, de gustihus^non disputandum esU During 


the day this species usually frequents the closest brakes, 
where the ground, from depth of shade, is nearly free from 
herbage. They abound most in thickets by the sides or 
open glades, or where roads intersect ; for by these they 
pass to and from their feeding ground at evening and the 
dawn of morn. “ Unless disturbed,” says Mr Selby, “ they 
remain quietly at roost upon the ground during the whole 
day; but as soon as the sun is wholly below the horizon, 
they are in full activity, and taking flight nearly at the same 
instant, leave the woods and cover for the adjoining mea- 
dows or open land, over which they disperse themselves, 
and are fully engaged in search of food during the whole 
night. Advantage has long been taken of this regular 
mode of going to and returning from the feeding-grounds 
by the fowler, in those districts where woodcocks are 
abundant, by suspending nets across the glades, or by the 
sides of hedges, where they are observed to pass conti- 
nually ; and though the adoption of the fowling-piece has 
in general superseded the modes of capture formerly prac- 
tised, great numbers are still taken in this manner in De- 
vonshire and Cornwall. Another method of entrapping 
woodcocks (as well as snipes) is by the springe, which is 
set in places where those perforations made by the bill of 
the woodcock in search of food, and technically called 
borings, are observed to be most frequent. It is formed 
of an elastic stick, of which one end is thrust into the 

S ound, the other having affixed to it a noose made of 
>rse-hair ; the stick being then bent down, this noose is 
passed through a hole in a peg fastened to the ground, 
and is kept properly expanded by means of a fipe trigger, 
so set as to be displaced by the slight pressure of the 
birtfs foot. To conduct them to this trap, a low fence of 
twigs, or of stones placed so closely together as to leave 
no passage through the interstices, is extended to some 
distance on each side of the springe, and generally in an 
oblique direction ; over which obstacle, however trifling, 
it seems the birds never attempt to hop or fly, but keep 
moving along it, till they approach the part occupied by 
the noose of the springe : upon attempting to pass through 
this apparently open space, they displace the trigger, and 
are almost invariably caught by the noose, and retained 
by the spring of the stick against the opposing peg. Day 
being the woodcock*s time for repose, it sits very close, 
and is not easily flushed; the sportsman then requiring 
the aid of the busy spaniel, or the bush in which it is en- 
sconced to be actually beaten by an attendant, before it 
will take wing. It rises, however, witli much quickness, 
and threads its way through the branches with great ra- 
pidity,^ until the underwood and trees are fairly cleared, 
when its flight becomes measured, and offers an easy aim 
to the sportsman. When roused, it seldom flies to .any 
great distance, but alights in the first tliidcet that attracts 
its attention, closing its wings, and dropping suddenly 
down, and in such cases it is not, unusual for it to run a 
httle way before it squats. Just Before rising, upoq be- 
ing disturbed, or when running,’ it Jerks its tail upwards, 
partly expanding it, and fully Showing the white that dis- 
tinguishes the under surface of the tips of the tail-fea- 
thers. In feeding, the tvoodcock inserts its bill deep into 
the earth in search qf worms, which are its favourite 
and principal food. This instrument is most admirably 
calculated for the offices it has to perform when thu% im- 
mersed in the soil ; for, in addition to its great length, it 
possesses a nervous apparatus distributed qver a great 
tion of its surface, and especially on such parts as are 
likely to come first into contact with its prey, giving it 


Gralla- 

tores. 


f Sockfy: We do not know how it has happened that the wood-cut of the scarlet ibis'jn the 
bird whiXS^ to a^^SenSu^^"*' ^ Omithologff, under the natne of wtfod ibi^ Tantah. 
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Oralla- the sense of touch in the highest perfectipn ; and %o enable 
secure the .object thus detected by the discriminat- 
^"'^'^^ing sensibility of the bill> it is further provided with pe- 
culiar muscles (common, I . believe, to all the members of 
the genus), which by compression of the upper or basal 
part of the bill, are brought into action so as to expand 
the tips of both mandibles sufficiently wide to lay hold of 
and draw forth the hidden treasure. The digestion of this 
bird is rapid, and the quantity of worms it can devour in 
the course of a Might is astonishing. I have known one 
that COnsumed'af isi 'raeaT(£hat is, within the night) more 
large earth-worms* than half filled a garden-pot of consi- 
derable size. Tt may, ho wever, by management, be brought 
to eat other food ; as Montagu mentions one that was in- 
duced to* feed on bread andmilk, by worms cleanly washed 
being put into a mess of that kind; and by this practice 
being persisted in, the bird soon acquired a relish for this 
ne’w sort of aliment, and,* with the addition of a few worms, 
throve well upon We have already mentioned that 
the woodcock is now of frequent and consttmt occurrence 
as a breeding bird in several of the northern parts of Scot- 
land. \ , 

i “ Our Other species of this genus are the common snipe, 
$. gallinagO) Linn., which also occurs in the temperate 
parts of Asia; and the jack-snipe, S: gallinula, a winter 
visitant, which breeds, though sparingly, in the north *6f 
Scotland. Besides these, we have as occasional visitants,-— 
the great or solitary snipe, 'S. major^ GmeL, which haunts 
the vast marshes of the north of Europe,— and a species 
of which only one or two examples have been as yet dis- 
covered i(it was first shot in Queen’s county, Ireland, we 
believe in 1822), named S. Sahini^ by Mr Vigors.^ Al- 
though some of these birds have an extenddd geogtaphical 
distribution, the great similarity of several species, both in 
size and pltimage, has caused niisapprehenision; There is 
now no doubt that the species of Eqrope and America are 
quite distinct^ The lesser woOdcdck, S, mirwr, is a beauti- 
fttl bird; well known in the .United States. ' The brown 
snipe 6f, Pennant (S, grisea, GmeL) forms the genuS Ma- 
CRo'RAMPHbs, Leach. Its tobs Mre webbed at the base.* 

Thb genus HHYNCHiBA, Cuy.,kas t3ip, bijl very similar to 
that of the snipes and woodcocks, but it is slightly arched 
towards the tip, and wants the furrow on that part. The 
toes have no palmation. The species are more richly co- 
loured than their congeners, and, in consequence of their 
occasional variation, have been as yet but indifferently dis- 
tinguished., The Cape species so ciled (/?. capensisy — ScoL 
capensiS) Gm., Plate XVI., figure 4), occurs in Java and 
the East Indies ; while i?. variegafa, by some regarded as 
its young, has been received both from China and the south 
of ^Atrica. A very distinct species, however (B, Marea), ' 
described by M. Valenciennes, has been discovered in South 
America.® 

* ’ In the genus Limosa of Bechstein, the bill is still longer 
than among the woodcocks, straight, or even slightly turned 
upwards, and pervaded by lengthened grooves, although 
the terminal single groove is wanting. The tip is blunt 
and depressed. There is a palmation at the base of the 
outer toes. The general form of the species is more slen- 
der, and the legs longer, than in the immediately preceding 
grpupsl They haunt more habitually saline marshes and 
the sea shore. 

We here place the birds called godwits, of which we have 
two British species,— ^the black- tailed godwit, L^melanura, 
Lbisler and Temm. {BcoV ^gocephala^ Linn.), and the red 
godwit, j&. Briss. {Scoh Lapponica, Linn.). Of both 
of these birds Uie synonyms, till lately, were greatly con- 
fused, owing to the double moult to which they are sub- 


ject, and which, producing a remarkable change in the nup- Gralla- 
tial plumage from that of autumn and winter, led to a cor- 
responding multiplication of names,— each kind being 
scribed as two species, according to the season in which it 
was observed. Although the bill in the godwits possesses 
much of the general form of that of the woodcocks, it wants 
the extraordinary plexus of nerves, and therefore does not 
become rugose by exsiccation after death, but continues 
smooth and polished. It is also more solid, less flexible^ and 
thicker towards the base. These birds inhabit marshes, and 
the banks and mouths of river's," where the mud is soft and 
deep, and there they probe with their long extended ' bills 
in search of worms and insects. When thus engaged, they 
are frequently seen with their heads entirely under water ; 
and we accordingly find them provided with that peculiar 
gland above the eye, of which the function appears to be 
to lubricate and defend that delicate and important organ 
from the irritating effect of saline waters.^ The females 
considerably exceed the males in size. Several fine god- 
wits, distinct from those 'of Europe, occur in North Americk ; 
and a semi-palmated species, with a strongly recurved 
bill {SeoL t&reky Lath.), is found both' in India and Van 
Diemen’s Land, and seems in some of its characters fo lead 
towards 'the avocets. 

In the genus Tringa of Temm.,' Selby, &c. {Calidris 
and Pelidna^ Cuv.), the bill equals or is longer than the 
head, is straight or slightly arched, compressed at the 
base, the tip blunt, smooth, and dilated*, semi-flexible, and 
furrowed throughout its length. The legs are of medium 
length, very slim, the feet four-toed, divided to the base, 
slightly margined, with the hind toe scarcely reaching' to 
the ground. 

' The elegant and interesting species which compose this 
rather numerous ^^us are commonly known by- the name 
of sea-larks or' sandpipers, a term Iike*wute bestowed upon 
the Totanu ' Many of them breed by the margins of lakes 
and fivers in the interior; although the majority congregate 
in autumn in numerous flocks along the sea coa^L 'l%ey 
moult twice a year, and their spring and summer plumage 

^nerally very different from that of autuirin ana winter. 

This has occasioned great confusion in the history of seve- 
ral species; The sexes present no great disparity in point 
of plumage, but the females are of larger size. We coin- 
cide in Mr Selby’s opinion, that, the new genera Calidris 
sxidPeUdna, which Baron Cuvier has proposed in place of 
Trhftgd, are not so distinct or well defined as to warrant their 
adoption, being in fact only such slight modifications of form 
as might naturally be expected in birds placed at the ex- 
tremes of the group to which they belong, and of which the 
intimate connection is shown by the intervention of species 
of intermediate form, leading gradually, almost impercep- 
tibly^ from one to the other. Besides, if these two generic 
groups are adopted, it would appear that Tringa would 
cease to exist as a recognised title, which is surely not Jn 
accordance with established rule. The species of our 
present genus are very widely distributed, and several are 
identical in Europe and America. 

Tlie dunlin or purre, T* variahilisy Temin. {T.alpxiia and 
cmclusy Linn.), is a strictly indigenous bird in Scotland, 
where it breeds both near the margins of our inland waters 
and along the sea-shore, — residing with os throughout the 
year. In America it penetrates during the summer season 
to the utmost habitable verge of the arctic circle, breeding 
on the desolate shores of Melville ‘Eeninsula. , It likewise 
inhabits Greenland, Icelandi Scandinavia, and probably 
most ofthe coasts of Europe. We know that at least during 
winter it frequents the Italian shores. In the southern 
hmisphere it sometimes wanders as far as the Cape of 


* Terrussac’s BuUetin des Sciences^ 2d cah. 
^ Selby’s British Ornithology y vol. ii. p. 94. 
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Gralla- Hope, and has been met with both in the West Indies 

tores." and South America. When flying in great autumnal flocks, 
V ^ j its aerial movements are extremely beautiful, each indivi- 
dual of the vast assemblage yielding so instantaneously to 
the same impulsion as to exhibit alternately the upper and 
the under surface of the body, so that we have for a time 
a living moving cloud of dusky brown, and then a brilliant 
flash of snowy whiteness. 

The larger species, called the knot (T. canutus, Linn.), 
has also a vast range in a northerly direction. It passes 
the summer within the arctic circle, breeding in Melville 
Peninsula, and in Hudson’s Bay, as far south as the fifty- 
flfth parallel. It lays four eggs of a dun colour, spotted 
with red, upon a tuft of withered grass. The knot win- 
ters in Britain, but many proceed much farther south, as 
we know they occur towards the end of autumn in the 
Venetian territory. The great mass of the North Ame- 
rican knots pass over the United States, and spend the 
winter within the tropics. The other British species 
are T, rufescensy Temminckiiy minutay maritima, and sub> 
arqmta. 

The genus Abenaria, Bechstein, closely resembles the 
sandpipers of the genus Tringa, but is distinguished by 
the entire absence of the hind toe. The only known spe- 
cies is the sanderling (A. calidris)) one of our winter birds 
of passage, which breeds in the remotest northern, re- 
gions, forming a rude grassy nest among the desolate 
marshes, and laying four dusky coloured eggs, spotted 
with black. 

The genus Falcinellus, Cuv* (composed of ScoLpyg- 
awcEfl, Linn.), has the bill considerably arched, and the hind 
toe wanting. The only known species is an African bird, 
which occasionally makes its appearance in Europe. M. 
Temminck seems to think it should be regarded rather 
as a synonym than a distinct actual species. 

The genus Machetes, Cuv., bears a great resemblance 
to Tringa, except that there is an obvious palmation at 
the base of the toes. It contains only one species, com- 
monly called the ruff ( T, pugnax, Linn.), well known in 
the Lincolnshire fenns and the London markets (see Plate 
XVL, fig. 5). It is a summer bird of passage, arriving in 
the fenny districts of England in the month of April, and 
departing towards the end of September. The ruff, as its 
specific name implies, is a remarkably pugnacious species, 
a disposition which probably arises from its polygamous ha- 
bits, in which it differs from its congeners. Some people 
say there are more males than females. Be this as it may, 
as soon as these birds arrive, each male fixes upon a small 
hillock or dry grassy spot among the marshes, where he 
keeps turning about till he has almost trodden it bare ; but 
the moment a female makes her appearance, a general com- 
bat commences, the male birds lowering their heads, ex- 
panding their neck-feathers, and flying at each other with 
the action of fighting cocks. These battles are obstinate 
and long continued, and whoever proves the victor for the 
time obtains the female. They disperse at night for the 
sake of feeding, but every morning soon after daybreak 
each male returns to his hillock, where the same scenes 
of rivalry and love take place, and continue till their pas- 
sionate fervour is abated, towards the end of June. The 
plumage of the ruff presents an almost infinite variety, 
scarcely two individuals being ever found precisely the 
same. The lengthened feathers of the head and neck 
are produced in spring, and shed towards the close of 
summer ; and during autumn and winter the plumage be- 
comes so different from that of the breeding season, that 
the birds would not be recognised as the same by any one 
previously ignorant of such mutation. Their flesh is high- 


ly esteemed as a delicate and nutritious food. Though Oraiia- 
these birds extend northwards as far as Iceland, and the tores, 
colder parts of Russia, they never visit Scotland, the 
marsh of Prestwick Car, near Newcastle, appearing to 
be their British boundary. They occur, though rarely, 
in North America. Though their natural food is worms 
and water insects, they fatten soon in confinement on 
boiled wheat, or bread and milk mixed with bruised hemp- 
seed. 

The genus Heteropoda of Nuttall has the bill straight, 
rather enlarged and punctate at the extremity, the tarsus 
of moderate length, the three anterior toes connected at 
the base by a membrane. Example, Tringa semipalmata, 

Wilson. In the genus Hemipai.ma, Bonaparte, the bill 
is much larger than the head, partly arched, dilated, and 
studded at the tip with minute tubercles. The tarsus is 
very long, and the toes are usually connected by a mem- 
brane as far as the first articulation. The species are call- 
ed stilt sandpipers, of which H, kimantopus was discover- 
ed by C. L. Bonaparte and Mr Cooper. Both these genera 
are American. 

In the singular genus Eurinorhynchus, Wilson, the 
bill is short, thin, depressed, spoon-shaped, the tarsi short, 
slender, reticulated. The only known species is a very 
rare and remarkable bird, E* grismsy native, it is suppos- 
ed, both to Europe and America.^ It was formerly class- 
ed with the spoon-bills (Platalea pygmeay Linn.), though 
scarcely larger than a sparrow. There is a specimen in 
the French Museum, which was accidentally killed near 
Paris. The plumage is gray above, white beneath. 

In the genus PHAtABOPUs of Brisson, the bill, though 
more flattened, resembles that of Tringay but the toes 
are margined by a broadish membrane. In their habits the 
species are more aquatic than most of their congeners ; for 
though they cannot dive, they float buoyantly on the sur- 
face, or even make their way by swimming with almost 
the ease of the regularly web-footed birds. The gray 
phalarope or scallop-toed sandpiper {Phal. tohatusy Flem.) 
is found occasionally in Britain during winter. It breeds 
habitually within the arctic circle, in Hudson’s Bay, 
among the North Georgian Islands, and along the sterile 
shores of Melville Peninsula. According to Mr Bullock, 
it is not uncommon in the marshes of Sunda and Westra, 
the most northerly of tlie Orkney Isles. When seen 
swimming in pools, it is continually dipping its bill into 
the water, as if feeding on some minute aquatic creature. 

The plumage varies greatly with the season, and a variety 
of names have been bestowed in consequence of these mu- 
tations. The red phalarope ( Tringa fvlicariay Linn.) re- 
presents the summer plumage. It was seen by our north- 
ern navigators on the 10th of June, in latitude 68®, swim- 
ming at its ease though several miles from land, but sur- 
rounded by mountains of ice. 

In the genus Strepsilas, Illiger, the legs are rather 
low, the bill short, and the toes without palmation as in 
Tringay but the bill is conical and pointed, with the nasal 
fissure extending only one half its length. The hind toe 
nearly touches the ground. The only known species, 

Su interpres (of which St TnorineUus is the young) is a 
winter bird of passage on the mainland of Britain, though 
it breeds and remains throughout the year among the 
Shetland Isles. The turnstone, as it is vernacularly called, 
is one of the most' generally distributed of birds, being 
found at some season or other in almost every region of 
the globe. The English name is derived from its habit of 
turning over little stones along the shore in search of food, 
which it is enabled to do by its bill being proportionally 
stronger and stiffer than that of its congeners. 


^ Aaad, Suec. 1816, pL vi. 
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Gralla- In the genus Totanus, Cuv., tlie bill is slender, round, 
tor es, pointed, firm, the upper mandible slightly arched, with the 
nasal groove not extending above half its length. The 
form is light and active, the legs rather long, the toes 
webbed at the base, more especially between the outer 
and middle toe. In birds of this genus, as Mr Selby has 
observed, the comparatively hard and sharp-pointed bill 
indicates a corresponding change in habits and economy; 
so that instead of seeking their food by probing in the 
sand or softer mud, they search for it along the pebbly 
banks of lakes and rivers, or the ocean^s gravelly shore. 
Some reside habitually in inland districts, while others 
prefer the sea-coast, or migrate thither during the autum- 
nal season. The British species are the dusky sandpiper, 
T. fuscusy Leisler ; the redshank, T. calidriSy Bechst. ; the 
green sandpiper, T, ochropusy Temm. ; the wood sandpiper, 
T. glareolay Temm. ; the common sandpiper, T. hypoleucosy 
Temm. ; and the greenshank, T> gloUiSy Bechst. Besides 
which, the spotted sandpiper, T. macularia (a very com- 
mon species in North America), &c. are of occasional oc- 
currence. Kegarding the last-named species, Mr Bartram 
informed Alexander Wilson, that he saw one of these birds 
defend her young for a considerable time from the repeat- 
ed attacks of a ground squirrel. The scene of action was 
on the river shore. The parent had thrown herselfi with 
her two young behind her, between them and the land ; 
and at every attempt of the squirrel to seize them by a 
circuitous sweep, she raised both her wings in an almost 
perpendicular position, assuming the most alarming aspect 
possible, and rushing forwards on the squirrel, which for a 
time drew back intimidated ; but soon returning, was met 
as before by the affectionate but infuriated bird, her wings 
and whole plumage bristling up to twice their natural size. 
This interesting, but, for one of the parties, fearful play, 
continued for about ten minutes, when the strength of the 
bird began to flag, and the attacks of the quadruped be- 
came more audacious, on which Mr Bartram interfered, 
like one of those celestial agents,*' says Wilson, “ who in 
Homer’s time so often decided the palm of victory” I TLhe 
green-shank ( glottis)^ though usually regarded as mere- 
ly a passenger in spring and autumn, is now known to breed 
in Scotland. It inhabits the northern parts of both conti- 
nents, but is rarer in the new world than the old. Mr Au- 
dubon traced it as far south as the Tortugas, near the ex- 
tremity of East Florida, and Latham received it from Ja- 
maica. It also occurs in Bengal. Our common red-shank 
( T, calidris) is found occasionally in North America. A 
large species well known in the western world by the name 
of wilkty and characterized by all the anterior toes being 
conspicuously webbed at the base, forms M. Bonaparte s 
genus Catoptrophorus. This bird not only wades, but 
swims. It is the semi-palmated snipe {Scot semi-palma- 
ias) of the older systems. 

The genus Lobipes of Cuvier combines the bill of the 
preceding genus ( Totamis^ with the lobated toes of JPha- 
laropus. We may mention as an example the red-necked 
phalarope,— Jiyperhoreay Linn. {Lob* hyperboreay 
Cuv.), a species not uncommon among our northern islands, 
where it swims with great ease, — ^resembling when in the 
water a beautiful miniature representation of a duck. It like- 
wise breeds all along the forlorn shores of arctic America, 
resorting to Hudson's Bay in autumn. Another species 
(L, Wilsonii) seems confined to the new world, where it 
breeds on the banks of the Saskatchewan, and occurs at 
least as far south as Mexico. It does not advance to so 
high a northern latitude as the hyperborean species, being 
as yet unknown beyond the fifty-fifth parallel. It forms 
an artless nest within the shelter of some grassy tuft, lay- 
ing two or three pear-shaped eggs, of a tint between yel- 
lowish gray and cream colour, interspersed with small 
roundish spots, and a few larger blotches of umber-broWn 
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towards the obtuser end. It can only be regarded as a Gralla- 
straggler in the United States. This bird forms the sub- 
genus Holopodius of Bonaparte, the basal web between 
the inner and middle toe being less than in the preceding 
species. The synonyms of both are still somewhat con- 
fused. 

The genus Himantopus, Brisson, has the bill round, 
slender, pointed, the nasal furrow extending only half its 
length. But the principal and most peculiar character 
consists in the enormous length of the leg and tarsus, from 
which the species have derived the title of stilts, or long- 
legged plovers. The toes are united by a basal web, larger 
on the outer than the inner portion of the foot. These birds 
have a greater predilection for the borders of the sea, and 
for brackish lakes, than for the banks of rivers or pure 
fresh-w’^ater lakes. Their movements are rapid on the 
wing, but their gait is somewhat staggering, from the dis- 
proportionate length of their legs. The kind which occurs 
in Europe {Him. melanopterusy Meyer), called the black- 
winged stilt, has been known to breed in France, and ac- 
cidentally visits England, but its chief resorts are the great 
salt marshes of Hungary and Kussia. It is often seen in 
Italy in little flocks in spring, travelling northwards. It 
likewise occurs in Asia, Africa, and America ; but the spe- 
cies of the new world, described by Wilson, is the Him. 
gricollis of Vieillot. We shall here quote his account of its 
manners and mode of nidification, as the history of the Eu- 
ropean stilt, in these particulars, is scarcely known. “ This 
species arrives on the sea-coast of New Jersey about the 
25th of April, in small detached flocks of twenty or thirty 
together. These sometimes again subdivide into lesser 
parties ; but it rarely happens that a pair is found soli- 
tary, as during the breeding season they usually associate 
in small companies. On their first arrival, and indeed dur- 
ing the whole of their residence, they inhabit those parti- 
cular parts of the salt marshes pretty high up towards the 
land, that are broken into numerous shallow pools, but are 
not usually overflowed by the tides during the summer. 

These pools or ponds are generally so shallow that with 
their long legs the avocets can easily wade them in every 
direction ; and as they abound in minute shell-fish, and 
multitudes of aquatic insects and their larvae, besides the 
eggs and spawn of others deposited in the soft mud below, 
these birds find here an abundant supply of food, and are 
almost continually seen wading about in such places, often 
up to the breast in water. 

“ In the vicinity of these bald places, as they are called, 
fifty yards off, among the thick tufts of grass, one of these 
small associations, consisting perhaps of six or eight pair, 
takes up its residence during the breeding season. About 
the first week in May they begin to construct their nests, 
which are at first slightly formed of a small quantity of old 
grass, scarcely sufficient to keep the eggs from the wet 
marsh. As they lay and sit, however, either dreading the 
rise of the tides, or from some other purpose, the nest is 
increased in height with dry twigs of a shrub very com- 
mon in the marshes, roots of the salt grass, sea-weed, and 
various other substances, the whole weighing between two 
and three pounds. This habit of adding materials to the 
nest after the female begins sitting, is common to almost 
all other birds that breed in the marshes. The eggs are 
four in number, of a dark yellowish clay colour, thickly 
marked with large blotches of black. These nests are 
often placed within fifteen or twenty yards of each other ; 
but the greatest harmony seems to prevail among the pro- 
prietors. While the females are sitting, the males are 
either wading through the ponds or roaming over the ad- 
joining marshes ; but should a person make his appear- 
ance, the whole collect together in the air, flying with 
their long legs extended behind them, keeping up a con- 
tinual yelping note of clieky dicky click. Their flight is 
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Gralla- steady, and not in short, sudden jerks, like that of the 
teres, plover. As they frequently alight on the bare marsh, they 
drop their wings, stand with their legs half bent, and 
trembling, as if unable to sustain the burden of their bo- 
dies. In this ridiculous posture they will sometimes stand 
for several minutes, uttering a curring sound, while, from 
the corresponding quiverings of their wings and long legs, 
they seem to balance themselves with great difficulty. 

This singular manoeuvre Is, no doubt, intended to induce 
a belief that they may be easily caught, and so turn the 
attention of the person from the pursuit of their nests and 
young to themselves- The red-necked avocet practises the 
very same deception, in the same ludicrous manner, and 
both alight indiscriminately on the ground or in the water. 
Both will occasionally swim for a few feet, when they 
chance in wading to lose their depth, as I have had seve- 
ral times an opportunity of observing 
The singular birds called avocets form the genus Rb- 
CURVIROSTRA, Linn. Their feet are almost as fully pal- 
mated as those of certain Natatores, yet they are gene- 
rally classed among the Grallatores, by reason of their 
lengthened tarsi, and legs bare above the knee. The bill 
also has the same lengthened, slender, pointed form, and 
smooth elastic structure, which characterize our present 
order, with which the birds in question agree in their ge- 
neral mode of life. The character which distinguishes 
them from all other birds is the extraordinary upward cur- 
vature of the bill (See Plate XVI., figure 6.) The avocets 
live either in p^irs or small companies in the paiclst of 
marshes, where they wade about with great ease, and to a 
considerable depth, in consequence of their bodies being 
raised so high above the surface. Though welo-footed, 
they do not swim except by compulsion ; yet one which 
Wilson wounded attempted repeatedly to dive, but the 
water was too shallow for his purpose. They run rapidly, 
and their flight is powerful and long sustained. Their 
nests are described as small cavities in the earth, lined 
with a few weeds, or merely the bosom of the bare sand ; 
sometimes, however, they are raised several inches above 
the surface, as if to avoid the effects of moisture or inun- 
dation, The European species (ij. avocetta^ Linn.) is not 
uncommon along the eastern coasts of England south of 
the Humber. It breeds in the fenny, parts of Lincolnshire 
and Norfolk, as well as in Romney Marsh in Kent. They 
assemble during winter in small flocks, frequenting the 
oozy shores about the mouths of rivers, where they scoop 
out small worms and mollusca. Buffon indulges in one of 
his characteristic vagaries while discussing the singular 
bill of this bird, which he supposes to be “ one of those 
errors or essays of nature, which, if carried a little further, 
would destroy itself ; for if the curvature of the bill were 
a degree increased, the bird could not procure any sort of 
food, and the organ destined for the support of life would 
infallibly occasion its destruction." This essay of nature 
is, however, as it happens, a most successful one ; for by 
means of its lengthened legs and upt;urned, bill, the avo- 
cet feeds with facility in muddy marshes, where if other- 
wise organized it would probably starve. If a. devoted 
servant of God, while tonsorially engaged on some beau- 
tiful Sabbath morning, were to move the edge of his glit- 
tering blade an inch nearer his carotid artery, he would 
die, leaving behind him, in all probability, a disconsolate 
widow, and a large family of small children ; but as he 
takes especial care to move his useful weapon in another 
direction, the artery remains intact, and the crime of sui- 
cide unaccomplished. We doubt not that the curvature 
of the bilLin question could not have been better project- 
ed even by Buffon himself, although he was addicted in 
his youth to -mathematics. The American avocet (22. 


Americana^ Linn., Plate XVI., figure 6) has the head and Gralla- 
neck pale rufous, and the bill takes a downward curve to- 
wards the extremity. Though abundant on the banks of 
the Saskatchewan, as far as the fifty-third parallel, it does 
not seem to proceed into the more northern regions. Be- 
sides these species, there are the 22. alba of Latham (22, 
orientalise Cuv.), from India ; and the 22. ruhricollise Temm., 
a native of New Holland. Our indigenous species also oc- 
curs both in Asia and Africa. 


FAMILY V.~MACRODACTYLES. 

The prevailing character of this group consists in the 
extremely long narrow form of the toes, which are with- 
out any connecting web. Nevertheless the species run 
with great ease in moist places, and some of them swim 
very swiftly. The bill, more or less compressed laterally, 
varies in length in different genera, but is^ never so deli- 
cately slender as among the preceding family. The body 
in these birds is much compressed, a form determined in 
a great measure by the narrow nature of the sternum. 
The wings are of medium length, or short ; and the power 
of flight, though necessarily efficient in such as are birds of 
passage, is on the whole restricted, or but sparingly exer- 
cised. The posterior toe is of considerable length. 

The first genus, called Parka by Linnaeus, contains 
the jacanas, by some named spur- winged water-hens. The 
bill is rather longer than the head, nearly straight, laterally 
compressed, and somewhat enlarged both above and below 
towards the extremity. There is usually a small fleshy shield 
upon the base of the forehead. The toes are of great length, 
very narrow, un webbed, and the claws, especially the hin- 
der one, very long and sharp (See Plate XVI., fig. 7.) The 
anterior angle of the wing is armed with a spur. The jaca- 
nas occur in the warmer countries of the world — in Ben- 
gal, Java, the Celebes, China, South America, and parts of 
Africa. They inhabit marshy places, and run with great 
facility over the surface of aquatic plants, their long, ex- 
tended toes spreading over so much space as to prevent 
their sinking in the water. They feed on insects, build 
their nests among the moist herbage, and lay four or five 
greenish eggs spotted with brown. Their flight, though 
low, is rapid. They are shy and silent birds, except at 
night, when their voices are often heard among the marshes. 
The Chinese jacana of Latham {Parra sinensis, Gmelin) 
is found both along the marine shores and the moist plains 
of the interior. This species, as Mr Gould observes, is 
distinguished not more by grace and beauty of form, than 
by its admirable adaptation to the particular localities to 
which nature has allotted it. Formed for traversing the 
wide morass, or lotus-covered surface of water, it supports 
itself upon the floating weeds and leaves by its extraordi- 
nary extent of toes and unusual lightness of body. Like 
our common water-hen, of whose habits and manners it 
partakes largely, it is no doubt capable of swimming, al- 
though the long and pendent tail-feathers seem an incon- 
venient appendage for such a purpose. Its powers of flight 
appear deficient, the quill-feathers being terminated by a 
slender process proceeding from the tip of each shaft. 
This singular bird has been long known as a native of the 
lowlands of India and other eastern countries, but was 
not till lately ascertained to occur in the Himalaya, where 
it inhabits lakes and swamps among the hills.* Another 
eastern species (P. gallinacea, Temm. PL Col. 464) is 
provided with a crest, but wants the spurs upon the wings. 

In the genus Palamede a, Linn., the bill is rather short, 
conical, compressed, convex, and curved at the extremity. 
There is a bare space around the eyes, the wings are am- 


^ Amerkm Ornithology, vol. iii. p. 76. 


* Century qf Birds from the Himalaya Mountains. 
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Gralla- pie, furnished with strong spurs^ The tarsi are short and 
thick, the toes and claws long. iSome systematic writers 
include in this genus only a single species, P. cornuia^ 
Linn., called kamichi or the horned screamer, a South 
American bird, larger than a goose, with a slender move- 
able horny projection' on the forehead. Though this bird 
affects inundated places, its toes are without palmation. 
In its general aspect, and several of its special habits, it 
exhibits an approach to the gallinaceous order ; and al- 
thpugh its stomach is but slightly muscular, it lives much 
on grain and herbage.^ It is also easily reduced to the 
domestic state; and although it lays only two eggs, the 
young speedily follow the parents. 

Jt.is by, no means easy to conjecture^' the natural uses 
of these formidable weapons on the wings of this and se- 
veral other species. One would suppose them intended 
tQ wage war among their kind, — yet the birds so endowed 
are for the most part peaceable, and averse to broil and 
battle, — even in most instances of a timid and fearful na- 
ture ; and in the case of several of the plover tribe, there 
is no appreciable difference in the habits of the armed and 
unarmed kinds. All who have studied the manners of the 
kamichis agree that they are the gentle inhabitants of 
moist savannahs, or the shores of those extensive rivers 
which intersect the southern portion of America, and that 
there is nothing pugnacious in their temper. Yet they 
are “ doubly armed,” the margin of each wing bearing a 
pair of very large spurs, thick at the base, but tapering 
sharply to a point, and, no doubt, when driven forcibly for- 
ward by the muscular action of a powerful wing, capable 
of inflicting such a blow as would at once deprive most 
small animals of life. 

Another bird, by some referred to our present genus, 
is Pal, chavaria^ Temm. {PL CoL 219), the Parra cTiava-^ 
Ha of Linn^ known in some English works as the fatthfiil 
jacana. Instead of a hbrn^ its head is ornamented by a 
feathered crest, and there is an obvious palmation between 
the ouier and middle toes, v For these and other reasons 
it forms the genus Chauna of Illiger. Its head and upper 
neck are clothed with down, the latter being surrounded 
by a black collar. The rest of the plumage is lead colour 
and blackish, with a white spot upon the front of the wings, 
and another on the base of the primaries. Linnaeus, on 
the authority of Jacquin, gives the following history of this 
bird ; — “ It inhabits the rivers, lakes, and marshes, hear the 
river Sinu, about thirty leagues from Carthagena, in South 
America, It feeds on vegetables ; its gait is solemn and 
slow, but it flies easily and swiftly ; it cannot run unless 
assisted by the wings at the same time. When any part 
of the skin is touched by the hand, a crackling is felt, 
though it is very downy beneath the feathers ; and this 
down adheres so closely ns to enable the bird at times to 
swim, notwithstanding the length of its legs and of its 
cleft feet ; which latter enable it also to walk on the aqua- 
tic plants of the pools. It has two strong and pointed 
spqrs on the bend of the wing, which are, however, hid- 
den' when the* latter is closed, but when expanded they 
become formidable weapons, aided by the strong and 
lengthened wing ; and by means of them it is able to drive 
off birds as big as the carrion vulture, and even that bird 
itself. The natives, who keep poultry iri great, nii'mbe'rs, 
have one of these tame, which goes along' wjth the flock 
about the neighbourhood to' feed during the day, when 
this faithful shepherd defends them against biwis of prey : 
it never deserts the charge committed to its care, although 
able to fly, but returns home . with them safe in the even- 
ing. It is so tame as tq Suffer itself to be handled by a 
grown person, but wilt noippm it* children to attempt the 
same. Its voice is clear and loud, but far from agreeable.”^ 


Baron Cuvier here places the genus Megapodius, Quoy Gralla- 
et Gaim., of which the bill is slender, straight, flattened, tores, 
and enlarged at the base, restricted at the centre, and in- 
flated towards the point. The tail is small and wedge- 
shaped. The general form is massive^ the plumage usual- 
ly brown, without lustre. The species inhabit New Gui- 
nea, the Marianne Islands, &c. and are described in the 
voyages of Freycinet and Duperrey. They are remark- 
able for the largeness of their eggs. Some authors plade 
them with the genera Crax and Penelope^ rather than in 
the grallatorial order. 

The extensive genus Rallus, Linn., is in one or other 
of its forms known in almost every country of the world. 

With Bechstein, we would restrict the title to such as have 
the bill longer than the head, rather slender, compressed 
at the base, with the tip cylindrical, and slightly curved. 

As a British example may be mentioned our common 
water-rail {R, aquaiicits)^ a shy and solitary bird, which 
resides throughout the year in Britain. It is extensively 
spread over Europe, but does not occur in America. The 
land-rails form the genus Crex, Bechstein, and have the 
bill shorter than the head, thick at the base, somewhat 
cultrate, and compressed. The wings are armed with a 
small concealed spine. Besides the well-known corn-crake 
{C.pratenm\ a summer bird of passage, of which the de- 
ceptive note is heard so often during evening twilight, we 
have the spotted crake, C. porzana^ Baillon’s crake, C, 

Baillonii (Olivaceous gallinule of Mont.?), and the little 
crake, C. pusilla. The Carolina rail seems a Crex in* the 
form of its bill, though its aquatic habits assimilate it to 
JRallus. It assembles during autumn in vast numbers on 
the reedy shores of the larger rivers in the middle and 
southern states of North America, and affords abundant 
occupation to sportsmen. Any active^ and expert marks- 
man may kill ten or twelve dozen in a few hours. It wih- 
ter^ to the south of the Uciqh. The diet of the different 
species probably varies with time and' place. . The Anie- 
rican bird just named is vety fbnd of rice. Our own spe- 
cies feed both on grain andinsects. Sir W. Jardine found 
a short-tailed field-mouse in the stomach of a land-rail. 

This bird is called king of the'quuilS in sbme continental 
countries, in consequence of its arriving and departing 
with these birds. 

The old genus Fulica, Linn., has, like the preceding, 
been also subdivided, in accordance with the fotm of the 
bill and lobation of the tdes. For example, the genus 
Gallinula of Briss. and Lath, has the bill resemoling 
that of Crexy .but there is ’a flat fleshy shield upon the fore- 
head. The foes are long, and' bordered by an extremely 
narrow lateral margin. We here place our British galli- 
mile, familiarly known by the name of water-hen, G, chlo* 
ropu$, Lath. This bird, though with us a permanent re- 
sidenter," is migratory in all the more northern parts of 
Europe. It occurs both in Asia and Africa, bat not in 
America, as some erroneously suppose. It swims and 
dives wfell, though its 'feet might, a priori, be deemed biit 
little ‘fit for sufch aquatic service. The water-hen is of 
rather 'familiar habits, that is, a pair are sure to» make 
their Jippearance as soon as aiiy small artificial piece of 
water" has beefl formed, even in the closest proximity to 
horhari dwelling^, it builds by the "TTater- side, aod lays la 
great number of eggs, from eight to ten, which it is said 
to coVOr Carefully during its occasional absence in search 
of food. The purple and Florida gallinules ( G, Martinica 
and galeatd) occur in North America; and a Javanese spe- 
cies (G. ardjosiaca) is described by M. Yieillot. 

In the genus .PoRPOTRlo of Brisson, the bill is higher 
in relation to its length than in the preceding. The 
toes are extremely long, with scarcely a perceptible bor- 


‘ .B^on, Mim, tur Cayeme^ t. ii. p. 284. 


* Shaw’s General Zoology, voL xii. p. 272* 
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Gralla- der ; and the frontal disk, soil)etinQes rounded, sometimes 
tores, square above, is of considerable size. The species are 
remarkable for richness of colouring. P. hyaeinMny^^ 
Temm. (Fulica porphyrio, Linn.), is an African species, 
not unfrequent in Sicily and Sardinia. 

The genus Fulica, as now restricted, is chiefly distin- 
guished from its congeners by a scallop-shaped or broadly- 
festooned membrane on each side of the toes. It con- 
tains the coots, of which P. atra^ Linn., our common coot, 
affords a good example. This bird, as generally distri- 
buted in Britain throughout the summer season as the 
water-hen, leaves the northern portions of the island on 
the approach of winter. It dislikes being approached in 
open water, though a good diver, and quickly betakes it- 
self to some protecting cover of reeds or other water-plants 
on every slight alarm. The cinereous coot of the western 
world (P. Americana^ Gmel.) is a distinct species, though 
not so regarded by Alexander Wilson. It is widely spread 
over a vast extent of territory, from the steaming marshes 
of Jamaica to the cool and grassy lakes which skirt the 
plains of the Saskatchewan. 

Baron Cuvier terminates his systematic exposition of 
the grallatorial order by three genera of a somewhat ano- 
malous nature, which certainly do not amalgamate either 
with their neighbours or each other. 

The genus Chionis of Forster has the bill short, strong, 
compressed, the nostrils tubular, and protected by hard, 
elevated, and compressed folds, which envelope the base. 
(Plate XVI., fig. 8.) The front of the head and part of the 
face are naked, the wings long, the feet short. There is 
only a single species known. It is called the sheath-bill, 
CL Forsterii or necrophaga^ or vaginalis^ and is of snowy 
whiteness, and of the size of a pigeon. A great diversity 
of opinion exists regarding its position ; some writers re- 
moving it into the ensuing order, while Mr Swainson places 
it among the Columbidae. It inhabits New Zealand, Ker- 
guelen^s Land, Staten Land, and other countries of the 
southern hemisphere, where it is said to frequent the sea- 
shore in flocks, feeding on mollusca and carrion, which lat- 
ter renders its flesh offensive to the taste. It was dis- 
covered during Cook’s circumnavigation. 

The genus Glareola, Gmel., contains the pratincoles, 
or sea-partridges as they are sometimes called. The bill 
is short, compressed, somewhat arched throughout, and 
rather deeply cleft. The wings are of great length, and 
very sharp pointed, somewhat resembling those of swal- 
lows. The legs are of medium length, and there is a 
slight palmation between the outer and middle toes. The 
tail is usually forked. These birds fly in numerous noisy 
flocks, and feed on insects, “ particulierement des mouches 
et autres insectes ail^s qui vivent parmi les joncs et les 
roseaux; il se lance’* (M. Temminck alludes particularly 
to the European species) sur ces insectes avec une rapi- 
dity etonnante, et les saisit au vol ou a la course.”^ The 
pratincoles inhabit the temperate and warmer regions of 
the old world, and are unknown in America. The col- 
lared or Austrian species (G. torquata^ Meyer) is com- 
mon in the south-eastern countries of Europe, and has 
been killed occasionally in Britain.^ G. lactea^ Temm., 
inhabits Bengal G. grallaria of the same author is na- 
tive to New Holland. 

Lastly, the genus Phcenicopterus, Linn., contains 


those extraordinary birds called flamingoes. The bill is Falmi- 
higher than wide, dentated, conical towards the point, the ^ jed ea. 
upper mandible suddenly bent from its centre downwards 
upon the under one, which is the broadest. The neck and 
legs are of extraordinary length, and the anterior toes are 
united by a broad palmation. Mr Swainson regards this 
genus as the grallatorial type of the AnatidcB, and he con- 
sequently places it in the natatorial order, which we are 
just about to enter. The only species known in Europe is 
Ph. TuleTi Linn., a bird well known in Sicily and Calabria, 
and very abundant in Sardinia, especially among the la- 
gunes and marshes in the neighbourhood of Cagliari. 

Large flocks occur almost every year along the southern 
coasts of France, and a few sometimes stray as far north- 
wards as the banks of the Rhine. It is common in many 
countries of Africa and Asia ; but the American species, 
regarded as synonymous by Wilson, is a distinct kind, men- 
tioned long ago as such by Molina. (See Plate XVL, figure 
9.) It is the PA. Americams of Mr Nuttall, and the bird 
alluded to by Thomas Campbell in his Gertrude of Wyo- 
ming ; — 

Then, where of Indian hills the daylight takes 

His leave, how might you the flamingo see 

Disporting like a meteor on the lakes. 

Another western kind occurs in South America (PA. 
ignipalliatuSy Isid. Geoff.), ^ while a fourth (PA. mhior) 
is native to the Cape and Senegal.® These birds in ge- 
neral inhabit solitary sea-coasts in most of the warmer 
regions of the earth, where they associate in flocks, and 
migrate in bodies formed into an angular phalanx, like 
wild geese. They feed upon mollusca, insects, and spawn, 
which they fish up by means of their lengthened necks, 
sometimes turning their bill upside down, to take advan- 
tage of its peculiar, and apparently inconvenient form. 

They are said to be extremely shy and watchful (although 
Dampier and his two companions succeeded in killing 
fourteen at once®), and place sentinels, winch on the ap- 
proach of threatened danger, give alarm by a loud and 
trumpet-like cry. They also breed together in inundated 
marshes, raising their nests to a considerable height, by 
collecting the mud into a pyramidal hillock with their 
toes, after which they brood and hatch their eggs in what 
may be called a standing posture, their feet and legs be- 
ing often in the water. The young are only two or three 
in number, and run almost as soon as excluded from the 
shell. They sleep standing upon one leg, with the neck 
folded back upon the body, and the head reclined beneath 
the wing. They run swiftly, but never swim from choice.^ 

The tongue of the European flamingo was much admired 
by ancient epicures ; and Apicius, that “ deepest abyss 
of wastefulness,” as Pliny calls him, is supposed to have 
been the first to discover its exquisite flavour. 


Order VI.~PALMIPEDES, or WEB-FOOTED 
BIRDS.® 

The birds of this order are especially characterized by their 
peculiar adaptation for swimming, their feet being gene- 
rally short and placed far behind, their tarsi short and com- 
pressed, and their anterior toes connected by membranes. 


* Manuel^ ii. p. 602. 

* Bullock, in Lim. Trant. xi. 177- 

* See PlancJiet Col 399 ; — also Leach in Lim, Tram* yilL pi. 12* 
^ Anml det Sckncet Nat, xvii. <64. 


» Temminck, PL Col 419. 

^ Nuttall^s Manual^ ii. 70. 
8 Natatorxs, llliger* 
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or Inlayed by lateral lobes. Their plumage is close, often 
glossy, and imbued with an oily fluid, which repels the 
water; and their skin is moreover covered with a dense 
layer of down, which prevents the rapid escape of the heat 
generated in their bodies. They are the only birds whose 
neck exceeds their legs in length, the reason of which ar- 
rangement is, that while swimming on the surface of the 
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is rapid, and their motions on the water extremely quick. 
They dive and pursue their way under water with extreme 
agility, and when apprehensive of danger generally disap- ' 
pear under the surface, instead of flying off. Their food 
consists of small fishes, Crustacea, mollusca, and insects, 
as well as seeds of aquatic plants ; and they nestle in marshy 
places, laying several eggs, generally of a white colour. 


Their sternum is elongated so as to cover the greater part 
of the viscera, and has only a lateral notch, or oval fora- 
men, so that a large surface is afforded for the insertion of 
the pectoral muscles. Their oesophagus is always wide, 
their gizzard generally muscular, and their intestine fur- 
nished with two rather long caeca. Their windpipe varies 
in form, but the inferior larynx is simple, although in one 
family it has a curious bony and cartilaginous dilatation. 

This order has been divided into four families ; 

1. The BrachyptercB^ or short- winged sea-birds, having 
the wings very short, and the feet placed so far behind 
that they are obliged to assume a nearly erect posture when 
on shore. 

2. The Longipmn(Sy or long-winged sea birds, having 
the wings extremely long, the hind toe free or wanting, 
and the bill horny. 

3. The ToiipalmcRi of which the hind toe is connected 
with the rest by a common web, the wings long, and the 
bill horny. 

4. The Lamellirostres^ whose bill, which is thick and co- 
vered with a soft skin, has the edges furnished with trans- 
verse horny plates or teeth.^ 


FAMILY I.-..BEACHYPTER.E, OE DIVERS. 

The organization of these birds renders them more aqua- 
tic than those of any other family. Many of them reside 
almost entirely on the waters, fly little, and walk with diffi- 
culty, their feet being placed very far behind. Their wings 
are generally extremely short, and their flight, although 
sometimes rapid, is neither undulated nor buoyant. In 
some species they are reduced to mere organs of natation, 
the quills not being developed. All the species are furnished 
with a dense and short plumage, swim and dive with re- 
markable agility, and pursue their prey under the surface, 
employing their wings as well as their feet to aid their 
progress. They are generally distributed, migrate exten- 


sively, and breed in society, often on rocky islands or abrupt their bill rather long, straight, and tapering to a point 
£■ — :i-. — i — oi-iri /;;[ose ; their wings of moderate 


cliffs. This family may be divided into three tribes. 

The divers, — Colymhidm^^x^ characterized by their 
straight, compressed, pointed, smooth bill, linear and lateral 
nostrils, narrow wings, and short tail. In some the feet 
are lobed, in others webbed. 

The grebes, genus Podiceps (Plate XVII., fig. 1), re- 
semble the coots in the form of their feet, their anterior 
toes, instead of being connected by webs, being merely 
dilated by means of lateral lobes. Their body is generally 
short and depressed ; their neck long and slender ; their 
bill straight, compressed, tapering, and pointed ; their nos- 
trils linear and pervious. The legs (tibiae) are entirely 
concealed in the abdomen ; the tarsi are extremely com- 
pressed and the claw of the middle toe is flattened and 
dilated. The plumage is remarkably soft, silky, and often, 
especially on the lower part, has a shining gloss. Their 
wings are very narrow, and their tail is generally reduced 
to a slight tuft of scarcely distinguishable feathers. These 
birds when on shore are obliged to stand in a nearly erect 
posture ; but although they walk with difficulty, their flight 


their plumage short and close ; 
length, but very narrow. These birds are peculiarly aqua- 
tic, and while in search of food remain often longer sub- 
merged than on the surface, to which they seem occasion- 
ally to come merely for the purpose of respiring. They 
feed on fishes of various kinds, but generally of small size, 
as well as on Crustacea. Like the grebes, they dive when 
alarmed, and are not easily raised from the water, although 
their flight, which is direct, is very rapid. On land they 
stand erect, and walk with difficulty. They are generally 
solitary, breed on the margins of lakes in the arctic re- 
gions, and lay two or three very elongated, dark-coloured, 
and spotted eggs. Their flesh is dark-coloured and unsa- 
voury. Of this genus the more remarkable species are the 
following. 

The great northern diver, Colymhus glacialis^ is about 
two feet and three quarters long, with the upper parts 
black, spotted with white ; the head and neck glossy black, 
with green reflections, the lower parts white ; the tail has 
twenty feathers. This species is generally distributed in 
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water they have often to search for their food at some depth. Their plumage varies so much, according to age and sex,* 

4.^ 4.1, 4. 4. species have been erroneously multiplied by au- 

thors, Four species inhabit Europe, of which two may be 
particularly mentioned. 

The great crested grebe, Podiceps cristatus, is of the size 
of a mallard, blackish brown on the upper parts, with a 
white band on the wing, and of a silvery white beneath. 
The adults have a double black crest, and a large reddish 
ruff or tippet margined with black, on the upper part of the 
neck. This species inhabits the northern part of both con- 
tinents, where it breeds, and whence it migrates southward 
on the approach of winter. The nest is made of rushes 
and flags, or other aquatic herbage ; and the eggs, three 
or four in number, are of a greenish white. Several au- 
thors allege that the female sometimes succours her young, 
when fatigued or in danger, by carrying them on her back 
or beneath her wings. From their surprising agility in 
diving they are not inappropriately named water-witches 
and dippers in America. The skins are dressed and made 
into muffs and tippets. 

The little grebe, or* dobchick, Podiceps minor^ is the 
smallest of the species, not exceeding ten inches in length. 
It is not uncommon in most parts of Europe, as well as in 
the north of Asia, and the country around Hudson’s Bay. 
In large rivers and lakes individuals are said to be some- 
times devoured by pike and other fishes. In the adult the 
upper parts are deep black, the lower silvery gray, the 
throat black, and the neck ferruginous. 

The finfoots, Poboa, Illig., have the feet lobed like the 
coots and grebes ; but their tail is more developed, and 
their claws more pointed. (Plate XVIL, fig. 2.) To this 
genus have been referred the African finfoot, P. Se^egalen- 
sis, and the Surinam species, P. Surinamensis, which latter, ■ 
however, is by some considered as belonging to Anhinga* 
The divers properly so-called, genus Colymbus, greatly 
resemble the grebes in form, but differ from them in hav - 1 
ing the toes regularly webbed, and the tail moderately de- 
veloped. Their body is elongated, and somewhat depressed ; 
theirneck long, their head small, oblong, and compressed ; 


^ For some interesting general observations on certain genera of this order, the reader may consult ‘‘ Remarks on the Pelagic Birds, 
and on certain other Palmipedes, considered especially as regards their habits and their geographical distribution in the Oceans of, the 
Globe,” published in Freycinet’s Voyage autour du Monde^^Faitie Zoologique, par MM. Quoy and Gaimard. 
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Palmi- the^cold and temperate climates of the northern hemi- 
sphere. It breeds in the arctic regions, generally on the 
margin of lakes, or on islands, laying three eggs of a 
dull olive tint spotted with dusky, “ Far out at sea m 
winter,’’ says Nuttall, and in the great western lakes, 
particularly Huron and Michigan, in summer, I have 
often heard, on a fine calm morning, the sad and wolfish 
call of the solitary loon, which like a dismal echo seems 
slowly to invade the ear, and rising as it proceeds, dies 
away in the air. This boding sound to mariners, suppos- 
ed to be indicative of a storm, may be heard sometimes 
for two or three miles, when the bird itself is invisible, or 
reduced almost to a speck in the distance. The abori- 
gines, nearly as superstitious as sailors, dislike to hear 
the cry of the loon, considering the bird, from its shy and 
extraordinary habits, as a sort of supernatural being. By 
the Norwegians its long-drawn howl is, with more appear- 
ance of reason, supposed to portend rain.” The flesh of 
this bird is dark and unpalatable ; but its skin, with the 
feathers on, is used by various barbarous tribes as an arti- 
cle of clothing. 

Two other species, of inferior size, the red-throated di- 
ver, <7. septentrionalis, and the black-throated, C. arctiem^ 
inhabit the same regions, and are nearly similar in ha- 
bits. Both these birds breed in some of the northern parts 
of Scotland. 

The guillemots, genus Ueia, have the bill of moderate 
length, robust, straight, compr^jssed, and pointed; the 
nostrils nearly basal, lateral, linear, and partially covered 
by short feathers. The head is rather large and oblong, 
the neck short. The legs are placed far back, and their 
feet differ from those of the divers in wanting the hind 
toe. Their wings are short, narrow, and pointed ; but 
they fly with considerable speed, and their tail is very 
short and rounded. These birds migrate in small flocks, 
and collect in vast assemblages to breed on the abrupt 
precipices and rocky islands of the northern seas, whence 
they again retire towards the end of autumn. They form 
no nest, but deposit their single egg, which is pyrifoto 
and of great size, on the bare rock. 

The common guillemot, Uria troiU, is somewhat less 
than the mallard, and has the bill longer than the head ; 
its upper parts are blacky jthe lower white, as are the tips 
of the secondary quills ; in summer the head is brown, and 
the adult has a black stripe behind the eye. This spe- 
cies is very abundant along the northern coasts of Eu- 
rope and Amj^rica, and nowhere more so than in the Bri- 
tish seas. 

y Another species, about the same size, but distinguishable 
by having the bill shorter and much more robust, is the 
thick-billed guillemot, Uria Brunnicliii, which also occurs 
in the northern seas of both continents, but does not ex- 
tend so far south as the former. 

The Greenland dove, or little guillemot of authors, has 
been considered by some as constituting a distinct genus, 
to which Cuvier has given the name of Cbphus. It is 
about the size of a large pigeon, and is entirely black, ex- 
cepting a large white space on the middle of the wing, and 
the feet, which are red. This species, unlike those men- 
tioned above, breeds under stones or in the crevices of 
rocks, where it lays two or three light-coloured eggs, 
spotted with dusky. It is frequent in the northern seas, 
and breeds on the Scottish coasts in great numbers. 

2d, The auks,— which form the next group, are 
very closely allied to the guillemots, from which they are 
easily distinguished by their extremely compressed and 
vertically elevated bill, which is usually transversely fur- 
rowed. ^ The toes are entirely webbed, but the hind toe 
IS wanting, as in the guillemots, which they further re- 
semble in their habits and distribution. This tribe may 
be divided into several subordinate genera. 


The puffins, genus Fratercula, have the bill shorter Palmi- 
than the head, and as high at the base as it is long, a cir-^ pedes, 
cumstance which gives these birds an extraordinary ap- 
pearance, and has given rise to the appellations of coulter- 
nebs and parrot-bills, vulgarly applied to them. At the 
base of the bill there is generally an elevated fold of bare 
skin ; and the nostrils, which are close to the margin, are 
mere slits. The puffins fly with rapidity, in a direct line, 
at the height of only a few feet over the waves ; swim and 
dive with extreme dexterity ; and nestle in the crevices 
of rocks, or more generally in holes formed by themselves 
in the turf. 

The species best known and most extensively distribut- 
ed is the common puffin, Fraiercula arctica, which is of 
the size of a pigeon or jackdaw, with the upper parts dusky, 
the lower white, a broad black band round the neck, the 
bill red, with three grooves across each mandible. It is 
abundant on the northern coasts of Europe and America, 
where it breeds in burrows formed by itself in the soil of 
unfrequented islands and headlands, making no proper 
nest, and laying a single whitish and pyriform egg. 

Another species, having a still more singular appear- 
ance, on account of two tufts of silky feathers on its head, 
inhabits the shores of Kamtschatka, the Kurile Isles, and 
others lying between Asia and America. The skins are 
employed by the natives as an article of clothing. 

Some species having the bill less elevated, somewhat 
quadrangular, and notched near the tip, have been distin- 
guished M. Tcmminck under the generic name of Pha- 
LERis. Of these may be mentioned the PA. psittacula^ 
and PA. cristatdla^ both inhabitants of the north-western 
coast of America, Kamtschatka, and the Kurile Isles. 

The auks properly so called, or restricted genus Alca, 
have the bill more elongated, and in shape somewhat re- 
sembling the blade of a common pocket-knife, its base being 
feathered as far as the nostrils. As an example of the er- 
rors into which persons little conversant with living birds 
may fall, may be adduced the following statement of Cu- 
vier with regard to the auks : “ Their wings are decidedly 
too small to sustain them, and they do not fly at all.” So 
far is this from being the case with our common species, 
that it flies with as much celerity as the guillemot and 
puffin, and in its ordinary flight outstrips the gulls and 
terns, although these birds fly with greater buoyancy. 

The statement, however, is correct as ^applying to tlie 
great auk, which might perhaps with propriety be referred 
to a separate genus. 

The species so common on our coasts, as well as on 
those of Europe and North America, is the razor-billed 
auk, Aha torda^ which is about the size of the commori 
guillemot, and similarly coloured, being black above and 
white beneath, with a white band on the wing, and a line 
or two of the same colour on the bill. 

The great auk, Aka impenniSi is the largest bird of this 
family, equalling a goose in size. Its colour is similar to 
that of the common species ; but its bill, which is marked 
with eight or ten grooves, is entirely black, and it has an 
oval white spot between the bill and the eye. Its wings 
are reduced to a kind of paddles, and are similar to those 
of the penguins, so that it does not possess the faculty of 
flying. It inhabits the highest latitudes of the globe, but 
is extremely rare, so that specimens are of very unfre- 
quent occurrence in collections, and the only one in this 
country is that of 'the British Museum. A few instances 
have occurred of its being seen on the northern coasts of 
Scotland, In the northern seas this remarkable bird 
seems to represent the species of the next group, whidi 
belong to the other extremity of the globe. 

3d. The penguins, — Aptmodidm^ are entirely destitute 
of the faculty of flying, their wings being converted into 
smaU, oblong, flattened paddles or fins, covered with mi- 
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Palmi- nute scale-like feathers* Their body is elliptical and de- 
pedes. pressed, their neck of moderate length, their head oblong, 
their bill of moderate length, generally slender and point- 
ed, the upper mandible covered with feathers for a third 
of its length, or as far as the nostrils, whence a groove ex- 
tends to the tip. Their legs are very short, and placed so 
far behind that they cannot support themselves on land, 
even in a vertical position, without resting on their tarsi, 
which are flattened behind, somewhat like the foot of a 
quadruped. Their life is chiefly spent on the ocean, and 
as they possess the faculties of swimming and diving in 
the highest degree of perfection, they are the most truly 
aquatic of all birds, and the analogues of the swallows, 
which are the most aerial. If any bird approaches nearly 
in structure and habits to a quadruped, the penguins 
may claim kindred with the seals, which they greatly re- 
semble in their mode of life, going on shore merely to 
breed, and dragging themselves over the rocks in a similar 
manner. 

The penguins peculiarly so named, genus Aptenodytes, 
as restricted, have the bill rather long, slender, and point- 
ed, the upper mandible slightly arched towards the end, 
and covered with feathers at the base ; the nostrils linear, 
with the nasal groove extending to the tip. 

The Patagonian or great penguin, Aptenodytes Pata- 
gonica (Plate XVII., fig. 4), is nearly of the size of the 
great auk, of a dark-grayish blue above, white beneath, 
the head black, and a yellow curved band on the fore 
neck. It occurs in great flocks on the coasts of the Falk- 
land Isles, New Guinea, New George, the Straits of Ma- 
gellan, and other antarctic lands ; feeds on fish, Crusta- 
cea, and mollusca ; and is employed by the natives as an 
article of food, although its flesh is dark-coloured and i*ank. 

The gorfous, genus Chrysocoma, have the bill short, 
strong, and somewhat conical, with the point a little arch- 
ed. (Plate X VIL, fig. 3 A) The groove from the nostril 
ends about a third from the tip. In other respects they 
do not differ materially from the penguins. 

The leaping gorfou, Chrysocoma saltator, is a handsome 
bird, of the size of a domestic duck, with the head and 
upper parts grayish black, the lower white, and the head 
ornamented with a large crest, of which the central part 
is erect and dusky, the lateral portions deflected, and of 
a yellow colour. It is common in the Falkland Islands 
and other parts of the southern seas ; and, like the Pata- 
gonian penguin and other birds of this group, is said to be 
so stupid as to allow itself to be assailed without attempt- 
ing to escape. It is extremely expert at diving ; and like se- 
veral birds of different families, such as the cormorants and 
darters, is often observed, while about to plunge beneath 
the surface, to leap several feet out of the water, — ^whence 
our sailors have named it the hopping penguin, or jump- 
ing Jack. The word gorfou is a corruption of goir-fugel, 
or gare-fowl, applied in Ferroe and the north of Scotland 
to the great auk, Alca impennis. 

Several other species of this genus are known, and in- 
habit the same seas, such as the Papuan gorfou, Chr. Pa- 
pua; the collared, C/ir. torquata; the red-footed, C%r, 
catarractes; and the little gorfou, Chr, minor. 

The sphenisques, genus Spheniscus, form a group cha- 
racterized by their straight, compressed bill, which is irre- 
gularly grooved at the base, and has the tip of the upper 
mandible curved, while that of the lower is obliquely trun- 
cate, as in the cormorant. (Plate XVIL, figure 3 of.) 

The Cape sphenisque, Spheniscus demersuSy is about 
twenty inches long, black above, white beneath, with the 
throat and cheeks black, a white line over each eye, and 
a black band across the fore part of the neck, and extend- 
ing along each side of the body. It occurs in the vicinity 
of the Cape of Good Hope, where it nestles in the rocks. 

Another species, Spheniscus Magellankusy^ upwards of 


two feet long, with the upper parts, a band on the breast, Palmi- 
and a collar on the middle of the neck, black, inhabits 
Terra del Fuego, the Straits of Magellan, and other parts 
of the- antarctic regions, where they -are very numerous. 

This species, like the gorfou, and probably all the birds of 
this tribe, has a habit of leaping -several feet out of the 
water, either when about to dive, or when it meets with 
any obstacle on the surface. 


FAMILY IL--LONGIPENNiE. 

To this family belong those wandering sea-birds which, 
having a flight characterized by extreme buoyancy and 
rapidity combined, are met with on all parts of the ocean, 
frequently at the greatest distance from land. Their wings 
are always very long, although often extremely narrow ; 
and their tail is proportionally developed. Their hind toe 
is small and free,- or wanting ; their bill pointed or hooked 
at the tip, but without lamellae ; their inferior larynx has 
only one muscle on each side ; their oesophagus is wide, 
their stomach muscular, their caeca short. They are inca- 
pable of diving and pursuing their prey under the surface, 
but they swim with ease, and sit lightly and gracefully on 
the water. Some of them obtain their food by dipping or 
plunging from on wing, others by picking it up as they 
swim, while several wander to great distances in quest of 
dead animals of all kinds, and are in fact the vultures of 
the sea. 

The petrels, ProceUarics, have their bill hooked at the 
tip, which seems as if formed of a separate piece articu- 
lated to the rest (Plate XVIL, figures 5, 6, and 9); their 
nostrils placed close together, and enclosed by a tube which 
lies on the back of the upper mandible ; and their hind 
toe reduced to a knob with a claw upon it. These birds, 
although many of them are very small, reside on the open 
ocean, where they are met with by voyagers in the most 
tempestuous as in the calmest weather. Their food con- 
sists of small fishes, Crustacea, and especially oily sub- 
stances of all kinds ; and most of them when seized, whe- 
ther on being wounded or on being dragged from their 
holes, disgorge an oleaginous matter, or squirt it through 
their nostrils. They are incapable of diving, and seldom 
swim, but are generally seen flying or gliding over the sur- 
face of the waves, mounting upon their ridges and descend- 
ing into the hollows, often so close as to seem walking on 
the water. Hence the name Petrel, or Little Peter, be- 
stowed upon them, in allusion to St Peter’s progress on the 
waves. In stormy weather they frequently fly in the wake 
of a ship, to shelter themselves from the wind. On account 
of this habit they are held in aversion by sailors, who, ima- 
gining them to be predictive of tempests, and in league 
with the mysterious source of evil, bestow on them the 
opprobrious appellation of Mother Carey's chickens. Their 
flight is rapid and buoyant; they breed in holes and cre- 
vices of the rocky coasts ; and are more numerous in the 
antarctic than in the northern seas. 

Those which have the lower mandible truncate are more 
peculiarly named petrels, genus Phocellaeia. 

Of these the largest is the giant petrel, Proeallana gi- 
gantea, which has a length of about three feet and a half, 
and is of a dusky colour above, whitish beneath, with the 
bill and legs yellow. It is of frequent occurrence in the 
southern seas, is observed to be [most lively in stormy 
weather, and feeds on fishes, and the carcasses of seals, 
birds, and other animals. 

The pintado, or Cape petrel, Procellaria Capensis, is 
about fourteen inches long, variegated with brown and 
white, and occurs in large flocks in the antarctic seas, par- 
ticularly in the vicinity of the Cape of Good Hope. Like 
most of the other species, it flies very low, feeds on fish 
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and the catcasses of cetaceous animals^ and when caught 
squirts out a quantity of oil from the nostrils. ^ 

In the arctic seas a very abundant species is the fulmar 
petrel, Procellaria gladalis, which is nearly of the size of 
the herring gull, and has the upper parts of a light bluish- 
gray, the head and lower parts white. It is^ extremely 
voracious, and although its principal food consists of fish, 
it devours indiscriminately any floating animal substance, 
and follows in flocks the track of a wounded whale, until 
the huge animal is exhausted, when it alights on the car- 
cass, and devours the blubber until satiated. This bird is 
one of those most familiar to the sailors of the whale-ships, 
on which it constantly attends, to pick up any offal that is 
thrown overboard, and come in for its share of the plunder 
when a whale has been captured. It breeds abundantly 
in the island of St Kilda, the inhabitants of which obtain 
a large quantity of oil from the stomachs of the individuals 
which they catch for that purpose. 

Of the smaller dark-coloured species may be mentioned 
the common or storm petrel, P. pelagica^ which is not 
larger than a lark, and in its flight resembles a swallow 
(Plate XVJI., figure 5) ; Leach’s petrel, P. Zeachii; and 
Wilson’s petrel, P. WiUoniL Respecting the latter, we 
may quote the following passage from the description given 
of it by M. Audubon, in his Ornithological Biography, 

“ But now, ever flapping its winglets, I have marked the 
little bird, dusky all over save a single spot, the whiteness 
of which contrasts with the dark hue of the waters, and 
the deep tone of the clear sky. Full of life and joy, it 
moves to and fro, advances towards the ship, then shoots far 
away, gambols over the swelling waves, dives into their 
hollows, and twitters with delight as it perceives an object 
that will alleviate its hunger. Never fatigued, the tiny 
petrels seldom alight, although at times their frail legs 
and feet seem to touch the crest of the foaming wave. I 
love to give every creature all the pleasure I can confer 
upon it, and towards the little things I cast over the stern 
such objects as I know they will most prize. Social crea- 
tures I would that all were as innocent as you ! There 
are no bickerings, no jealousies, among you ; the first that 
comes is first served : it is all the result of chance ; and 
thus you pass your lives. But the clouds gather, the gale 
approaches, and our gallant bark is trimmed. Darkness 
spreads over the heavens, and the deep waters send back a 
blacker gloom, broken at intervals by the glimmer of the 
spray. You meet the blast, and your little wings bear 
you up against it for a while ; but you cannot; encounter 
the full force of the tempest ; and now you have all come 
close beneath me, where you glide over the curling eddies 
caused by the motion of the rudder. You shall have all 
possible attention paid you, and I will crawl to the cam- 
boose, in search of food to support your tiny frames in 
this hour of need. But at length night closes around, 
and I bid you farewell.... The gale is over ; the clear blue 
of the sky looks clearer than ever, the sun’s rays are 
brighter, on the quiet waters the ship seems to settle in 
repose, and her wings, though widely spread, no longer 
swell with the breeze. At a distance around us the dusky 
wanderers are enjoying the bright morning ; the rudder- 
fish, yesterday so lively, has ended its career, so violently 
was it beaten by the waves against the vessel ; and now 
the petrels gather around it, as it floats on the surface. 
Various other matter they find ; here a small crab, there 
the fragments of a sea-plant. Low over the deep they 
range, and now with little steps run on the waters. Few 
are their notes, but great their pleasure, at this moment. 
It is needless for me to feed them now, and therefore I 
will return to my task.” 

Tile puffin-petrels, genus Puffinus, are separated from 
the rest on account of their having the extremity of the 
lower mandible decurved as well as that of the upper, and 


the nostrils opening, not by a common orifice, but by two Palmi- 
distinct apertures. (Plate XVI L, fig, 9.) ^ pedes. 

Of this genus may be mentioned the cinerous puffin- 
petrel, Pnffinus cmereus ; the Manks petrel, Pr. anglorum ; 
and the dusky petrel, Pr, obscura. 

In the genus Haladroma of Illiger, the throat is di- 
latable like that of the cormorants, and the hind toe is 
entirely wanting as in the albatrosses. In the genus Pa- 
CHYPTiLA of tlie same author, the bill is enlarged at the 
base, and its margins are garnished interiorly with fine 
delicately-pointed vertical lamellae. (See plate XVIL, 

fig* fi*) 

The albatrosses, genus Diomedea, are the largest and 
most powerful of all the feathered wanderers of the ocean. 

Their bill, which is large, strong, and sharp-edged, is 
terminated by a strong hook ; their nostrils, which are tu- 
bular, are placed apart ; and their feet are destitute of 
the hind toe. Their plumage is full, soft, and elastic, and 
their wings, although narrow, are exceedingly long. They 
are thus equally organized for swimming and flying, and 
are met with in all parts of the intra-tropical and southern 
oceans, sometimes following a ship in full sail for many 
days, to pick up the refuse thrown overboard. They fl> 
with surprising buoyancy and speed, and are able to bear 
up against the most violent tempests. When fatigued or 
satiated they rest upon the waters. Their food consists 
of the carcasses of all sorts of animals, as well as live fislies, 
Crustacea, mollusca, and other creatures, and their voracity 
is such that sometimes having gorged themselves to ex- 
cess, they arc unable for a time to fly, and may be caught 
or destroyed. Under these circumstances, however, birds 
generally disgorge the contents of their gullet and sto- 
mach, and by thus lightening themselves, are enabled to 
escape. 

Of the different species of this genus, that which is the 
best known, as well as the largest, is the wandering alba- 
tross, Diomedea exulans. It is as large as a swan, being 
four feet in length, and measuring ten feet between the 
tips of its extended wings ; its upper parts dusky, the low- 
er white, the neck and sides transversely streaked with 
brown, the primary quills black, the bill yellowish white, 
the feet flesh-colour. Tins celebrated bird is principally 
met with in the seas adjacent to the Cape of Good Hope, 
and in those that separate the American continent from 
the Asiatic. It is extremely voracious, feeding on fishes, 
mollusca, and the carcasses of whales and other animals 
It is said that when it cannot swallow a large fish at once, 
it introduces part of it, and waits until it is digested be- 
fore swallowing the rest. Its flesh, although hard and dry, 
is eaten by the inhabitants of Kamtschatka, who use its 
bones for tobacco-pipes and needle-cases. 

From the albatrosses to the larger birds of the next ge- 
nus the transition is but slight, both as regards form and 
habits. 

The gulls, genus Larus, Plate XVIL fig. 8, consti- 
tute an extensive group, of which representatives are 
found in all parts of the globe. They are characterized 
by their longish, compressed bill, of whi^ the upper man- 
dible is arched towards the end, while the lower is tliere 
furnished with an angular prominence. The nostrils, 
which are placed near the middle, are linear-oblong and 
pervious. Their body is generally light, the neck of mo- 
derate length, their head ovate and rather large* their legs 
of ordinary lengdi, and their hind toe very small, or some- 
times obsolete. Some of the species are met with in 
the open ocean, but it is chiefly along the coasts, and 
especially near the mouths of rivers, that they are most 
frequently seen, and in stormy weather they often make 
incursions over the land in search of worms, larvae, and 
carrion. Their food consists chiefly of small fishes, 
Crustacea, and mollusca ; but to the larger species hardly 
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Palmi- any animal substance comes amiss. They breed along the 
pedes, shores, on unfrequented islands and headlands, laying in a 
hollow on the ground from two to four eggs, spotted with 
dusky. 

Among the larger species, some are remarkable for the 
dark or blackish hue of their back and wings; but in ge- 
neral the colour of those parts is a light-grayish blue, 
while that of the lower is pure white. One species, the 
ivory gull, Lanes ehurneieSi has the plumage entirely of the 
latter colour when in the adult state. The greater black- 
backed gull, Larus marinusy the smaller black-backed 
gull, Lanes fascusy and the thick-billed gull of New Hol- 
land, Larus melanoleucos, afford examples of the first kind 
above alluded to. The largest known species is the bur- 
gomaster, Larus glauciesy of a light-grayish blue above, 
white beneath, with the tail and tips of the wings also 
white. It inhabits the arctic regions of Europe and Ame- 
rica, seldom making its appearance in the temperate cli- 
mates. One of the most common species on our coasts is 
the herring gull, Larus argentatusy which remains with 
us throughout the year. A gradual transition is observ- 
able from these larger species, which assimilate to the alba- 
trosses, to the smaller, which are intimately connected with 
the terns, 

Some specieshaving very peculiar characters, have been 
separated from the gulls, and formed into a genus apart. 
These are the jagers, genus Lestbis, which have the tip 
of the upper mandible hooked, and the nostrils larger and 
placed nearer the end of the bill than those of the gulls. 
Their tail is generally pointed, their wings long, and their 
flight is extremely rapid. Although they occasionally fish 
for themselves, they obtain their food chiefly by attacking 
various species of gulls and terns, which they teaze to make 
them disgorge their food, which they then swallow. 

Of this genus the more remarkable species are the skua, 
Lestris mtarractesy which is nearly equal in size to the 
great black -backed gull ; the pomarine jager, X. fwmari^ 
nus; and Richardson’s jager, X. BwhardsonUy which is 
common on our coasts in autumn, and breeds in the Shet- 
land Islands and Hebrides. 

The terns, genus Sterna, are generally of small size, 
and remarkable for their slender body, long and narrow 
wings, and forked tail. Their feet are extremely short, 
and their bill longish, compressed, and pointed. They very 
seldom swim, but, when fatigued or satiated with food, re- 
pose on the rocks or sands. Their flight is extremely 
buoyant, and they usually obtain their food by plunging 
after it into the water from on wing. From their form 
and the peculiar mode of flying, they have also obtained 
the name of sea-swallows. 

The most common species on the coasts of Europe are 
the arctic tern, Sterna arctica ; the common tern, St Hi- 
Tundo; and the little tern, St minuta; but several other 
species occur there. 

The noddies, genus Anous, differ from the terns in hav- 
ing the tail even at the end, and nearly equal with the 
wings. Their bill also is more like that of the smaller 
gulls. They are said to be so stupid as to allow themselves 
to be killed without attempting to fly off ; but this only 
happens in places where they have not been accustomed 
to meet with man. 

The species best known is the black noddy, ^ous 
niger (^Stema stoliday Linn.), which is very common in the 
tropic J seas, and is of a sooty-brown, excepting the top of 
the head, which is grayish white. It often settles on the 
rigging of vessels, when the sailors sometimes catch it at 
night while asleep. 

The skimmers, genus Rhynchops, (Plate XVII., fig. 7), 
are very nearly allied to the terns, but are distinguished 
from all other birds by the extraordinary form of their bill, 
of which the upper mandible is considerably shorter than 


the lower, and grooved beneath, so as to receive the edge 
of the latter, which is extremely thin. They procure their 
food in the same manner as the terns, skimming along the 
surface of the water, and dipping their bill into it to seize 
a small fish, as opportunity occurs. 

The only species whose habits are known is the black 
skimmer, Rhynchops nigrUy which is about twenty inches 
long, its bill and feet red, its upper parts black, the lower 
white, its wings considerably longer than the tail. It oc- 
curs along the coasts of America, from New York to Bra- 
zil, breeding on the sandy shores in June, and continuing 
in flocks all the year. 


FAMILY IIL—TOTIPALM-E. 

The birds of which this family is composed are those to 
which the epithet palmipede is more peculiarly applicable ; 
for not only are their anterior toes connected by webs or 
membranes, as in the other tribes, but their hind toe is 
similarly connected with the inner. Their tarsi are gene- 
rally short, their wings and tail long, their neck elongated, 
and their bill rather slender, somewhat conical, but gene- 
rally hooked at the joint. They swim, and for the most 
part dive, with admirable dexterity, generally fly with 
great celerity, feed entirely on fishes and other marine ani- 
mals, and are remarkable among web-footed birds for fre- 
quently perching on trees. 

The pelicans, Pelecaniy comprehend those which have 
at the base of the bill a space destitute of feathers. The 
skin of their throat is extensile, their tongue very small, 
their gullet of great width, their caeca small, their nostrils 
mere slits, sometimes obsolete. 

The pelicans properly so called, genus Pelecanus, Plate 
XVIL, fig. 10, are distinguished from all other birds by 
the singular structure of their bill, of which the upper man- 
dible, however, presents nothing very remarkable, while 
the lower has its rami extremely slender and elastic, with 
a large dilatable membranous bag attached to it. They 
are birds of large size, with wings of moderate length, the 
tail rounded, the feet short, and the claws curved. 

The most remarkable species is the common pelican, 
Pelecanus onocroialus (above referred to), which is as large 
as a swan, and entirely of a white colour tinged with red, 
excepting the alula and primary quills, which are black. 
Its length is nearly six feet, and its extended wings mea- 
sure about ^fifteen. Its upper mandible is flattened, with 
a hook at the point ; and the sac appended to the lower 
mandible extends about nine inches down the neck, and 
may be dilated so as to hold a raan^s head with ease. This 
pelican occurs in the tropical and warmer temperate re- 
gions of the old continent, and is common in the eastern 
countries of Europe. Its principal food is fish, which it 
catches with great dexterity, by plunging after it from on 
wing. In fishing it fills the gular pouch, and does not im- 
mediately devour its prey, but when it has obtained a suf- 
ficiency, returns to the shore, and swallows it at leisure. 
The female forms a large nest of grass in a marshy place, 
and lays two or three white eggs, similar to those of a 
swan. 

The brown pelican, P,fuscusy of a grayish-brown colour, 
and nearly four feet in length, is common in most parts of 
America, and especially in the West Indies. A very large 
species, P. australisy of a white colour, with the upper part 
of the back, the quills, and tail, black, inhabits New Hol- 
land. 

The cormorants, genus Phalacrocorax, resemble the 
pelicans in their general form, but are destitute of the 
large gular sac, having merely a’ bare dilatable mem- 
brane at the base of the lower mandible. They differ far- 
ther in not procuring their prey by plunging after it from 
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Palmi- on wing, their mode of fishing being similar to that of the 
pedes, divers. 

• The common cormorant, Phalacrocorax carbo, is nearly 
as large as a goose, and has a brownish-black colour, with 
a white spot on the thigh, and streaks of the same colour 
on the head and neck. It nestles in the cavities of rocks, 
or on trees, laying three pale-green eggs, crusted with white 
calcareous matter ; and is common in the northern parts of 
both continents. It is stated that this species was formerly 
trained in England for the purpose of catching fish. When 
they come to the rivers,'® says Willughby, “they take off their 
hoods, and having tied a leather thong round the lower part 
of their necks, that they may not swallow down the fish they 
catch, they throw them into the river. They presently 
dive under water, and there for a time, with wonderful 
swiftness, they pursue the fish, and when they have caught 
them, they rise presently to the top of the water, and 
pressing the fish lightly with their bills, they swallow them, 
till each bird hath in this manner swallowed five or six 
fishes ; then their keepers call them to the fist, to which 
they readily fiy, and, little by little, one after another, 
vomit up all their fish, a little bruised with the nip they 
gave them in their bills. When they have done fishing, 
getting the birds on some high place, they loose the string 
from their neck, leaving the passage to the stomach free 
and open ; and for their reward they throw them part of 
the prey they have caught, to each, perchance, one or two 
fishes, which they by the way, as they are falling in the 
air, will catch most dexterously in their mouths." 

A very common species on our coasts is the crested 
cormorant, PhaL cristatus, which is of a dark-greenish 
colour, with a recurved frontal ^tuft, and resembles the 
preceding in its habits, breeding in the rocky caverns of 
islands and headlands. Many other species occur in differ- 
ent parts of the world, the genus being generally distri- 
buted. 

The frigate-birds, genus Tachypetes, differ from the 
cormorants in having the tail forked, the wings extremely 
elongated, the feet very short, with their webs emarginate, 
and the tip of both mandibles decurved. Their flight is 
extremely rapid and buoyant, and they prey upon fishes, 
which they capture by plunging after them from on wing, 
or obtain by forcing the gannets to disgorge. Only one 
species is well known. 

The common frigate-bird, Tachypetes aquilus, is of a 
dusky colour, more or less variegated with white on the 
neck, and sometimes measures ten feet between the tips 
of its extended wings. It inhabits the tropical regions, and 
is found in great abundance on the island of Ascension. 
Its principal food consists of flying-fishes, which it cap- 
tures during their aerial excursions. The following ac- 
count of this remarkable species, generally known to na- 
vigators by the name of the man-of-war, or frigate, is 
given by Mr Audubon. “ This bird is possessed of a 
power of flight, which I conceive superior to that of per- 
haps any other bird. However swiftly the Cayenne tern, 
the smaller gulls, or the jager, move on wing, it seems a 
matter of mere sport to it to overtake any of them. The 
goshawk, the peregrine, and the gyr-falcon, which I con- 
ceive to be the swiftest of our hawks, are obliged to pur- 
sue their victim, should it be a green-winged teal or pas- 
senger-pigeon, at times for half a mile, at the highest 
pitch of their speed, before they can secure them. The 
bird of which I speak comes from on high with the velo- 
city of a meteor, and on nearing the object of its pursuit, 
which its keen eye has spied while fishing at a distance, 
darts on either side to cut off all retreat, and with open 
bill forces it to drop or disgorge the fish which it had just 


caught. See him now ! yonder, over the waves leaps the Palmi- 
brilliant dolphin, as he pursues the flying-fishes, which he P®des. 
expects to seize the moment they drop into the water. 

The frigate-bird, who has marked them, closes his wings, 
dives towards them, and now ascending, holds one of the 
tiny things across its bill. Already fifty yards above the 
sea, he spies a porpoise in full chase, launches towards the 
spot, and in passing seizes the mullet that has escaped 
from its dreaded foe ; but now, having obtained a fish too 
large for his gullet, he rises, munching it all the while, as 
if bound for the skies. Three or four of his own tribe 
have watched him, and observed his success. They shoot 
towards him on broadly extended pinions, rise in wide cir- 
cles, smoothly, yet as swiftly as himself. They are now- 
all at the same height, and each, as it overtakes him, 
lashes him with its wings, and tugs at his prey. See ! 
one has fairly robbed him, but before he can secure the 
contested fish it drops. One of the other birds has caught 
it, but he is pursued by all. From bill to bill, and through 
the air, rapidly falls the fish, until it drops on the waters, 
and sinks into the deep. Whatever disappointment the 
hungry birds feel, they seem to deserve it all."^ 

The boobies, or gannets, genus Sula, have the bill 
straight, conical, a little compressed, and with the point 
somewhat deflected, the edges serrate, or cut into by short 
parallel lines. The throat and the space around the eyes 
are bare ; the claw of the middle toe serrate, the wings 
long and very narrow, and the tail cuneate or tapering. 

They hover over the water when fishing, and plunge head- 
long after their prey, resting a few moments on emerging 
before they resume their flight. 

The common gannet or solan goose, Sula bassana, 
occurs on the coaists of Europe and North America, and 
breeds in vast numbers on remote and rocky islands. The 
Bass Rock at the entrance of the Frith of Forth is a well- 
known haunt of this species, as are Ailsa Craig in the 
Clyde, St Kilda, and Suliskerry. The nest is very bulky, 
and composed of sea-weeds ; the single egg not larger than 
that of a domestic duck, and of a white colour ; the young, 
at first covered with snow-white down, is when fledged 
of a dark-brown colour, spotted with white. Although the 
flesh of this species is rank and oily, it was formerly con- 
sidered a kind of delicacy, and^is still sparingly used in 
the south of Scotland. 

The booby gannet, Sula ca^tdida^ is inferior in size to 
the speciesjust mentioned, which it closely resembles in 
form and habits. It is common on the coasts of the warm- 
er parts of America, particularly in the Bahama Islands 
and the Brazilian seas. Although it sometimes nestles on 
the ground, it generally builds on trees, and reposes there 
at night. It is said to be a very stupid bird, allowing it- 
self to be knocked on the head or seized, without attempt- 
ing to escape, — ^whence the name of booby, commonly 
given to it by the sailors, who frequently employ it as an 
article of food, although its flesh is dark-coloured and dis- 
agreeable. 

The darters, genus Plotus, resemble the cormorants 
in the form of their body and feet, but are more slender, 
and have a very elongated neck, with a small head, and a 
straight, slender, and pointed bill. Like the cormorants, 
they swim deep in the water, but with agility, and in div- 
ing spring fairly out of it to plunge headlong after tlxeir 
prey. They inhabit the warm countries of America. 

The black-bellied darter, Plotus melariogaster^ Plate 
XVIII., figure 1, is upwards of three feet long, of a dusky 
colour, with the neck and back streaked with white. The 
white-bellied darter, P. anhinga^ is about the same size, 
but has the lower parts white. It inhabits Brazil and 
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other parts of America, roosting at night on trees, whence, order. Many of them moult twice in the year, and after 
^ should one approach, they drop into the water as if dead ; the summer change the males assume in part the colours 
and on emerging at a distance, show only their long slen- peculiar to the females, which, on the contrary, exhibit no ' 
der necks and heads, which bear so much resemblance to variation. They generally breed in marshy places, and 
those of serpents, that this species is frequently named the deposit numerous eggs. The young, which ive at first 
snake-bird.^ ^ covered with stiffish down, are capable of walking and 

The tropic birds, genus Phaeton, which form the last swimming immediately after birth, 
group of this section, bear a considerable resemblance to The characters by which the subdivisions of this group 
the gannets, but are readily distinguished by the two are distinguished are derived chiefly from the form of the 
extremely elongated feathers of their tail, on account of bill. In the swan that organ is as broad at its fore part 
which the French give them the not inappropriate name as at the base, where its height is greater than its breadth, 
of paille-en-queue. Their head is entirely feathered ; their and the nostrils are placed about the middle. In the 
bill straightish, tapering, pointed, and denticulated on the geese, the bill is shorter than the head, higher than broad 
edges; their feet are short, and their wings long. The at the base, and narrower towards the end. Lastly, in the 


flight of these birds is rapid and buoyant, and they are 
often seen far out at sea. As they seldom extend their 
range beyond the tropics, their occurrence apprises navi- 
gators of their entrance into the warmer regions. They 
perch and nestle upon trees. 

Two species are distinguished ; — the common, or white- 
tailed tropic bird. Phaeton cethereus ; and the red-tailed 


\y are ducks properly so called, the bill is at least as broad at ita 
their extremity as at the base, where it is broader than high 
navi- the nostrils are placed on the back of the bill near the 
They base. In the swans the neck is extremely long, in the 
geese of moderate length,, and in the ducks generally rather 
irhite- short. 

tailed The swans, genus Cygnus, are the largest birds of the 


species, PL phosnicurus. The former is white, with the family, and are characterized by the elegance of their form, 
ocular region and shoulders black, the primary quills of and the graceful ease with which they glide over the sur- 
the same colour, and the bill red. It inhabits the Atlantic face of the water, although on land their motions are more 
Ocean. The latter is of a pale rose-colour, or reddish constrained. Their body is large, their neck extremely 
white, with the ocular region and wing-coverts deep black, elongated, their head oblong, their wings large, and their 
and the two elongated feathers of the tail red. It occurs feet short and strong. They live chiefly on the seeds and 
in the Indian and African Seas, at Madagascar, the Cape roots of aquatic plants, and nestle among the reeds by the 
of Good Hope, the Isle of France, and many of the South margins of lakes and rivers. They are strictly monoga- 


Sea islands. 


mous, and the young swim and walk immediately after 
exclusion. 


The wild swan, Cygnus ferus, has the bill yellow at the 
FAMILY lY..— LAMELLIKOSTEES. base, and black towards the end, the plumage pure white, 

but in the young of a gray colour. It is readily distin- 
The birds of this family are readily distinguished from guished from the domestic swan by having the base of the 
those of the preceding by the peculiar structure of the bill flattened above, and by the curvature formed by the 
bill, which has its margins furnished with horny lamellas^ or wind-pipe, which enters into a cavity in the crest of the 
dentiform processes, and its surface covered with soft skin, sternum, from which it is reflected anteriorly, and then 
in place of the horny envelope which is spread over that passes into the thorax. This species inhabits the northern 
of the other Palmipedes. The tongue, which is broad and regions of both continents, whence it migrates southward 
fleshy, has its margins also lamellate ; the gizzard is ex- on the approach of winter, remaining in the temperate 
tremely muscular, although not of large capacity, and the countries until the return of spring. The female lays from 
caeca are rather long. Another remarkable distinction is five to seven or eight eggs, of a whitish colour tinged with 
found in the lower larynx, which generally has a very ex- olive, and is said to incubate six weeks. The flesh and 
traordinary dilatation in the males. Their body is usually eggs are highly esteemed, and the skins are prepared with 
somewhat depressed, their wings of moderate length, their the down to be made into garments. ^ The down itself 
feet short, and their neck more or less elongated, some- forms an article of commerce, which is in considerable de- 
times of extreme length. They swim with ease, but walk mand in the colder countries of Europe. The song of the 
in a constrained and vacillating manner ; and are for the swan is familiar to all the lovers of poetry ; but, like many 
most part phytophagous, though many feed on mollusca, equally accredited facts, has no real existence ; for the cry 
Crustacea, and fishes. They occur in all parts of the of this bird, although clear and shrill, is never modulat- 

globe, some being maritime, but the greater number ed into harmony. When heard^ at a distance, however, 

lacustrine or fluviatile, that is, frequenting lakes or rivers, especially from a flock on wing, it is extremely pleasing. 
They are naturally arranged into two groups ; — the one Another fable regarding the vast strength of wing of this 
{AnaiiAci) comprising the swans, geese, and ducks ; the bird was long believed, — a blow from it being alleged 
other (Mergidm) composed of the mergansers. as sufficient to break a man’s thigh. « It is high time. 

The great group of AnaUdce includes all those web- says Montagu, « such absurdities should be erased m this 
footed birds which have their bill large and broad, covered philosophic age, and that the mind of man should reason 
with a thin membrane, and having its edges furnished with before he continues to relate such accounts, only calcu- 
transverse or oblique lamellae, the object of which seems lated to frighten children. Let the bones of the wing of 
to be to allow the water to escape when the bird has the swan be examined, and compared with the thigh of a 
seized its food. Vegetable substances, especially seeds, man, or even of his arm, and it will be evident that it 
roots, and blades'of grasses, form the principal nourish- would be as impossible for a swan to break a man s arm, 
ment of many of the species ; but others feed on fishes, as it would be to break his head with a reed. The bone 
moiiusca, insects, and worms. The piscivorous species of a man^s arm would bear a pressure fifty times as great 
dive in pursuit of their prey, while those which feed on as the bone of a swan s wing ; how, then, is^ the inferior in 
vegetable matter either procure it on shore, or along the size and strength to break the superior, without at least 
margins of the water, or, while floating on the surface, ob- being itself fractured ? It should also be recollected, that 
tain it from some depth by means of their long neck. The a bird is incapable of striking with any degi*ee of force 
flesh of many of these birds is much esteemed, but is not while all its quill-feathem are perfect, the resistance of 
RO readily digestible as that of the waders and gallinaceous the air against such a surface bemg too great to allow oi 
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its txiovine with sufficient velocity to inflict any sensible The white-fronted goose, Anser albifronsy has the bill Palmi- 
° orange, the plumage gray on the upper parts, on pede*. 

^ A species very nearly allied to the above is Bewick’s the lower white, and a patch of the same colour on the'''""‘v-^ 
swan, Cygnus Bewickiiy which was first distinguished as a forehead. . , ^ , , . , , 

species by Mr Yarrell and Mr Richard Wingate of New- The common bernicle, A7iser leucopsis, which has the 
castle. It has the bill black, with its base orange yellow, forehead, cheeks, and throat white, with the crown of the 
the plumage white, and the tail of eighteen feathers, head, the neck, and the breast black, is not unfrequent on 
whereas there are twenty in that of the common wild the western coast of Britain in winter; and the brent goose, 
swan. The curvature of the trachea is also different, and Anser torquatus, characterized by having the head, neck, 
the size of the species is about a third smaller. It inha- and breast black, with a white patch on each side of the 
bits the arctic regions of both continents, migrating south- neck, is also common in many parts, especially along our 
ward in winter. eastern shores. The former of these species was long be- 

The mute or tame swan, Cygnus oloTy has the bill red, its lieved, even by the learned, to be the produce of a species 
edcres, the nail at its tip, and a large knob at the base of the of cirripodous animal, the Lepas anatifera of Linnaeus, the 
upper mandible, black ; the plumage white, the tail oftwen- long feather-like branchiae of which gave rise to this ab- 
ty-four feathers. In this species the trachea has no extra surd fable. 

thoracic curvature. The tame swan is said to be found in Another species of bernicle was observed, on Captain 
its wild state in the eastern countries of Europe and Asia. Parry's second voyage, on Melville Peninsula, and named 
It is generally distributed over Europe in a domesticated by Dr Richardson, in the Fauna Boreali-Americanay in ho- 
state, forming a great ornament to our rivers and artificial nour of Mr Hutchins, from whom Pennant and Latham 
pieces of water. It makes its nest of grass, among reeds, derived most of their information respecting the birds of 
and deposits seven or eight eggs of a greenish-white co- Hudson's Bay. It is about twenty-five inches in length, 
lour, which are hatched in seven or eight weeks. The with a very short black bill ; the head, neck, rump, and 
young are of a gray colour, and were formerly much es- tail pitch-black, and a white kidney-shaped patch upon the 
teemed as an article of food. throat. 

The black swan, Cygnus atratusy of which the general From the bernicles and geese some authors distinguish, 
colour of the plumage is brownish black, with part of the under the generic name of spurwing, Chenalopjsx, the 
wings white, and the bill red, inhabits various parts of New species usually named the Egyptian goose, which has the 
Holland, and is now not uncommon in a domesticated state bill longer than the bernicles, and has the wings armed^ 
in this country. (See Plate XVIIL, figure 5.) with a spur upon the bend. It inhabits various parts of 

Intermediate between the swans and geese are several Africa, especially Egypt and the Cape of Good Hope, 
species, such as the Guinea goose, Anas cygnoides of Lin- whence it has been introduced into this country, 
nseus, and the spur-winged or Gambia goose, Anas Gam-- The next genus, Cereopsis, is formed by a New Hol- 
hensis of the same author, — ^whicb, although less elegant land species, resembling the bernicles in form, but with 
than the swans, are yet nearly allied to them in the form the bill smaller, and having at its base a membrane ex- 
of their bill. tending over the forehead. Tlie palmation of the feet is 

The geese, genus Anser, are distinguished, as has been not so full as usual.^ (Plate XVIIL, figure 2.) 
already said, by the form of their bill, which is short, and The ducks, properly so called, have the legs much shorter 

narrowed towards the point. Their feet are also pro- than the geese, and placed farther back, the neck shorter, 
portionally longer than those of the ducks, so that they and the body more depressed. Their trachea also has a 
have a greater facility in walking. They swim less, how- large dilatation at its bifurcation. 

ever, and are incapable of diving. They live in flocks, iSome of them, having the hind toe margined with a 
feed on gramineous plants and seeds, migrate in large bo- membrane or lobe, the tarsi more compressed, the head 
dies, which during their flight are usually disposed in di- larger, and the wings shorter, feed on fishes and other 
vergent lines, and breed in marshy places, laying nume- aquatic animals, and are less expert at walking, but dive 
rous eggs. Those species which have the bill more slcn- with greater agility. These species have been variously 
der and somewhat cylindrical, are separated by some au- grouped by authors into numerous genera, of which the 
thors to form the genus Bernicla. Three species of following are among the more remarkable, 
geese properly so called, and two of bernicles, are not The scoters, genus Oidemxa, have the bill short and 
uncommon during winter in this and other countries of broad, with an elevated tumour or knob at the base, but 
Europe. towards the tip much depressed and flattened, the nail ob- 

That to which the origin of the domestic goose is attri- tuse and roundish ; the lamellae widely set, and scarcely 
butecl, the gray lag, or common wild goose, Anser ferus, is projecting ; the nostrils oval and sub-medial, the tail short 
nearly three feet long, with the bill large and of an orange and graduated. 

colour, the feet flesh-coloured, and the plumage light gray To this genus belong the velvet scoter, Oidemiafusca; 
and clove brown ; the rump and lower parts white. It was the black scoter, 0* nigra; and the surf scoter, O.perspu 
formerly very abundant in this country, where it resided cillata ; which occur along the coasts of the northern tern- 
all the year, but is now met with only in small flocks in perate regions in winter, feeding on fishes, and especially 
the winter season, although a few individuals have recent- mussels and other testaceous mollusca. Like that of the 
ly been found^ to breed in the north of Scotland — ^for ex- other sea-ducks, their flesh is held in little estimation, bc- 
ample, in the islets of the lochs of Sutherland. ing dark-coloured and tough, with a fishy flavour. 

The bean goose, Anser segetum, is a little smaller, with The garrots, genus Clangula, have the bill shorte 
the bill more elongated, and of an orange colour, with its than the head, elevated at the base, narrowed towards the 
base and the nail black; the upper part ash-gray tinged end; the lamell* numerous, but not projecting ; thenos- 
with brown, the rump dark brown, the abdomen and lower trils roundish, and medial; the tail of moderate length, and 
tail-coverts white. This species* is much more plentiful graduated. 

with us than the last, appearing in large flocks in Novem- The golden-eye, Chngula chrysopMhalma, which is 
her, and retiring northward in April and May. white, with the head, the back, and the tail black, a small 


^ Omiihological Dictionary » 

* For the history of the only known speaes, Cer. Nootc HdUanc^, see Zoologiccd Gardem, voL ii. p. 316 . 


ORNITHOLOGY. 


Palmi- spot before the eye, and two bands on the wing, white, 
pedes. ^ breeds in the arctic regions of both continents, and appears 
on the estuaries and lakes of the more temperate countries 
in winter. The female is of a gray colour, with the head 
brown. 

To this genus belongs the harlequin-duck, Clanguh his» 
trionica (Plate XVIII., Gg, 3, which is distinguished by 
having a large patch of white on the lore, a spot on the ear, 
a longitudinal band on the sides of the neck, a transverse 
band on the neck, and another on each side of the breast, 
white ; with the speculum or wing-spot blue, and the legs 
dusky. It derives its name from the singularity of its mark- 
ings, and inhabits the northern parts of both continents. 

The pochards, genus Fuligula, have the bill as long as 
the bead, broad and much depressed anteriorly, and a little 
dilated towards the tip ; the upper lamellae not projecting 
beyond the margin ; the nostrils oblong, sub-basal ; the 
wings and tail short, the latter rounded. This section con- 
tains a great number of species, most of which are mari- 
time and piscivorous, although the flesh of many is consi- 
dered palatable, and that of one, the canvass-backed duck, 
has been celebrated by the epicures of the western world. 

The red-headed pochard, Fuligula ferina, of which the 
head and neck are bright chesnut, the breast black, the 
sides and scapulars marked with undulated lines of black 
and grayish white, is not uncommon on the coasts of Europe 
during the winter, and is not unfrequently seen in our 
markets. 

Another common species is the scaup-pochard, Fuligula 
fnarila, which has the head and neck black glossed with 
green, the back and scapulars whitish with undulating black 
lines, and the alar speculum white. 

The canvass-backed pochard just alluded to, Fuligula 
mlisneria (Plate XVIII., figure 4), resembles the red- 
headed species, and is characterizea by having the fore- 
head and cheeks dull brown; the head and upper part of 
the . neck fulvous, the lower part with a black belt ; the 
back, scapulars, and belly white, marked with narrow 
black lines. These birds arrive in the United States from 
the arctic regions about the middle of October, and fre- 
quent the large rivers and lakes, where they feed chiefly 
on the roots of a grass-like plant, the Valisnefiria spiralis. 
Although extremely shy, vast numbers of them are killed 
on account of the delicacy of their flesh. Towards even- 
ing they collect into large flocks, so extensive as some- 
times to cover several acres, and, when rising simultaneously 
on wing, to produce a noise like thunder. 

The eiders^ genus Somateria, have the bill more elon- 
gated than that of the garrots, tumid and elevated at the 
base, and extending over the forehead in the form of two 
narrow processes ; the lamellae large and distant; the nos- 
trils small, oval, and medial; the wings and tail short. 
The males are distinguished by their greater size and su- 
perior beauty. Only two species of this genus are known, 
both inhabiting the northern and temperate regions of Eu- 
rope and America. 

Tlie common or St Cuthberfs eider, Somateria molli^- 
sima, is characterized by having the bill furnished at its 
base with lateral prolongations, in the form of two narrow 
flat lamellae. The male has the lower parts black, the up- 
per parts and the neck white, the top of the head violet- 
black, and the cheeks pale green. The female has the 
whole plumage reddish brown, with transverse black bars. 
This species is, extremely abundant in Iceland, Lapland, 
Greenland, Spitzbergen, and the countries bordering on 
Hudson's and Baffin's Bays ; but it is also common in all 
the northern parts of Europe and America. The female 
Jays five or six pale greenish-gray eggs, and lines her nest, 
which is composed of sea-weeds and other maritime plants, 
with the fine and elastic gray down, which she plucks from 
tier breast for that purpose. This down is carefully collected 
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in northern countries, — each nest being generally robbed Palmi- 
twice in the season. One female is stated to yield half a 
pound of down, which, however, is reduced to one half by 
being cleaned. It is extremely soft and warm, and so elas- 
tic that two handfuls are sufficient to fill a quilt five feet 
square. In 1750, the Iceland Company at Copenhagen 
sold so much of this article as produced 3747 rix-dollars, 
in addition to what was sent directly to Gluckstadt. Be- 
sides supplying this valuable down, the eiders afford an es- 
teemed article of food to the Greenlanders, who moreover 
convert their skins into warm and comfortable under gar- 
ments. Although the species occurs in Britain, it is no- 
where so plentiful as to afford enough of down to render it 
available as an article of commerce. 

The king-eider, Somateria spectabilis^ which has the la- 
teral prolongations at the base of the bill in the form of 
two elevated, compressed tubercles, is very similar to the 
other species, and inhabits the same countries, breeding 
in the same manner, and lining its nest with down of equal 
quality, plucked from its own plumage. The skins are 
formed into winter garments by the inhabitants of Siberia 
and Kamtschatka ; but as this species is not so numerous 
as the other, its down is not of equal importance in a com- 
mercial point of view. 

Other groups of ducks have the hind toe not bordered 
by any membrane, the head smaller, the feet narrower, 
the neck longer, the bill less tapering, and the body more 
slender. They feed chiefly on vegetable substances, al- 
though they also devour fishes, insects, worms, and mol- 
lusca. In this section, likewise, various generic divisions 
have been made. 

The shoveUerSi genus Rhynchaspis, have the bill longer 
than the head, with the upper mandible semi-cylindrical, 
and enlarged at the end, and the lamella so long and slen- 
der as to resemble filaments. 

common shoveller, JRhynchaspis clypeata^ inhabits 
various parts of the north of Europe and America, and is 
sometimes met with in England. It is about twenty inches 
in length, with the head and neck glossy-green, the back 
brown, the breast and abdomen brownish red, and the small- 
er wing-coverts pale blue. 

Another species, the fasciated shoveller, Rhynchaspis 
fasciatay of a rusty-brown colour, transversely striped with 
white beneath, and having the tip of the bill membranace- 
ous, is a native of New South Wales. 

The shielducks, genus Tadorna, have the bill tumid 
and elevated at tlie base, where there is a small tubercle, 
but much flattened towards the point ; the lamellae short 
and distant ; the nostrils oval and medial. 

The common shieldrake, Tadorna Belbnii^ which is one 
of the most beautiful species of this family, is not very un- 
common in some parts of Britain, and occurs also on the 
coasts of the northern and western countries of Europe. It 
is characterized by having the head and upper part of the 
neck greenish black ; the back, wing-coverts, and flanks 
white ; the scapulars black, and a broad band on the breast 
ferruginous. The female nestles in a rabbit-burrow, or 
other hole in the sandy pastures on the sea-shore, gene- 
rally forming her nest of down plucked from her breast, 
and laying from eight to twelve white eggs. Instances 
have occurred of its breeding with the common duck; and 
Montagu states that it bears confinement well, appearing 
to enjoy perfect health, provided access to a pond is al- 
lowed it. 

The mushducksy genus Cairina, have the bill also 
furnished with an elevated tubercle at the base ; the edges 
of the mandibles sinuated ; the face and lores covered with 
a bare tuberculated skin ; and the wings furnished with a 
knob or spur at the bend. 

The common musk-duck, Cairina moscMta, which Is 
now generally distributed over Europe in a domesticated 
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Palmi- state, is a native of ttie warmer parts of America. In its 
pedes. uatursil state it has the plumage entirely of a black colour, 
glossed with green and blue, excepting the wing-coverts, 
which are white. 

The pintails, genus Dafila, have the bill destitute of 
tubercle at the base, narrow, somewhat cylindrical, with 
its edges dentato-laminate ; the nostrils are basal, and the 
tail elongated, and tapering to a point. 

The common pintail, Dafila acuta, has the head umber- 
brown, with a longitudinal white line on each side of the 
occiput and hind neck ; the back and flanks undulated with 
black and grayish white ; the lower parts white ; and the 
two central tail-feathers black. It breeds in the arctic re- 
gions of Europe, Asia, and America ; retires southward in 
winter 5 is very shy and vigilant ; and is much esteemed as 
ad article of food. 

The ducks, strictly so tailed, genUs Anas, are distin- 
guished by having the bill simple at the base, as long as 
the head, depressed, broad, and obtuse ; the nostrils oval 
and small ; the tail moderate, even, or rounded, often with 
the middle feathers and their coverts recurved. 

Of this genus, the most common species in Europe is 
that which is supposed to be the original of the domestic 
duck, and which with us is named the wild duck or mal- 
lard, Anas hoschas. The male is a very beautiful bird, 
having the head and upper part of the neck deep green, 
the latter with a white ring ; the four middle tail-feathers 
recurved 5 the upper parts marked with fine undulated 
grayish-brown and white lines, the breast deep chesnut, 
the lower parts grayish white, undulated with grayish- 
brown lines; the alar spot green, edged above and be- 
low with white. It inhabits all the northern countries of 
the globe, and is common in Britain, where it breeds, 
forming its nest Of withered plants in marshy places, and 
laying from ten to fifteen bluish 'white eggs. Instances 
have occurred of its occupying the deserted nest of a crow. 
Its flesh is justly held in great estimation, and vast num- 
bers are shot and caught in decoys. ' The following ac- 
count of the method employed in capturing wild ducks in 
the fens of Lincolnshire is given by Bewick. 

“ In the lakes where they resort, the most favourite 
haunts of the fowl are observed ; then in the most seques- 
tered part of this haunt they cut a ditch about four yards 
across at the entrance, and about fifty or sixty yards in 
length, decreasing gradually in width from the entrance 
to the farther end, which is not more than two feet wide. 
It is of a semicircular form, but not bending much for the 
first ten yards. The banks of the lake, for about ten 
yards on each side of this ditch (or pipe, as it is called), 
are kept clear from reeds, coarse herbage, &c. in order 
that the fowl may get on them to sit and dress themselves. 
Across this ditch, poles on each side, dose to the edge of 
the ditch, are driven into the ground, and the tops bent td 
each other, and tied fast. These poles at the entrance 
form an arch, from the top of which to the water is about 
ten feet. This arch is made to decrease in height as the 
ditch decreases in width, till the farther end is not more 
than eighteen indies in height. The poles are placed 
nbout six feet from each other, and connected together by 
poles laid lengthwnse across the arch, and tied together. 
Over them a net with meshes sufficiently small to prevent 
the fowl getting through is thrown across, and made fast to 
a reed fence at the entrance, and nine or ten yards up the 
ditch, and afterwards strongly pegged to the ground. At 
the fatthfer end of the pipe a tuhnel-net, as it is called, is 
tifced, about four yards in length, of a round form, and 
k^t open by a number of hoops about eighteen inches in 
diameter, placed at a small distance from each other to 


keep it distended. Supposing the circular bend of the PalmL 
pipe to be to the right, when you stand with your back to pedes, 
the lake, on the left-hand side, a number of reed-fences 
are constructed, called shootings, for the purpose of screen- 
ing from sight the decoy-man, and in such a manner that 
the fowl in the decoy may not be alarmed when he is driv- 
ing those in the pipe: these shootings are about four 
yards in length, and about six feet high, and are ten in 
number. From the end of the last shooting a person can- 
not see the lake, owing to the bend in the pipes: there is 
then no farther occasion for shelter. Were it not for 
these shootings, the fowl that remain about the mouth of 
the pipe would be alarmed, if the person driving the fowl 
already under the net should be elxposed, and would be- 
come so shy as to forsake the place entirely. The first thing 
the decoy-man does when he approaches the pipe, is to take 
a piece of lighted turf or peat, and hold it near his mouth, 
to prevent the fowl smelling him. He is attended by a dog 
taught for the purpose of assisting him ; he walks very si- 
lently about half-way up the shootings, where a small piece 
of wood is thrust through the reed fence, which makes an 
aperture just sufficient to see if any fowl are in ; if not, he 
walks forward to see if any are about the mouth of the pipe. 

If there are, he stops and makes a motion to his dog, and 
gives him a piece of cheese or something to eat; upon 
receiving it, he goes directly to a hole in the reed-fence, 
and the fowl immediately fly off the bank into the water ; 
the dog returns along the bank betw'een the reed-fences 
and the pipe, and comes out to his master at another hole. 

The man now gives him another reward, and he repeats 
his round again, till the fowl are attracted by the motion 
of the dog, and follow him into the mouth of the pipe. 

This operation is called working them. The man now re- 
treats farther back, working the dog at different holes till 
the fowl are directly under the net ; he now commands 
his dog to lie down still behind the fence, and goes for- 
ward to the end of the pipe next the lake, where he takes 
off his hat) and gives it a wave between the shooting; all 
the fowl under the net can see him, but none that are in 
the lake can. The fowl that are in sight fly forward, and 
the man runs forward to the next shooting and waves his 
hat, and so on, driving them along till they come to the 
tunnel-net, where they creep in: when they are all in 
he gives the net a twist, so as to prevent their getting 
back ; he then takes the net off from the end of the pipe 
with what fowl he may have caught, and takes them out 
one at a time, and dislocates their necks, and hangs the net 
on again, and all is ready for working again. In this man- 
ner five or six dozen have been taken at one drift. When 
the wind blows directly in or out of the pipes, the fowl 
seldom work well, especially when it blows in. If many 
pipes are made in the lake, they are so constructed as to 
suit different winds.”^ The better to entice die fowl into 
the pipe, hempseed is strewed occasionally in the water. 

The season allowed by act of parliament for catching 
these birds in this way is from the latter end of October 
till February. 

The Chinese duck, Anas gcdericulata, with a pendent 
crest, and the inner wing-feathers enlarged and raised in 
a vertical direction, is an extremely beautiful species, a 
native of China and Japan. 

The summer duck, Anas sponsa, which also has a pen- 
dent crest, is not less beautiful. (Plate XVIIL, figure 8 .) 

It inhabits Mexico arid other parts of North America, 
migrating northward in summer, rarely visiting the sea- 
shore or salt marshes, but frequenting the muddy creeks, 
ponds, and mill-dams of the interior. 

The tree duck, Anas arborea, of a gray colour, the ab- 
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llliger's domen spotted with black and white, and the head 
Sjst ein> slightly crested, inhabits the warmer parts of America, 
""^^^^^and is remarkable for building in the holes of decayed 
trees. 

The gadwall or gray, Anas strepera, the Dominican 
duck, A. Domzmcanaf the Spanish duck, A> viduLata^ and 
many other species, belong to this genus, — which might 
include the teals, although these are separated by several 
authors. 

The wigeons, genus Mareca, may be distinguished 
from the ducks, as they have the bill shorter than the 
head, higher than broad at the base, depressed and nar- 
rowed towards the end ; the lamellae slightly projecting ; 
the tail short and acute. They are, however, very inti- 
mately allied to the pintails. 

Of this genus one of the best examples is the common 
wigeon, Mareca Penelope^ which has the forehead yellow- 
ish white, the rest of the head and the neck chesnut-red, 
the back and flanks undulated with black and white. The 
male of this species has been known to pair with the fe- 
male pintail, and produce a hybrid brood. It also pairs 
with the common duck. Wigeons are abundant in winter 
in many parts of Britain, and are very much esteemed for 
the table. 

The teals, genus Ouerquedula, are distinguished 
from the other groups by their diminutive size. Their 
bill is narrower than that of the wigeons, proportionally 
longer, and has its base more elevated. The species are 
generally very beautiful. 

The garganey teal, Querquedula cireia^ of a gray colour, 
variegated with black, and having a white streak above 
the eyes, with a green spot on the wing, inhabits the more 
temperate parts of Europe, and is abundant in Holland 
during its winter migration. 

The common teal, Querqmdula cr&xa, which has the 
head brownish re^ the body transversely undulated with 
dusky, a white line above and another beneath the eye, 
and the alar spot black and green, is plentiful in many 
parts of Europe and North America; while the blue- 
winged ttsal, Q. discorSf characterized by the light blue 
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colour of the wing-coverts, is peculiar to the latter conti- UHger's 
nent, as is likewise the American teal, Q. Carolinensis. 

The second principal group named Mergidce^ consist- 
ing^ of the genus Mergus of Linnaeus, includes the re- 
maining birds of the great family of Lamellirostres, which 
are usually designated by the vernacular name of mer^ 
gamers. They differ from the ducks in having their bill 
slender, almost cylindrical, and furnished on the margins 
with dentiform points directed backwards, and resembling 
the teeth of a saw. (Plate XVIII., figure 6.) Their sum- 
mer residence is in the colder regions of both continents, 
whence they migrate southward on the approach of win- 
ter. Their body is elongated and depressed, their feet 
short and placed far behind, their wings rather long and 
narrow, their neck of moderate length. They fly with ra- 
pidity, swim and dive with the greatest facility, and gene- 
rally feed on fishes. In their habits they are interme- 
diate between the ducks and divers ; but in their organi- 
zation and plumage they are more nearly allied to the for- 
mer. Their tracheae, besides having an exceedingly large 
dilatation at its bifurcation, is also enlarged previous to its 
entrance into the thorax. In accordance with their pisci- 
vorous propensities, their gullet is wider than that of the 
ducks, and their gizzard less muscular. 

Three species occur in the temperate parts of Europe. 

The goosander, Mergus merganser, of which the male is 
black, with the lower parts buff-coloured, and the head 
purplish green, with a slender elongated crest ; the red- 
breasted merganser, M. serrator, about the size of the mal- 
lard, also crested, the male black above, white beneath, 
with the head dark green; and the smew, M. albellus, 
which is smaller than the golden-eye, varied with black 
and white, and having a large compressed white crest. 

All these occur also in the northern parts of America, 
which has moreover a species peculiar to itself, the hooded 
merganser {M. ctwzdlatm, Plate XVJIL, figure 7^ of a 
blackish colour above, white beneath, with a seipicircular 
black crest, white on each side. The females and young 
of all the species differ greatly in colour from the adult 
males. (j. w.) 


THE ORDERS, FAMILIES, AND GENERA, OF BIRDS, ACCORDING TO THE SYSTEM OF ILLIGER. 


Order I. — Scansores. 


Family Psittamni Gen. Psittacus, Pezoporus pedester). 

Family Serrati Gen. Rhamphastos, Pteroglossus (^njoy, penna, yXaeea, lingua), Pogonias 

barbatus), Corythaix galea, cristam movem), Trogon, Musophaga. 

Family ArnpMboli Gen, Crotophaga, Scythrops, Bucco, Cuculus, Centropus (xsirg/i^, stimubts, eakars 

mui, pes). 

Family Sagittilingues Gen. Yunx, Picus. 

Family Syndactyli Gen. Galbula. 


Order II. — ^Ambulatores. 
Gen. Alcedo, Merops. 


Family Gen. Trochilus. n ^ \ 

Family Tmuirostres......... Gen. Nectarinia (sector florum haurientes), Tichodroma murus, boofug, 


Upupa. 


1 Prodromut Mammalmm et Avltm, Berlin, 1811. 
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Illiger’s Family Pygarrhichi Gen. Certhia, Dendrocolaptes ^ Wiger » 

System. Family Gregarii.., Gen. Xenops (ffvoj, inusitatus, noms, vidtus)^ Sitta, Buphaga, Oriolus, Cassicus, ^ Syst em. 

Sturnus. 

Family CaTim Gen. Turdus, Cinclus, Accentor, Motacilla, Muscicapa, Myiothera (/otu/a, muscay ^Tj^aa, 

venor, capto)^ Lanius, Sparactes ((F^a^ocxrijg, lanzoj laceratm)^ Todus, Pipra. 

Family Passerini Gen. Parus, Alauda, Emberiza, Tanagra, Fringilla, Loxia, Colius, Glaucopis, Phyto- 

toma. 

Family Dentirostres Gen. Prionites serra\ Buceros. 

Family Coraces Gen. Corvus, Coracias, Paradisea, Cephalopterus, Gracula* 

Family Sericati Gen. Ampelis, Procnias. 

Family Hiantes Gen, Hirundo, Cypselus, Caprimulgus. 


Order III. — Raptore** 


Family Nocturm Gen. Strix. 

Family Acdpitnni Gen, Falco, Gypogeranus (yu'v}/, vuUuvy yigaioj, grus\ Gypaetui. 

Family Vulturini Gen. Vultur, Cathartes purgator). 


Order IV. — Kasores. 


Family Gallinacei Gen.Numida, Meleagris, Penelope, Crax, Opisthocomus (Hoffmansegg, 4Mn(Soxo/*«^, oo- 

eipite comatus), Pavo, Phasianus, Gallus, Menura, Tetrao, Perdix. 

Family Epollicati Gen. Ortygis (ogroj, coiufnix)^ Syrrhaptes (cuppa^tv^ consuere). 

Family Columhini Gen. Columba. 

Family Crypturi Gen. Crypturus (xgvTrniv, occultare, oupj, cauda). 

Family Inepti Gen. Didus. 


Order V. — Cubsorbs. 


Family Proem Gen. Casuarius, Struthio, Rhea. 

Family Campestres, Gen. Otis, 

Family Gen. Charadrius, Calidris, Hiraantopus, Haematopus, Tachydromus vclodiefr 

currens\ Burhinus, 


Order VL — Grallatores. 


Family Vagimti Gen. Chionis. 

Family Aketorides Gen. Glareola, Cereopsis, Dicholophus Ufariam; \o(poiy crista\ Palamedea, Chauna 

(xayvoft/wwgom, injlatus^ inanis)^ Psophia. 

Family Herodii Gen. Grus, Ciconia, Ardea, Eurypyga («ugu;, latus^ mr/tj, anas, cauda), Scopus, Cancroma, 

Anastomus. 

Family Falcati Gen, Tantalus, Ibis. 

Family Limicolce Gen. Numenius, Scolopax, Ereunetes (i^svvy\r 7 ig, exphrator), Actitis {axrmg, in litCorc 

degens), Strepsilas (<rrgg4/6/i», vertere, lapis), Tringa. 

Family Macrodactyli Gen, Parra, Rallus, Crex. 

Family Lobipedes Gen. Fulica, Podoa {mug, pes, Sax, linibus, dmbria), Phalaropus. 

Family Hygrohaice Gen. Corrira, Recurvirostra, Platalea, Phsenicopterus. 


Order VII. — Natatores. 


Family Longipennes, 
Family Tubinares,,*. 


Family Lamelloso^dentatL. 

Family Steganopodes 

Family Pygodopes 


Gen. Rhyncops, Sterna, Larus, Lestris presdatrix). 

Gen. Procellaria, Haladroraa in mare cursitans), Pachyptila (mxvg, densuit 

m>jov, pluma), Diomedea. 

Gen. Anas, Anser, Mergus. 

Gen. Pelecanus, Halieus (ccXiug, piscator), Dysporus, Phaeton, Plotus, 

Gen. Colymbus, Eudytes (ii#, bene, faeik, Junjg, urinator), Uria, Mormon (j/LogfiJSs, larva)t 
Alca. 

Gen. Aptenodytes. 
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THE ORNITHOLOGICAL SYSTEM OP M. TEMMINCK.* 


Order L — Rapaces. 


Order IX. — CoLUMSiE. 


Tem- 
minck’s 
and Ti- 
gors’s Sys- 
tems. 


Gypaetus, Gypogeranus, Genus^Columba. 

Order II.— Omnivores. Order X. — GALLiN.fi. 

Genera^ — Opistbocomus, Buceros, Prionites, Corvus, Genera. — Pavo, Gallus, Phasianus, Lophophorus, Poly- 

Nucifraga, Pyrrhocorax, Barita, Glaucopis, Gracula, Bu- plectron, Meleagris, Argus, Numida, Pauxi, Crax, Pene- 
phaga, Bombycivora, Ptilonorhynchus, Coracias, Colaris, lope> Tetrao, Pterocles, Syrrhaptes, Perdix, Cryptonyx, 
Oriolus, Icterus, Sturnus Pastor, Paradisea, Lamprotornis. Tinamus, Hemipodius. 

Order III. — ^Insegtivores. Order XI. — Alectorides. 

Genera. — Turdus, Cinclus, Menura, Pitta, Myothera, Genera. — Psophia, Dicholophus, Glareola, Palamedea, 


Genera. — Turdus, Cinclus, Menura, Pitta, Myothera, Gener 
Tamnophilus, Vanga, Lanius, Psaris, Sparactes, Ocypte- Chauna. 
rus, Criniger, Edolius, Ceblepyris, Coracina, Ampelis, Cas- 
marhinchos, Procnias, Rupicola, jPhibalura, Pipra, Parda- 
lotus, Todus, Platyrhinchos, Muscipeta, Muscicapa, Ma- Generi 
lurus, Sylvia, Saxicola, Accentor, Motacilla, Anthus- 


Order IV. — Granivores. 

Genera. — Alauda, Parus, Emberiza, Tanagra, Ploceus, First Family. 

Loxia, Psittirostra, Pyrrhula, Fringilla, Phytotoma, Colius. Ga«€rfl._(Edicnemus, Calidris, Falcinellus, Himaato- 

Oedee V.-ZTGODACTyLi. H*matopus, Charadrius. 

First FamUy. 

Gewera.— Musophaga, Indicator, Cuculus, Coccyzus, Genera.— Vanellus, Strepsilus, Grus, Aramus, Ardea, 
Centropus, Phcenicophaus, Leptosomus, Scythrops, Ptero- Ciconia, Anastomus, Scopus, Phoenicopterus, Recurviros- 
glossus, Ramphastos, Crotophaga, Trogon, Capito, Bucco, Cancroma, Platalea, Tantalus, Ibis, Numenius, Mn- 


Order XIL— Cursores. 

Genera. — Struthio, Ehea, Casuarius, Otis, Cursorius. 
Order XIII.— Grallatores. 


Pogonias, Psittacus. 

Second Family* 

Genera. — Picus, Yunx. 

Order VL — Anisodactyli. 

Genera. — Oxyrincus, Orthonyx, Dendrocolaptes, Xe- 
nops, Anabates, Opetiorynchos, Certhia, Cereba, Trochi- 


ga, Totanus, Limosa, Scolopax, Rynebsea, Eurypyga, Bal- 
lus, Gallinula, Parra, Porphyrio. 

Order XIV.^ — ^Pinnatipedbs. 

Genera. — Fulica, Podoa, Phalaropus, Podiceps- 

Ordbr XV. — Palmipedes. 

Genera. — Cereopsis, Chionis, Rynchops, Sterna, Larus, 


Jus Nectarinia,, CluEacteris, Tichodroma, Upupa, Epi- 

machus, Drepanis, Meliphaga. Pelecanus, Carbo, Tachy^etes, Sula, 

Order VII. Alciones. Plotus, Phaeton, Uria, Phaleris, Mormon, Alca, Sphenis- 

cus, Aptenodjtes. 


machus, Drepanis, Meliphaga. 

Order VII. — Alciones. 
Genera.— Merops, Alcedo, Dacelo. 

Order VIIL — Chelidones. 
Genera.— Hirundo, Cypselus, Caprimulgus- 


Order XVI. — Inbbtes. 


Genera. — Apteryx, Didus. 


THE CLASSIFICATION OF BIRDS, AS PROPOSED BY ME VIGORS.* 


Order L— Raptores, 111. (Accipitres, Linn.) 

1st Family. — ? — Gen. Gypogeranus, 111. (Serpen- 
tarius, Cuv. ; Ophiotheres, Vieill.). 

2d Family. VuLTURiDfi. — 1. Gen. Cathartes, 

111. (Catharista, Vieill.) ; 2. Gen. Sarcoramphus, 

Dum. (Cathartis pars. 111.; Gypagus, Vieill.); 3. 

Gen. Gyps, Sav. ; Vultur, Auct. (-dEgypius, Sav.) ; 4>. 

Gen. Gypaetus, Storr. (Phene, Sav.) ; 5. Gen. 

Neophron, Sav. (Cathartis pars, Temm.). 

3d Family. FALcoNiDfi, Leach. — 1. Sub-fain. Aqux- 
Una. Gen. Ibycter, Vieill.; Daptrius, Vieill.; Polybo- 
rus, Vieill. ; Pandion, Sav. ; Haliaeetus, Sav. ; Aquila, 
Auct. ; Harp 5 da, Cuv. ; Physeta, Vieill. ; Morphnus, 
Cuv. (Spizaetus, Vieill.) ; Cymindis, Cuv. ; Asturina, 


Vieill. 2. Sub-fam. Acdvpiirma. Gen. Daedalion, Sav.; 
Astur, Auct. (Sparvius, Vieill.) ; Accipiter, Auct. ; Har- 
pagus; Gampsonyx. 3. Sub-fam. i^aZeomna. Gen. Hie- 
rax, Vig. ; Falco, Auct. 4. Sub-fam. Buteonina. Gen. 
Ictinia, Vieill.; Circus, Auct.; Pernis, Cuv.; Buteo, 
Auct. 5. Sub-fam. Milvina. Gen. Elaniis, Sav. ; Nau- 
clerus, Vig- ; Milvus, Auct. 

4th Family. SxRiGiDfi, Leach. — 1. Sub-fam. Noc- 
tuina. Gen. Surnia, Dum.; Noctua, Sav. 2. Sub-fam. 
Bvbonina. Gen. Scops, Sav. ; Bubo, Cuv. 3. Sub- 
fam. Asionina. Gen. Asio, Antiq. (Olus, Cuv.). 4. 
Sub-fam. Strigina. Gen. Ulula, Cuv. ; Strix, Auct. 5. 
Sub-fam. Syrniana. Gen. Syrnium, Linn. 

5th Family. • ? 


From the Manuel S'Omithologte^ i. xlviii. 1820. 


* In the Zoologktd Journal, No. viL p. 392. 1825. 
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Order II. — Tnsessores. (Picse, Passeresi Linn*) 

Tribe L — FissirostreS) Cuv* 


1st Family. MEROPiDis. — Gen. Merops, Linn. (Api- 
Rster^ Briss.)* 

2d Family. HiRUNDiNiD-ae.— Gen. Cypselus, 111. 
(Apus, Cuv.; Micropus, Meyer); Hirundo, Auct. 

3d Family. CAPRiMULGiDiE.~Gen. Caprimnlgus, 
Auct.; Podargus, Cuv.; JEgotheles, Vig. and Hors.; 
Steatornis, Humb. ; Nyctebius, Vieill. 

4th Family. ToDiDiR. — Gen. Eurylaimus, Horsf. ; 

Eurystomus, Vieill (Colaris, Cuv.) ; Todus, Auct. 

5th Family. HALcyoNiDiE.— Gen. Alcedo, Linn, 
(Ispida, Briss.) ; Halcyon, Swains. ; Dacelo, Leach ; Ta- 
nysiptera, Vig.; Galbula, Briss.; Capito, Vieill.? Mo- 
nasa, Vieill. ? 

Tribe IL — Dentirosiresy Cuv. 

1st Family- MusciCApiDjE. — Gen, Platyrbynchus, 
Desm. ; Muscicapa, Auct. ; Muscipeta, Cuv. ; Onychor- 
hynchus, Fisch, ; Vireo, Vieill? Icteria, Vieill? 

2d Family. LAHiADiP, — 1. Sub-fam. Tyrannim^ 
Swains. Gen. Tyrannus, Cuv. ; Tityra, Vieill. (Psaris, 
Cuv.); Guberneies, Such. 2. Sub'-fam.iJicnm/iG, Swains, 
Gen. Artamus, Vieill. (Ocypterus, Cuv,); Dicrurus, 
Vieill. (Edolius, Cuv.); Trichophorus, Temm.? Irena, 
Horsf. 3. Sub-fam. Laniana^ Swains. Gen, Sparactes, 
III; Lanius, Auct.; Falcunculus, Vieill; Cyclarhis, Swains.; 
Lanio, Vieill? 4, Sub-fam, Thamnophilina^ Swains. 
Gen. Vanga, Cuv.; Thamnophilus, Vieill; Malaconotus, 
Swains . 5 Formicivora, Swains.; Drymopbila, Swains.; 
Laniarius, Vieill ; Prionops, Vieill. 5- Sub-fam. Campe- 
phagina^ Swains, Gen. Grauculus, Cuv,; Campephaga, 
vieill (Ceblepyris, Cuv.). 

3d Family. Mebulidje. — 1. Sub-fam. Myoiherina, 
Swains. Gen. Urotomus, Swains. ; Myothera, III (Myr- 
mothera, Vieill) ; Pitta, Vieill ; Grallaria, Vieill ; Co- 
nophaga, Vieill ; Cinclus, Bechst. ? (Hydrobata, Vieill) ; 
Chamaeza, Vig. 2, Sub-fam. Merulina, Gen. Merula, 
Ray; Sphecotheres, Vieill ? 3. Sub-fam. Gno/ewa. Gen, 
Oriolus, Auct. 4. Sub-fam. Cf)ssyp1dna> Gen. Cossy- 
pha, Vig. ; Timalia, Horsf, ? 5. Gen. Petrocincla, Vig. 

4th Family, SYLvuDiE* — L -- — ? Gen. Hylo- 
philus, Temm,; lora^ Horsf.; Accentor, Bechst,; Pru- 
nella, Gessn.? 2. ? Gen. Brachypteryx, Horsf.; 

Curruca, Bechst, ; Ficedula, Bechst.; CEgithina, Vieill? 
3. Sub-fam. Sylviana, 'Gen. Sylvia, Auct. ; Melia;ophilus, 
Leach ; Synallaxis, Vieill ; Malurus, Vieill ; Troglodytes, 
Cuv. ; Regulus, Cuv. ; Tyrannulus, Vieill 4. Sub-fam. 
Motadllina, Gen. Motacilla, Auct ; Budytes, Cuv. ; 
Enicurus, Teram. ; Antlius, Bechst.; Corydalla, Vig.; 
Megalurus, Horsf. 5. Sub-fam. Saxkolina. Gen. Saxi- 
cola, Bechst. (CEnanthe, Vieill). 

6th Family. Pipbidjs.— G en. jEgithalus, Vig. ; Pa- 
rus, Linn.; Megistina, Vieill ; Pardalotus, Vieill; Pipra, 
Linn. (Manacus, Briss.); Rupicola, Briss,; Calyptome- 
m, Raffles ; Phibalura, Vieill ; Bombicilla, Briss. ; Am- 

S ’* , Auct. (Cotinga, Briss.; Tersa, Vieill) ; Procnias, 
cn, Casmarl\ynchus, Temm, (Ampelis, Vieill) ; 
Querula, Vieill; Coracina, Vieill ( Cepbalopter us, Geoff.) ; 
Pachycephala, Swains. 

Tribe III, — ConlrQstreSy Cuv. 

1st Family. Fringillip^,-—]. Sub-fam. Tanagrina9 
Gen. Euphonia, Vieill ; Nemosia, Vieill. ; Tachypbonus, 
Vieill ; Saltatpr, Vieill. ; Tanagra, Auct. ; Pyranga, 
Vieill; Ramphopis, Vieill; Arremon, Vieill; Dulus, 
Vieill? Pipilo, Vieill 2. Sub-fam. Alaudina, Gen. 
Emberiza, Linn. ; Passerina, Vieill ; Alauda, Auct ; Mi- 
rafra, Horsf. 3. Sub-fam. Carduelina, Gen. Carduelis, 
Briss.; Ploceus, Cuv. (Agelaii pars, Vieill), 4. Sub- 


fam. Passerina, Gen. Fringilla, Auct; Passer, Auct, VigorsV 
(Pyrgita, Cuv.). 5. Sub-fam. Pg/rr.Wiwa.? Gen. Lina- System, 
ria, Bechst.; Vidua, Cuv.; Pyrrhula, Briss.? 

2d Family. Sturnid^. — 1. Sub-fam. Jcierina, Gen. 
Xanthornus, Cuv. (Yphantes, Vieill); Icterus, Cuv. (Pen- 
dulinus, Vieill.) ; Sycobius, Vieill. ? Quiscalus, Vieill ; 
Cassicus, Daud. ; Le'istes (Agelaii pars, Vieill). 2, Sub- 
fam. Sturnina, Gen. Sturnella, Vieill ; Sturnus, Linn. ; 

Amblyramphus, Leach ; Dilophus, Vieill ? 3. ? Gen. 

Lamprotornis, Temm.; Acridotheres, Vieill. (Gracula, 

Cuv.). 4. ? Gen, Pastor, Temm. (Psaroidos, Vieill) ; 

Grallina, Vieill? 5. ? Gen. Buphaga, Linn. 

3p Family. CoRViPiE, Leach. — 1. ? Gen, Crac- 

ticus, Vieill (Barita, Cuv.) ; Nucifraga, Briss. ^ 2. Sub- 
fam. Corvina, Gen. Pica, Briss. ; Garrulus, Briss. ; Cor- 
vus, Auct. 3, Sub-fam. Coraciam, Gen. Coracias, Linn. 
(Galgulus, Briss.); Gracula, Auct. (Eulabes, Cuv.); Pti- 
ionorhynchus, Kuhl; Glaucopis, Forst. (Callapas, Lath.); 
Crypsirina, Vieill (Phrenotrix, Horsf.). 4, Sub-fam. JPa- 
radiseana, Astrapia, Vieill ; Parotia, Vieill ; Paradisea, 

Linn. (Manucodiata, Briss.); Lophorina, Vieill; Cicin- 

nurus, Vieill ; Epimachus, Cuv. ? 5. ? Gen. Fregi- 

lus, Cuv. (Coracias, Briss.) ; Pyrrhocorax, Vieill 

4th Family. BucERiPiE, Leach. — Gen. Buceros, Linn. 
(Hydrocorax, Briss.) ; Momotus, Briss, (Prionites, 111 ; 
Barypbonus, Vieill). 

5th Family. Loxiad.®. — G en.Pbytotoma,Gmel; Coc- 
cotbraustes, Briss. ; Py tiius, Cuv. ; Loxia, Briss. ; Psitti- 
rostra, Temm. ; CoUus, Linn.? Cissopis, Vieill (Bethy- 
lus, Cuv,) ; Strobilopbaga, Vieill (Cory thus, Cuv.). 

Tribe IV, — Smn$ore$^ Auct 

1st Family. Ramphastipje. — G en. Scythrops, Lath, ; 
Rampbastos, Linn. (Tucana, Briss.) ; Pteroglossus, III 

2d Family. PsixTACiPiB, Leach. — 1. Sub-fam. 
lacina, Gen. Psittacus, Auct.; Androglossa. 2, Sub- 
fam. Plyctolophma. Gen. Plyctolophus, Vieill; Calypto- 
rhyncbus, Vig. and Hors, j Microglossum, Geoff. 3. Sub- 
fam. Macrocercina, Gen. Macrocercus, Vieill 4. Sub- 
fam. Palceornina, Gen. Psittacara : Nanodes, Vig. and 
Hors.; Piatycercus ; Pezoporus, III. ; Palaeornis, Vig. ; Tri- 
choglossus, Vig, and Hors. ; Lorius, Vig. ; Brotogcris, Vig. 

5. Sub-fam. Psittaculina, Gen. Psittacula, Kuhl 

3d Family. Picid^. — G en. Pogouias, III; Bucco, 

Auct.; Picus, Linn.; Colaptes, Swains.; Yunx, Linn. 
(Torquilla, Briss.). 

4th Family. CERTHiADJE.^Gen- Dendrocolaptes, 

Herm. (Dendrocopus, Vieill.) ; Certhia, Auct, ; Climac- 
teris, Temm.; Orthonyx, Temm.; Tichodroma, 111 (Pe- 
trodroma, Vieill) ; Upupa, Linn. ; Sitta, Linn. ; Xenops, 

Hoffm. ; Ortbotomus, Horsf. ; Neops, Vieill ; Mniotilta, 

Vieill ; Thriotliurus, Vieill ; Pyrrota; Vieill ? Opetiorhyn- 
cbus, Temm. ; Oxyrhynchus, Temm. 

5th Family, CucuLiDiB, Leach, — Gen, Coccyzus, 

Vieill; Leptosomus, Vieill; Cuculus, Auct.; Indicator, 

Vieill.; Centropus, III (Corydoinrx^ Vieill); Saurotbera, 

Vieill ; Phaenicophaus, Vieill. ; Crotojihaga, Linn. ; Tro- 
gon, Linn.; Corythaix, III? (Opsethus, Vieill); Muso- 
phaga, Isert ? 

Tribe V, — Tetiuirostres^ Cuv. 

1st Family. Nectabikiadje P-^en. Nectarinia, III; 
(Cmreba, Vieill) ; Dacnis, Cuv. ; Furnarius, Vieill ? 

2d Family. CYHKyaiDjt— Gen. Cinnyris, Cuv, (Mel- 
lisuga, Vieill); Dictum, Cuv. ; Drepanis, Temm. 

3d Family. Troohjlid^, — G en. Trochilus, Auct 
(Polytmus, Briss.); Mellisuga, Briss. (Orthorhynchus, 
Lacepede). 

4th Family. Promeropidje. — Qen. Promerops, Briss. 
(Falcinellus, Vieill.). 

5xh Family. Mbliphagidje -—Gen. Meliphaga, Lewin 
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Melithreptu^ Vieffl.; 4th FAMix.r. RA.rxoiE, Leach.-Gen. Parra, Linn.S^I 

Order III.— EaSores, DI. (Gallin®, Linn.') Rallus, Auct. ; Chionis, Forst.? (Vaginalis, Gmel); Crex, 

1st Favttv PnrrTMorTMB. T 1 /-i T. Bcchst. (Ortygometra, Steph.) ; Gallinula, Briss.; Por- 

Vipm r 1 i Leach.— Gen. Treron, phyrio, Briss.; Podoa, El. (Heliornis, VieiU.); Fulica, 

Viem.(Vindgo,Cur.J;Columba, Auct.; Ptilmopus, Swains.; Auct. ^ > 

I/famil?’ PHAsiANiDiE.-Gen. Meleagris, Linn, topu? I^n^ (OstrSe^a^^BHsto? 

Falcinellus, Cuv.; Erolia, Vieill. ? ^ Curse 
lyplectron, lemtn.), <^llus, Briss.; Monaulus, Vieill. rius. Lath. (Tachydromus, 111.)- Strensilas III - Sutia. 

"'^anellus, Briss. (Tringas^El.)’; PIuviaLs, 

3n r v r. r. t - Charadrius, Auct. (PluVialis,® Briss.j ; CZ^, 

^rnix, Cuv.; Perdix, Briss.; Ganga, Vieill. (Pterocles, 

^ram.) ; Tetrao, Auct.; Lagopus, Vieill; Syrrhaptes, 111.' Order V. — Natatores, III (Anseres, LinD.) 

; 1st Famizy—Anatidxe, Leach.-1. Sub-fam. Anseri- 
fVvn nr? v- Tf ’ Tinamus, Lath. (Crypturus, 111.; «a, Gen. Anser, Briss.; Bernicia, Steph.; Cheniscus, 

ISL l’ ^ „ Brookes’s MS.; Chenalopex, Steph.; Plectropierus, Leach 

SmwM SxRUTHioNiD^^Gen. Rhea, Bnss.; 2. Sub-fam. Cfera^ma. Gen. Cereopsis, Lath. 3. Sub- 

Struthio,Lmn.;Casuarius, Briss.; Dromicems,VieiU.;Di- fam. Anatim. Gen. Tadorna, Leach; Cairina, Flem.; 

5th Family. CRACiDiE.--Gen. Ourax, Cuv. (Pauxi, quedula, Ray; Rhynchaspis, Leach. 4 Sub-fam ? 

lemm.); Crax, Linn.; Pendope, Merr.; Ortalida, Merr.; Gen. Clangula, Flem.; Harelda, Ray; Fuligula, Ray; 
Opisthocomus, Hoffm.? (Orthocorys, Vieill.) ; Menura, Mergus, Linn. (Merganser, Briss.); Somateria, Lead 
Lath,; Megapodius, femm. Oidemia, Eem.; Biziura, Leach. 4. Sub-fam. Cygnim. 

Order IV.-GRALLATORES, El. (Grallae, Linn.) ^ 2 d fc^v.^To^YMBiDiE, Leach.-Gen. Podiceps, 

1st Family. GRUiDiE.— Gen. Psophia, Linn.; An- Lath. (Colymbus, Briss. 111.); Colymbus, Auct. CMer- 
thropoides, Vieill. ; Balearica, Briss. ; Grus, Pall ; Caria- gus, Briss. ; Eudytes, III). 

ma, Briss. (Dicholophus, III; Zophorhynchus, Vieill 5 Ma- 3d Family. Alcad^ Gen. Uria, Briss.; Cephus. 

crodactylus, Geoff.). Cuv. ? Mergulus, Ray ; Phaleris, Temm. (Alca, Vieill) ; 

2d Family. Ardeidje, Leach.—-Gen. Aramus, Vieill ; Fratercula, Briss. (Mormon, III; Larvae pars, Vieill); 

Eurypyga, III. ^Helias, Vieill) ; Ardea, Auct.; Canchro- Alca, Auct. (Larv® pars, Vieill); Spheniscus, Briss. j 
ma, Linn. (Cochleariusy Briss.); Phaenicopterus, Linn.; Catarractes, Briss. (Eudytes, Vieill.): ADtenodvtes. 

Plataleai Linn. (Platea, Briss.); Ciconia, Briss.; Mycte- Forst. 

ria, Linn.; Scopus, Briss.; Anastonius, III (Hians, La- 4th Family. PsLECANiDiE, Leach.— -Gen. Onocrota- 
cep,); Tantalus, Linn.; Ibis, Lacep. (Falcinellus, Bechst.). lus, Briss.; Phalacrocorax, Briss. (Carbo, Meyer; Hali- 
8d Family. Scolopacidje. — Gen. Numenius, Briss.; jeus, III; Hydrocorax, Vieill); Sula, Briss. (Dysporus, 

Totanus, Bechst. (Actitis pars., Ill); Recurvirostra, III ; Morus, Vieill.) ; Tachypetes, Vieill ; Phaeton, Linn. 

Linn. (Avocetta, Briss.) ; Limosa, Briss. (Actitis pars., (Lepturus, Briss.) ; PJotus, Linn. (Anhinga, Briss.). 

111. ; Limicula, Vieill) ; Ereunetes, 111 ; Macroramphus, 5th Family. Laridje, Leach. — Gen. Sterna, Linn. ; 

Leach? Scolopax, Auct.; Rusticola, Vieill; Ryncheea, Rhynchops, Linn. (Rygehopsalia, Briss.); Larus, Auct.; 

Cuv. (Rostratula, Vieill) ; Machetes, Cuv. (Actitis pars., Stercorarius, Briss. (Lestris, III; Praedatrix, Vieill)- 
III); Pelida, Cuv.; Phalaropus, Briss. (Crymophilus, ©iomedea, Linn. (Albatrus, Briss.); Haladroma, 111 
Vieill); Lobipes, Cuv. (Phalaropus, Vieill); Tringa, Procellaria, Auct.; Pachyptila, III; Puffinus, Ray; Thar 
Auct. (Actitis pars., Ill) ; Phaeopus, Cuv. lassidroma, Vig. 


THE ORDERS, FAMILIES, AND SUB-FAMILIES OF BIRDS, ACCORDING TO THE SYSTEM OF MR 

SWAINSON.* 


Order L— Raptores. Rapacious Birds. 

Family VuLTURiDiE. Vultures. 

Family Falcon iDiE. Falcons. — Sub-families: Aquili- 
nae. Eagles ; Cymindinae, Kites ; Buteoninae, Buzzards ; 
Falconinae, Falcons ; Accipitrinae, Hawks. 

Family Strigidje. Owls. 

Order IL-^Insessores. Perching Birds. 

Tribe I, — Dentirostres, 

Family LaniAdje. Shrikes. — Sub-families : Lanianae, 


True Shrikes ; Tharanophilinae, Bush Shrikes ; Dicrurinae, 
Drongo Shrikes; Ceblepyrinae, Caterpillar-catchers; Ty- 
ranninae, Tyrant Shrikes. 

FamilyMerulid-ze. Thrushes.— Sub-families: Brachy- 
podinae, Short- footed Thrushes; My o thermae, Ant Thrush- 
es; Merulinae, True Thrushes ; Crateropodinae, Babblers; 
Ofiolinae, Orioles. 

Family SvLviADiB, Warblers. — Sub-families : Saxico- 
linae, Stonechats ; Philomelinae, Nightingales ; Sylvianae, 
True Warblers ; Parianae, Tit-mice ; Motacillinae, Wag- 
tails. 

Family Ampelid-e. Fruit-eaters, or Chatterers. — ^^Sub- 


* From the Natural History and Classification of Birds, voL ii. p. 205, published in Dr Lardner’s Calinet Cyclo^cEdia, vol. xcii. 1837, 
The accessible form of this recent "vvork renders it less necessary that we Should give a full exposition ot its systematic portion, and 
the great amount of its generic groups renders their insertion somewhat indompatible with those prescribed Hmits which in truth we 
have already exceeded. But we take it for granted, that every sincere Isver of Ornithology Will possess himself of Mr Swainson^ii 
volumes, to which any abstract wc could odor would do injustice. 
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Birds of families : Leiotriclianse, Silky Chatterers ? Vireoninaa, 
Europe. Greenletsand Thick-heads; Bombycillinse, Swallow-chat- 
terers ; Ampelinae, Typical Chatterers ; Piprinae, Ma- 

nakins. n i /> -v 

Family MuscicAPiDi®. Ey-catchers.— Sub-families : 
Querulinae ; Psarianae, Black-caps ; Fluvicolinae, Water- 
chats; Muscicapinae, Fly-catchers; Eurylaiminae, Broad- 
bills. 


Tribe IL^Conirostres, 

Family Corvidae. Crows.— Sub-families : Corvin®, 
Typical Crows ; Garrulin®, Jays ; Glaucopin®, Wattle- 
crows ; Coracin®, Fruit-crows ; Frigilin®,^ ^ 

Family STURN iDiE. Starlings. — Sub-families: Sturnin®, 
Typical Starlings; Lamprotornin®, Grakles; Scaphidurin®, 
Boat-tails ; Icterin®, Hang-nests ; Aglain®, Maizers. 

Family FRiNGiLLiDiE. Finches. — Sub-families : Coc- 
cothraustin®, Hard-bills ; Tanagrin®, Tanagers ; Fringil- 
lin®, Ground-finches; Alaudin®, Larks; Pyrrhulin®, 
Bullfinches. 

Family MusoPHAGiPis. Plantain-eaters. — Sub-fami- 
lies; Phitotomin®, Plant-cutters; Colin®, Colies; Muso- 
phagin®, Plantain-eaters. 

Family BucERiDiE. Genus Buceros. 


Tnhe IV^f^Tenuirostres. Suctorial Birds* 

Family MELiPHAGiDiB. Honey-suckers. 
Family Cinnyrid.®. Sun-birds. 

Family TROCHiLiDiE. Humming birds. 

Family Promeropid®. .Hoopoes. 

Family Paradisiadje. Paradise Birds. 

Tribe FI — Fissirostres* Fissirostral Birds* 

Family Mrropip®. Bee-eaters. 

Family Halcyonid®. King-fishers. 

Family Trogonid®. Trogons. 

Family Caprimulgid®. Night-Jars. 

Family Hirundinid®, Swallows* 


Birds of 
Europe. 



Order III. — Rasores. Rasorial Birds* 

Family Pa von id®. Peacocks and Pheasants. 

Family Tetraonid®. Partridges and Grouse. 
Family Struthionid®. Ostriches. 

Family Columbid®. Pigeons. — Sub-family ; Colum- 
bin®. 

Family Megapodiad®. Great-foots. 


Order IV. — Grallatores. Waders. 


Tribe IIL^Scansores* 

Family Ramphastid®. Toucans. 

Family Psittacid®. Parrots. — Sub-families : Macro- 
circin®, Maccaws ; Psittacin®, Parrots ; Plyctolophin®, 
Cockatoos ; Lorian®, Lories ; Platycircin®, Loriets. 

Family Picid®. Woodpeckers.— Sub-families : Pi- 
cian®, True Woodpeckers; Buccoin®, Barbuts. 

Family Certhiap®. Creepers. — Sub-families: Cer- 
thian®, True Creepers; Anabatin®, Tree-runners; Sit- 
tin®, Nut-hatchers; Troglodytin®, Wrens; Buphagin®, 
Ox-peckers. 

Family Cuculid®. Cuckoos. — Sub-families; Cucu- 
lin®, Parasitic Cuckoos ; Coccyzin®, Hook-billed Cuckoos; 
Leptostomin®, Long-billed Cuckoos ; Indicatorin®, Ho- 
ney-guides. 


Family Ardbad®. Herons and Cranes. 

Family Tantalxd®. Ibis. 

Family Rallid®. Rails. 

Family Scolopacid®. Sand-pipers and Snipes. 
Family Charadriad®. Plovers. 

Order V. — Natatores. Swimmers. 

Family Anatid®. Ducks. — Sub-families: Ph®mcop- 
tin®, Flamingoes ; Anserin®, Geese and Swans ; Anatin®, 
River-ducks; Fuligulin®, Sea-ducks; Merganin®, Mer- 
gansers. 

Family Colymbid®. Grebes and Divers. 

Family Alcad®. Auks. 

Family Pelbcanid®. Pelicans. 

Family Laeid®.^ Gulls. 


ENUMERATION OF THE BIRDS OF EUROPE.* 


Order I. — Raptores. 


Vultur fulvus, Linn. Griffon Vulture. 

V. cinereus, Linn. Cinereous Vulture. 

Neophron percnopterus, Sav. Egyptian Neophron 


Gypaetus barbatus, Storr. 

Aquila imperialis, Briss. 

A. chrys®ta, Briss. 

A. Bonelli. 

A. nffivia, Meyer, 

A. pennata, Steph. 

Hali®etus albicilla, Selby. 

H. leucocephalus, 

Sav. 

Pandion hali®etus, Sav. 
arcatus bra^ydactylus, J sh^^-toed Eagle. 


Lammer-geyer. 
Imperial Eagle. 
Golden Eagle. 
Bonelli’s Eagle. 
Spotted Eagle. 
Booted Eagle. 
Sea-Eagle. 

I White-headed Eagle. 
Osprey, 


Buteo vulgaris, Bechst. 

B. lagopus, Flem. 

Pernis apivorus, Cuv. 

Astur palumbarius, Bechst. 
Falco islandicus, Lath. 

F. lanarius, Linn. 

Falco peregrinus, Linn. 

F. subbuteo, Linn. 

F. rufipes, Bechst. 

F. ®salon, Temra. 

F. concolor, Temm. 

F. tinnunculus, Linn. 

F. tinnunculoides, Natt 

Milvus vulgaris, Flem. 

M. ater. 

Nauclerus furcatus, Vig. 
Elanus melanopterus, Leach 


Common Buzzard. 
Rough-legged Buzzard* 
Honey Buzzard. 
Goshawk. 

Jer-Falcon. 

Lanner Falcon. 
Peregrine Falcon. 
Hobby. 

Red-footed Falcon. 
Merlin. 

Lead-coloured Falcon. 
Kestril. 

Lesser Kestril. 

Kite. 

Black Kite. 
Swallow-tailed Kite. 
Black-tailed Kite. 


This and the preceding family are placed as sub-families in Mr Swainson^a synopsis,.-.we presume, by an oversight in typ<wra- 
pnical correction. A similar inadvertency occurs among the tenuirostral tribe. 

* From Mr Gould’s Birds of Europe^ recently completed m five volumes royal folio, 1837- According to the author of this sump- 
^ous work, the number of European birds may now be stated to amount to 462 species, of which 310 may be regarded as British* 
^ A r about 170 are permanent residents in our island, eighty-five are summer birds of passage, which visit us from the south, 

and forty-five are winter birds of passage, which visit us from the north. This seems to leave ten species unaccounted fbr : these 
may Probably be regarded as accidental str^glers. We may add, that Mr Doubleday, in his Nomenclature of BritUh Birds (1836), 
Slates tne tom number of species actually killed or captured in Britain as amounting to 323, of which the Raptores are thirty, the/»- 
sestores 117, the Rasores seventeen, the (Collator es sixty. six, and the Natatores ninety-three. 
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Birds of Circus rufus, Briss. 

Europe. ^ c. cyaneus, Meyer. 

'"C. pallidus, Sykes. 

C. cineraceus, Meyer. 

Strix flammea, Linn. 

Bubo maximus, Sibb. 

B. ascalaphus, Sav. 
Otus vulgaris, FJem. 

O. brachyotus, Cuv. 
Scops Aldrovandi, Will, and 
Ray. 

Surnia cinerea. 

S. nyctea, Dum. 

S. Uralensis, Dum. 

S. funerea, Dum. 
Ulula nebulosa, Cuv. 
Syrnium aluco, Sav. 
Noctua nudipes, Wils. 

N. ? tengmalmi, Selby, 
N, passerina. 


Marsh Harrier. 

Hen Harrier. 

Pallid Harrier. 

Ash-coloured Harrier. 

Barn Ow^l. 

Great-horned or Eagle Owl. 
Eastern Great-horned Owl. 
Long-eared Owl. 
Short-eared Owl. 




Scops-eared OwL 

Great Cinereous Owl. 
Snowy Owl. 

Ural Owl. 

Hawk Owl. 

Barred Owl. 

Tawny or Wood Owl. 
Little Owl. 
Tengmalm^s Owl. 
Sparrow Owl. 

Order II.— Insessores.^ 


Caprimulgus Goat-sucker. 

C. ruficollis. Red-collared Goat-sucker. 


Cypselus murarius, Temm. 
C. alpinus, Temm. 

Hirundo rustica, Linn. 

H. rufula, Temm. 

H. rupestris, Linn. 

H. urbica, Linn. 

H. riparia, Linn. 
Merops apiaster, Linn. 
Coracias garrulus, Linn. 
Alcedo ispida, Linn. 

A- rudis, Linn. 
Muscicapa luctuosa, Temm. 

M. ““ 

M. parva, Bechst. 

M. grisola, Linn. 

Collurio excubitor, Vig. 

C. meridionalis, Vig. 

C. minor, Vig. 

Lanius collurio, Linn. 

L. rnfus, Briss. 

Oriolus galbula, Linn. 
Merula vulgaris, Ray. 

M. torquata, Briss. 

M. migratoria, Swains, 
Turdus atrogularis, Temm. 
T. - 

T. 

T. 

T. 


Swift. 

White-bellied Swift. 
Chimney Swallow. 

Rufous Swallow. 
Rock-Martin. 

Martin. 

Sand-Martin. 

Bee-eater. 

Roller. 

Kingfisher. 

Black and White Kingfisher. 
Pied Fly-catcher, 
albicollis, Temm. Wliite-collared Fly-catcher. 

Red-breasted Fly-catcher. 
Spotted Fly-catcher. 

Great Shrike. 

Great Gray Shrike. 

Lesser Gray Shrike. 
Red-backed Shrike. 
Wood-Chat. 

Golden Oriole. 

Black Ouzel or Blackbird. 
Ring- Ouzel. 

Migratory Ouzel. 
Black-throated Thrush. 
Fieldfare. 

Missel- Thrush. 

Song-Thrush. 


T. 

T. 

T. 

T. 


pilaris, Linn, 
viscivorus, Linn, 
musicus, Linn, 
iliacus, Linn. 

Naumannii, Temm. Naumann's Thrush. 


Redwing. 


pallidus, Pall. Pallid Thrush. 

Whitei, Eyton. White’s Thrush. 

Sibericus, Pall. Siberian Thrush. 

Cinclus aquaticus, Bechst. Water-Ouzel. 

C. melanogaster, 1 

Brehm. J 
C. Pallasii, Temm. 

Petrocincla saxatilis, Vig. 

P. cyanea, Vig. 

Saxicola cachinnans, Temm. Black Wheat-ear. 

S. leucomela, Temm. Pied Wheat-ear. 

S. oenanthe, Bechst. Wheat-ear. 

S. stapazina, Temm. Russet Wheat-ear. 

S. aurita, Temm. Black-eared Wheat-ear. 


Black-bellied Water-Ouzel. 

Pallas’s Water-Ouzel. 
Rock-Thrush. 

Blue Thrush. 


Saxicola rubetra, Bechst. Whinchat. 

S. rubicola, Bechst. Stonechat. 

Phcenicura ruticilla, Swains. Redstart. 
Ph. tithys, Jard. 1 
and Selb. J 
Ph. suecica, Jard. 1 

and Selb. j 
Erythaca rubecula, Swains. 

Accentor alpinus, Bechst. 

A. modular is, Cuv. 

A. montanellus, 1 

Temm. J 
Locustella fluviatilis. 

L. avicula, Ray. 

L. luscinoides. 

L. certhiola. 

Salicaria turdoides, Selb. 

S. 

S. 

S. palustris, 

S. phragmitis, Selb. 

S. melanopogon. 

S. aquatica. 

S. galactotes. 

S. cisticola. 

S- ? Cetti. 

S. ? sericea. 

Philomela luscinia, Swains. 

Ph. turdoides, Blyth. 

Calliope Lathamii. 

Curruca Orphea. 

C. 


Black Redstart 

Blue-throated Warbler. 
Robin. 

Alpine Accentor. 
Hedge Accentor. 

Mountain Accentor. 

Reed Locustelle. 

Brake Locustelle. 
Willow Locustelle. 
Creeping Locustelle. 
Great Sedge Warbler, 
olivetorum, Strickl. Olive-tree Salicaria. 
arundinacea, Selb. Reed Wren. 

Marsh Warbler. 

Sedge Warbler. 
Moustached Warbler. 
Aquatic Warbler. 
Rufous Sedge Warbler. 
Fan-tail Warbler. 

Cetti’s Warbler. 

Silky Warbler. 
Nightingale. 

Thrush Nightingale. 
Gorget Warbler. 
Orpheus Warbler. 


C. 

c. 

C. 

C. 

c. 

C. 

c. 

c. 

c. 


atricapilla, Bechst. Black-cap. 
hortensis, Bechst. Garden Warbler, 


Rupellii. 
melanocephala, ) 
Lath. / 

leucopogon. 
cinerea, Bechst. 
garrula, Bechst. 
conspicillata. 
sarda. 
nisoria. 


Dartford Warbler. 


Melizophilus provincialis, 

Leach. 

Troglodytes Europseus, Cuv. Wren, 

Sylvia trochilus, Gmel. Willow Wren. 


} 


Ruppell’s Warbler. 

Sardinian Warbler. 

Sub-alpine Warbler. 
Common White-throat. 
Lesser White-throat. 
Spectacle Warbler. 
Marmora’s Warbler. 
Barred Warbler. 


S. rufa, Lath, 

S. sibilatrix, Bechst. 

S. icterina, Vieill. 

S, hippolais, Temm. 

S. Nattereri, Temm. 

Anthus Richardi, Vieill. 

A. pratensis, Bechst. 

A. rufescens, Temm. 

A. aquaticus, Bechst. 

A. arboreus, Bechst. 

A. rufogularis, Temm. 
Motacilla Yarrellii. 

M. lugubris, Pall. 

M. alba, Linn. 

M. neglecta, Gould. 

M. boarula, Lath. 

Regulus ignicapillus, Cuv. 
R, vulgaris, Cuv. 

R. modestus. 

Paras major, Linn. 

P. lugubris, Natt. 

P. Sibericus, Gmel. 

P. bicolor, Linn* 


Chiff-ChaE 
Wood Wren. 

Yellow Willow Wren. 
Melodious Willow Wren, 
Natterer’s Warbler. 
Richard’s Pipit. 

Meadow Pipit. 

Tawny Pipit. 

Rock or Shore Pipit, 
Tree Pipit. 

Red-throated Pipit, 

Pied Wagtail. 
White-winged Wagtail 
White Wagtail. 
Gray-headed WagtaiL 
Gray Wagtail. 
Fire-crested Wren. 
Golden-crested Wren. 
Dalmatian Regulus. 
Great Tit. 

Sombre Tit. 

Siberian Tit. 

Toupet Tit. 
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Parus cyanus, Pali. 


P. 

P. 

P. 

P. 

P. 


cseruleus, Linn, 
ater, Linn, 
paliistris, Linn, 
cristatus, Linn, 
caudatus, Linn. 


Azure Tit. 

Blue Tit. 

Cole Tit. 

Marsh Tit. 
Crested Tit. 
Long-tailed Tit. 


Garrulus glandarius, Briss. 
G. infaustusj Temm, 
Pica caudato, Bay. 

P. cj^anea, Wagl. 
Pyrrbocorax Pyrrhocorax. 
Temm. 


Calamophilus J 

CEgithalus pendulinus, Vig. Penduline Tit. 
Bombycivoragarrula,Tenim. Waxen Chatterer. 
Alauda tartarica, Pall. 


A. 

A. 

A. 

A. 

A. 

A. 


calandra, Pall, 
brachydactyla, \ 
Temm. J 
alpestris, Linn, 
cristata, Linn, 
arvensis, Linn, 
arborea, Linn. 


Certhilaiida bifasciata. 


Calandra Lark. 

Short-toed Lark. 

Shore-Lark. 
Crested Lark. 
Sky- Lark. 

Wood- Lark. 
Bifasciated Lark. 


Plectroplmes Lapponica.| Lark-heeled Bunting. 

PI. nivalis, Meyer. Snow-Bunting. 

Emberiza miliaria, Linn. Common Bunting. 

E. 


Black-headed Bunting. 

Yellow Bunting. 
Yellow-breasted Bunting. 
Cirl Bunting. 

Ortolan Bunting. 

Rustic Bunting. 

Lesbian Bunting, 
Meadow-Bunting. 
Pine-Bunting. 

Cretzsch mar’s Bunting. 
Marsh- Bunting. 


melanoccphala, 1 
Scop. J 

E. citrinella, Linn. 

E, aureola, Pall. 

E, cirlus, Linn. 

E. hortulana, Linn. 

E. rustica, Pall. 

E. lesbia. 

E. cia, Linn. 

E. pitliyornus, Pall. 

E. cassia, Cretz. 

E. palustris, Savi. ^ 

E. schoeniculuSjLmn. Keed-Bunting. 

Pyrgita dornestica, Ciw. Common Sparrow. 

P. montana, Cuv. Tree-Sparrow. 

P. Hispaniolensis, Cuv. Spanish Sparrow. 

P, cisalpina, Cuv. Alfdne Sparrow. 

P.^ petronia. Doubtful Sparrow. 

Fringilla cmlebs, Linn. Chaffinch. 

F. montifringilla, \ 

Linn. J 
F. nivalis, Linn. 

F. ? hyemalis. 

Linaria cannabina, Swains. 

L. montuna, Hay. 

L. canescens. 

L. minor, Hay, 

Serinus flavescens. 

Carduelis elegans, Stepli. 

C. spinus, Steph. 

C. citrinella. 

Coccothraustes vulgaris, 1 ^ i 

Briss. } Hi^'vfinch. 

c. chloris, Flem. Green Grosbeak. 

Loxia pityopsittacus, Bechst.Parrot Crossbill. 

L. curvirostra, Linn. Common Crossbill. 

L. leucpptera, Gmel. White-winged Crossbill 

Corytbus ehucleator, Ciiv. Pine Grosbeak. 

C. longicauda. Siberian Grosbeak. 

Erytbrospiza erythrina, Bon. Scarlet Grosbeak. 

rosea. Rosy Grosbeak. 

E. githaginea. Vinous Grosbeak. 

Pyrrbula vulgaris, Temm. Bullfinch. 

Sturnus vulgaris, Linn. 

S. unicolor, Marm, 

Pastor roseus, Temm. 

Nucifraga caryocatactes, i 
Brissr 


Mountain or Bramble Finch. 

Snow- Finch. 

Winter-Finch. 

Common or Brown Linnet. 
Mountain Linnet or Twite. 
Mealy Red pole. 

Lesser Redpole. 

Serin Finch- 
Goldfinch. 

Siskin or Aberdevine. 

Citril Finch. 


Starling. 

Sardinian Starling, 
Hose-coloured Pastor. 

Nut-cracker. 


Fregilus graculus, Cuv. 
Corvus corax, Linn. 

c. 

corone, Linn, 

c. 

cornix, Linn. 

c. 

monedula, Linn. 

c. 

frugilegus, Linn. 

Picus martius, Linn. 

p. 

viridis, Linn. 

p. 

canus, Gmel. 

p. 

leuconotus, Bechst. 

p. 

major, Linn. 

p. 

medius, Linn. 

p. 

minor, Linn. 


1 


{ 


Apternus tridactyl us, Swains. 
Yunx torquilla, Linn. 

Sitta Europoea, Linn. 

S. Syriaca, EI»renb, 

S. A'siatica, Temm. 
Certhia familiaris, Linn. 
Upupa epops, Linn. 
Tichodroma phoenicopte-1 
ra, Temm. J 

Cuculus canorus, Linn. 

C. glandarius, Linn. 
Coccyzus American us, Vieill. 


Jay. 

Siberian Jay. 

Magpie. 

Azure-winged Magpie. 

Alpine Chough. 

Chough. 

Raven. 

Carrion Crow. 

Hooded Crow. 

Jackdaw. 

Rook. 

Great Black Woodpecker. 
Green Woodpecker. 

Gray-h eaded Green Wood- 
pecker. 

White-runiped Woodpecker. 
Great Spotted Woodpecker. 
Middle Spotted Woodpecker. 
Lesser Spotted W'oodpecker. 
Three-toed Woodpecker. 
Wryneck, 

Common Nuthatch. 
Dalmatian Nuthatch. 

Asiatic Nuthatch. 

Common Creeper. 

Hoopoe. 

Wall-Creeper, 

Common Ciickoo. 

Great Spotted Cuckoo. 
American Cuckoo. 


Birds of 
Europe, 


Order III. — Rasores. 


Columba palumbus, Linn. 

C. 0£nas, Linn. 

C. livia, Linn. 

C. turtur, Linn. 
Phasianus colchichus, Linn. 

Tetrao urogallus, Linn, | 

T. hybridus, Sparrm. 

T. letrix, Linn. 

Bonasia Eurof)3ea. 

Lagopus Scoticus, Lath. 

L. mutus, Leach. 

L. rupestris, Leach. 

L. saliceti, Swains. 

L. brachy dactyl US. 
Pterocles arenarius, Temm. 
P. setarius, Temm, 

Francolinus vulgaris, Briss. 
Perdix rubra, Hay. 

P. petrosa, Lath. 

P, saxatilis, Meyer. 

P. cinerea, Lath. 

Coturnix dactylisonans, 1 
Meyer. j 

Hemipodius tachydroraus, ^ 
Temm. y 

Glareola torqiiata, Briss, 
Cursorius Isubelhnus, Meyer. 
Otis tarda, Linn. 

O. houbara, Linn. 

O. tetrax. 


Wood-Pigeon. 

Stock- Dove. 

Rock- Dove. 

Turtle-Dove. 

Common Pheasant. 

Capercailzie, or Cock of 
tile Wood, 

Hybrid Grouse. 

Black Grouse. 

Hazel Grouse, or Gelinottc. 
Red Grouse, 

Common Ptarmigan. 

Rock Ptarmigan. 

Willow Ptarmigan. 

Short- toed Ptarmigan. 
Sand-Grouse. 

Pin-tailed Sand Grouse. 
European Francolin. 
lled-leggcd Partridge. 
Barbary Partridge. 

Greek Partridge. 

Common Partridge- 

Quail. 

Andalusian Turnix. 

Collared Pratincole. 
Cream-coloured Courser. 
Great Bustard. 

Ruffed Bustard. 

Little Bustard, 


Order IV. — Grallatores. 

Grus cinerea, Bechst. Common Crane, 

G. leucogeranus, Temm. White Crane. 
Anthropoides virgo, Vieill. Numidian Demoiselle. 
Ardea cinerea, Lath. Common Heron* 
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Birds of Ardea purpurea, Linn, 

Europe. ^ a. comata, Pall. 

'a, alba, Linn. 

A, garzctta, Linn. 

A, russata, Wagl. 
Nycticorax Europaeus, Stepli. 
Botaurus steliaris, Steph. 

B. lentiginosus, Steph. 

B. minutiis, Selby. 
Ciconia alba, Bel Ion. 

C. nigra, Bel Ion. 

C. Maquari, Temm. 
Platalea leucorodia, Linn. 
Phcenicopterus ruber, Linn. 
CEdicnemus crepitans, Temm. 
Himantopus melanopterus, \ 

Meyer. J 
Squatarola cinevea, Cuv. 
Vanellus cristatus, Meyer. 

V. Keptusclika,Temm. 
Pluvianus spinosus. 
Charadrius pluvialis, Linn. 

C. niorinellus, Linn. 

C. hiaticula, Linn. 

C. minor, Meyer. 

C. Cantianus, Linn. 

C. pyrrhotborax, 1 

Temm. J 
Haematopus ostralegus, Linn. 
Ibis Falcinellus, Temm. 
Numenius arquata. Lath. 

N. Pha^opiis, Lath. 

N. tenuirostris, Sav. 

Limosa melunura, Leisl. 

L. rufa, Briss. 

L. terek, Temm. 

RecurvirostraAvocetta,Linn. 
Totanus fuscus, Leisl. 


T. calidris, Becbst. 

T. semi pal matus, ) 

Temm. j 

T. glottis, Becbst. 

T. Bartramius, Temm. 

T. stagnatilis, Becbst. 

T. ocliropus, Temm. 

T. glareola, Temm. 

T. hypoleucus, Temm. 

T^ macularius, Temm. 
Strepsilas collaris, Temm. 
Scolopax rusticola, Linn. 

S. major, Linn. 

S. Sabini, Vig._ 

S. gallinago, Linn. 

S. gallinula, Linn. 
Macrorampbus griseus, 

Leach. 

Calidris canutus, Briss. 

and Cuv. 
Machetes pugnax, Cuv. 
Tringa rufescens, Vieill. 

T. pectoralis, Bonap. 

T^ subarquata, Temm. 

T. variabilis, Meyer. 

T. Scbinzii, Bonap. 

T. platyrbyncba,Temm. 

T, minuta, Leisl. 

T. Temminckii, Leisl. 

T. maritima, Brunn. 
Arenaria calidris, Meyer. 
Phalaropus hyperboreus,! 

Lath. J 


Purple Heron. 

Squacco Heron. 

Great Egret. 

Little Egret. 
Rufous-backed Egret. 
Common Night-Heron. 
Common Bittern. 
Freckled Bittern. 

Little Bittern. 

White Stork. 

Black Stork. 

Maquari Stork. 

Spoonbill. 

Common Flamingo. 
Thick-kneed Bustard. 

Long-legged Plover. 

Gray Plover. 

Lapwing. 

Keptuschka Lapwing. 
Spur-winged Plover. 
Golden Plover. 

Dotterel. 

Ring-Dotterel. 

Little Ring-Doiterel. 
Kentish Plover. 

Red-chested Dotterel. 

Oyster- Catcher. 

Glossy Ibis. 

Common Curlew. 
Whimbrel. 

Slender-billed Curlew. 
Black- tailed God wit. 

Bar- tailed God wit. 

Terek Godwit. 

Avocet. 

Spotted Redshank. 
Redshank. 

Semipalmated Sandpiper. 

Greenshank. 

Bartram's Sandpiper. 
Marsh Sandpiper. 

Green Sandpiper. 

Wood Sandpiper. 
Common Sandpiper. 
Spotted Sandpiper. 
Turnstone. 

Woodcock. 

Great Snipe. 

Sabine’s Snipe. 

Common Snipe. 

Jack Snipe. 

Gray Snipe. 

Knot. 

Ruff. 

Buff-breasted Sandpiper. 
Pectoral Sandpiper. 
Pygmy Curlew. 

Dunlin or Purre. 

Schinz’s Sandpiper. 
Broad-billed Tringa. 
Little Sandpiper. 
Temminck’s Tringa. 
Purple Sandpiper. 
Sanderling. 

Red-necked Phalarope. 


Phalaropus pla^y%nchus,| 

Fulica atra, Linn. Coot. 

Rallus aquaticus, Linn. Water- Rail. 

Porphyrio hyacin thin us, Tern. Hyacin thine Porphyrio. 
Gallinula crex, Lath. Land- Rail. 

G. chloropus, Lath. Common Gallinule. 
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Zapornia porzana. 

Z. Baillonii, Leach. 

Z. pusilla, Steph. 


Spotted Crake. 
Baillon’s Crake. 
Little Crake. 


Order V. — Natatores. 


Anser hyperboreiis, Pall. 

A. ferus, Steph. 

A. segetum, Steph. 

A. albifrons, Steph. 

A. leucopsis, Becbst. 

A. ruficollis, Pall. 

A. brenta, Flem. 

Clienalopex iEgyptiaca, ) 
Steph. J 
Cygnus mansuetus, Gmel. 
C. ferus, Ray. 

C. Bevvickii, Yarr. 

Tadorna vulpanser, Flem. 

T. rutila, Steph, 

Mareca Penelope, Selby. 
Rhynchaspis cly peata, Steph. 
Anas Boschas, Linn. 
Querquedula Crecca, Steph. 
Q. glocitans, Vig. 

Q. circia, Steph. 

Dafila caudacuta, Leach. 
Cliauliodes strepera, Swains. 
Fuligula ferina, Steph, 


leucophthalma, 

Steph. / 

F. rufina, Steph. 

F. cristata, Steph. 

F. marila, Steph. 

F. dispar, Steph. 

F. raarmorata. 

Somateria mcllissima, Leach. 

S. spectabilis, Leach. 

Oidemia perspicillata, Flem. Surf Scoter. 

O. fusca, Flem. Velvet Scoter. 

O. nigra, Flem. Black Scoter. 

Ciangula vulgaris, Leach. Golden Eye. 

C- Sw. and J 


Snow-Goose. 

Gray- Lag Wild Goose. 

Bean Goose. 

White-fronted Goose. 
Bernicle Goose. 

Red-breasted Goose. 

Brent Goose. 

Egyptian Goose. 

Domestic Swan. 

Whistling Swan or Hooper. 
Bewick’s Swan. 

Common Shieldrake. 

Ruddy Shieldrake. 

Wigeon. 

, Shoveller Duck. 

Common Wild Duck. 
Common Teal. 

Bimaculated Teal. 

Gargany Teal. 

Pin-tail Duck. 

Gadwall. 

Red-headed Pochard. 
WJiite-eyed or Castaneous 
Duck. 

Red- crested Duck 
Tufted Duck. 

Scaup Pochard. 

Western Duck. 

Marbled Duck, 

Eider Duck. 

-King Duck. 


C. histrionica, Leach. 
Harelda glacialis, Leach, 
Undina leucocephala. 
Mergus merganser, Linn. 

M. serrator, Linn. 


M. 

cucullatus, Linn. 

M, 

albellus, Linn. 

Podiceps cristatus, Lath. 

P. 

rubricollis, Lath. 

P. 

cornutus, Lath. 

P. 

auritus, Lath, 

P. 

minor. Lath, 

Colymbus glacialis, Linn. 

c. 

arcticus, Linn. 

c. 

septentrionalis, 


Linn. 

Uria troile, Linn. 

U. lachrymans, I^apyl. 
U. Brunnichii, Sab. 

U. grylle, Lath, 

Aica impennis, Linn- 


Harlequin Duck. 
Long-tailed Duck. 
White-headed Duck. 
Goosander. 

Red-breasted Merganser. 
Hooded Merganser. 

Smew. 

Great crested Grebe. 
Red-necked Grebe. 
Horned Grebe. 

Eared Grebe. 

Little Grebe, or DabchicL 
Northern Diver. 
Black-throated Diver. 

■ Red-throated Diver. 

Foolish Guillemotr 
Bridled Guillemot. 
Brunnick’s Guillemot. 
Black Guillemot. 

Great Auk. 
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BiWio- Alca torda, Linn, 
graphy. Mergulus alle. Bon. 

Mormon fratercula, Teram. 
M. glacialis, Leach. 

Pelecanus onocrotalus, Linn. 
P, crispus, Feld. 

Phalacrocorax carbo, Steph. 


Ph, 

Ph, 

Ph. 

Ph. 


LIS, } 

S. j 

nus, I 

)h. r 


graculus, 

Briss 
pjgsemuSj 
Steph. 

cristatus, ) 
Steph. and Flera. J 
Desmarestii. 
Sula Bassana, Briss. 

S. melanura, Temm. 
Sterna Caspia, Pall. 

S. cantiaca, Gmel. 

S. Anglica, Mont. 

S. hirundo, Linn. 

S. Dougallii, Mont. 

S. minuta, Linn. 

S. stolida. 

Viral va nigra, Leach. 

V. leucoptera, Leach. 

V, leucopareia, Steph. 


Razor-billed Auk. 

Little Auk. 

Puffin. 

Northern Puffin. 

Pelican. 

Dalmatian Pelican. 
Common Cormorant. 

Black Cormorant. 

Little Cormorant. 

Green Cormorant. 

Desmarest’s Cormorant. 
Solan Goose. 
Black-tailed Gannet. 
Caspian Tern. 

Sandwich Tern. 
Gull-billed Tern. 
Common Tern. 

Roseate Tern. 

Little Tern. 

Noddy Tern. 

Black Tern. 
White-winged Tern. 
Moustache Tern. 


Xema ridibunda, Boic. 

X. atricilla. 

X. melanocophala, Boie. 

X. minuta, Boie. 

X. Sabinii, Loach. 

Larus marinus, Linn. 

L. fuscus, Linn. 

L. glaucus, Brunn. 

L. islandicus, Edm. 

L. argentatus, Brunn. 

L. rissa, Linn. 

L. eburneus, Gmel. 

L. canus, Linn. 

L. Audouiniij Temm. 

Lestris catarractes, Temm. 
L. pomarinus, Temm. 

L. Richardsonii, Swains. 
L. parasiticus. 111. 
Puffinus Anglorum, Ray. 

P. obscurus. 

P. cinereus, Steph. 

Procellaria glacialis, Linn. 
Thalassidroma Leachii. 

Th. pelagica, \ 

• Selby. J 
Th. ? Bulwerii. 


Laughing Gull. 

Black- winged Gull. 
Black-headed Gull. 

Little Gull. 

Sabine’s Gull. 

Great black-backed Gull. 
Lesser black-backed Gull. 
Glaucous Gull, 

Iceland Gull. 

Herring Gull. 

Kittiwake Gull. 

Ivory Gull. 

Common Gull. 

Audouin’s Gull. 

Skua. 

Pomarine Gull. 
Richardson’s Lestris, 
Parasitic Gull. 

Manks Shearwater, 

Dusky Shearwater. 
Cinereous Shearwater. 
Fulmar Petrel. 
Fork-tailed Petrel. 

Common Storm-Petrel. 

Bulwer’s Petrel. 
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